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Abstract:

Background: Diabetes interferes with some of the factors that contribute to cardiac
angiogenesis. So, this study aimed to investigate the effect of eight weeks of high-intensity
interval training (HIIT) on VEGF, NO and Let-7a in young rats with type 2 diabetes.
Materials and Methods: The present study is an experimental study in which the statistical
population consisted of young rats (8 weeks) with type 2 diabetes. A total of 24 young rats (8
weeks old) were divided into three groups: diabetic + HIIT, healthy + HIIT + healthy control.
ELISA was used to measure VEGF and NO and Real time PCR was used for Le7-a.

Results: Diabetes + HIIT group had more VEGF compared to healthy control group (P=
0.005) and healthy + HIIT group had more VEGF than healthy control group (P=0.001). The
healthy + HIIT group also had higher VEGF than the diabetes + HIIT group (P=0.005). The
diabetes + HIIT group had more NO than the healthy control group (P=0.041) and the healthy
+ HIIT group had more NO compared to the healthy control group (P=0.005). Also, the
difference between the healthy + healthy group in comparison with the diabetes + healthy
group was not significant in terms of NO (P=0.07). The diabetic + healthy group had more
Let-7a than the healthy control group (P=0.009) and the healthy + HIIT group had more Let-
7a than the healthy control group (P=0.001). Also, the healthy + HIIT group had a higher Let-
7a value compared to the diabetes + HIIT group (P=0.001).

Conclusion: The findings of this study showed that HIIT increases VEGF, Let-7a and NO in
diabetic and healthy rats. However, the increase in these variables was higher in healthy
samples than in diabetic samples.

Keywords: Type 2 diabetes, High-intensity interval training, Angiogenesis

*Corresponding Author
Email: abedi@iaumahallat.ac.ir
Tel: 0098 8642 357 570

Fax: 00988 6432 57555 Conflict of Interests: No
Feyz, Journal of Kashan University of Medical Sciences, April, 2022; Vol. 26, No 1, Pages 30-37

Please cite this article as: Bagherinia M, Abedi B, Fatolahi H. The effect of eight weeks of high intensity interval training on Let-7a, NO
and VEGF levels in cardiac tissue of young rats with type 2 diabetes. Feyz 2022; 26(1): 30-7.




Y £ cubis M Ol g2 (2 o slagh g

Y *y )

A o o shle el B AL
W) EY
e aiaCta 3T G ol 5 Bas by 58 e (I S5 BT 50 Se Jelge 3 B p e NS el (s iU 9 il
Al ¥ ps ol 4 Mo Ol gla, 55 Let-7a s NO (VEGF ke » Vb wad b sl
ol JoS5 55 g9 Zalbs 4 e (ia A) Ol g o, 1, OF ()bl amslr &8 Adbo 2285 §55 51 ol Guiow S H9) 9 S50
5 VEGF ioww sl L4 e (s 7S 5 205 o ed + e s s+ b 09,8 4w 43 Oy Sy YY slias
A5 oslzwl Real time PCR 3y, 51 Le7-a ioww @l 5 1Y oy, 51 NO
VEGF (P=1/+11) J 25 05 8 b aeslin 53 o a5 + ol 095 5 (P=10/000) 25 05 £ b aeglin 53 o o3 + Zalis 09 £ 1l
i+l ey 8 P=0/000) ity (6 i VEGE [l oo + Salis 05 8 b awglin 53 35 o pod + @l o 5 .0udls (g
Sl romer il (5 5k NO (P=0/000) J 28 05 8 b aelin 53 o i + (o 05 8 5 (P=2/0¥)) J 28 0y 5 1 acsli o
038 dliess p e + oz 0 5 (P=0/0V) 5 55 jlslins NO e 51 cp e + Colis 09,5 b amslio ;s 0 e + ol 05 5 o
+ e 05 8 rimen s lss 5 (s ke Let-Ta 5 (P=0/001) IS 0n B aeslio ;s o0 + (o 05 8 5 (P=2/009) J s
P=700) cils (g i Let-7a jliie o 505 + Calis 09,8 b amlin ;s o 03
b it ol Gl Wl 0 o Wl 5 L3 (ol oo sl ge 53 NO s Let-Ta (VEGF il 58l el (o5l op o5 108 5 4ot
s s gk pel 5l e Wl gladi el 5o

P35l Y Dad b s Bios ¥ g Cabs (SIS O 319

9.\5(.’:5!.3JAVEGF 3NO JLet-7a C’Jﬁ.ﬂlﬁy‘e Gadi b o glas O3 a3 M&MJ&SE

YooYV Slrie NF) Clgus)l = o983 ) oyled (b g S 0593 (o sty — ke asbiols 9o

FinFl 25505 Sals A5 SIS AT Sl sl
G335 gba sy cnl )3 4850 S g LS 5l (B 3L
Olgsa VEGF 4 P35kl 5 Gt Ay 5 $SB Lleuls a L
4ok pdhl perdgen s S SSipil bl 5 S
Sl Ul 1S el 33 S XD S ge 335 b e
1,00 Vitro Lyl ps s o8 510 VIVO Jayl,d 53 oo K555 5
VEGF ol 45 &les S 3,158 ollas 31 5 [0] el i
‘_{,’&A\s ‘;'e.l.:.: QU‘}:’-} aols! a};‘gbﬁ)b |J ,.L*amRNA
59 g (B plsl b Al Shley o [F] A
i 5 VEGF .5, gshw VEGF mRNA
33 ol s Sos roees A8 o ldg fals (VEGFR)VEGF
Ol Sldlas Kos [V] 35 8 oo SN s 5 3,8 g 21385
JA] 355 5925 Jolis 5 Shee VEGE 5 NO (s o5 (ool 0315

Gy Sl 5 g al ke el Kb

T e I A e e
PRl 55 M Sl s OF polis S V0] b 3L
O ds 45 sl 033 0L Sldllan s gpm 3 V] b e
Sl LU s S8 — o5 g lew L lmictORNA s

3 V] el ol por 33050 53 alag bl b oabs

S A Al sl K FimHl 5 Sae 5
i g a8 ale alaplll s 355l Gl Cel b
B B S5 5 Fi a5l sl cm g Sos S b3l g s sk e
[Y] 558 o Glam sladis 5 0Ll s ams G385 5 o
S 58 5,158 (1499) O )Ken 5 uls f 500 0 KW CIN
Werner V] & ,0s 5 S 35S oSl o8 Ol uba O jle
Sl B e A g g Ay &S W3S 15 (Yee) O, Kes

Jf] ol @Bl alS s Ollew o 59 S

ST alBzils (oloe 3>y (bisg SSodorud 29,5 (SxS> (Gomiils )
Ol cOUo ¢ ol

oo ¢ gollul ST olEiils «hiore 321y o9 S59)92 3ud 295 obiwl ¥
Ol !

oMl ST ol8iils (o 321y (obisg Sslssimd 29,5 lokiwl ¥
Ol egmd 1

1Johuns aximygd ¢l *

Oyl cMme (Mmo 351y o solhusl 31T 8L (g9 (S 59d52 3ud 09 5
<ASFYFIOVODD tunyghyns <AFEYYOVOV - :pbls
abedi@iaumahallat.ac.ir s¢51g)35) Cuny

VE /1 /Y 3algd sy A6 Ve /0/Y bl AyG

*



lhg?aj)jb‘g.o
51 oty 5 dluy Sl eddzl funl Al

T U N B W Py S 2> = VIR C PR W
Gei Cwwl oad 4ub IRIJAU.QOM.RES.1399.037
Ol sl 1) OF (bl anlr &5 Asb o (028 g5 51 21>
(G5 ol 53 Mo ST 55 g s el 4 O (slaia A)
Sl Sl gl 5 r)b(dlm/\)blf Sy ¥E 2l
Sl Byl 5 55 5 05 Sy p sk oK1 50 i, pales
- gldy, S ol Sl e YL Y Gl Kke)
4 3051 o s b (dap 35 01 g Cusby (Sl VYNY S0
SHLlsT 51 g HAS (5,0 B 55 (D) 03 lBE 5 O
038 (23 Biss = RLs es S aw 4 L, (b bow b
e (2505 plol 09) U5 05 8 5 (sl (e + ol
390K e S 955 el G0F b QBEI O) pe A slaes s
dA8 31 g pe ol A 31 s (DUl S bs (STZ)
Ol frmmrdr B 53 0 o 5958 e S o558 el GoF b
Fan (pFAS p slila p S e 00 Dlzea PH= 0/F)
Ml Jasl e, oGy 5 A el FA LaS by Blasdy)s
305 3 o a0 T el b gl Was ey s Cils &
0 8 S DUl g 3 )3 S S oz sl b e 559555 !
ooy s 5 <55 IF s SHE g sy 2 05
s g p S e YOU VL 055 A S 0l g5l 5 e S SIS
(e Slaeg S oAb b S 5 bl e i Ol se g [A]
(ol Db 0 S0 8 s 0 Jali 1) 55 4 by Sl
OB W g o gmases U138 19 5950 Ok (ol (o ja5 s
VOimax 4w;s 44-80 Cud b a3 L1, 1Y 5 i)
doys 00 s b Jd gl xal glre,gs g adds ) Cdeay
(gl i pladl 5 g s STt (a5 ) et VO max
plod &S S A ) el SdE b 05 S5 4k O
2 o el B USSy s ma JES 0 S Sl ey Tl 2
Al Sl Gl 2 g T ses S and Gl S,
NECUTH ) e 1l 4 o s oo JHsa (B s OS]
shdplonl sl ia g & 4z 5L 5 (iS58 Rl 54 2
ol g B8 I ealala;ge 55 Sds b e b IS5 5
O3 b g3l (oml Dad b 05 Sp S aids Ve 5l day (el
e S g By ¥ Odey 4ids 5 2 V0 e e b e,
G V/A) 4l o ¢/ Oljnts by ada ¥ pa 01 551 58 s
AU 0k 55 43l Kis Sl B Bl I3 (aids 4 e ¥

S Ol 5ot (K oo Shlaly 4 e, O 43 45 28

vy

OHKer 5 s AL

SBRNA det-7 GLRNA ;s obe ol 55 VY]
[I] lodd S&5 A5 IS 5 VY 51 45 dimes (gloduSuS b
5> Let-7 GRNA ;S a5 col ot b o o0, 5ba
o3l Sl A 5 W g go S Ol Aol i S 51 (glos S b
sbws HUVECs s Let-7 [Vf] conl 0dd plulis oI 5
Fin5 53 e B 45 el 03§ asite 5 5dip Oy
Sl gos 3l s Let-7 0ly 3, 5053 S 0nl o8 e [17010] 5505
0303 DL iy Slallhae ol el 05 01,1 oo S L3
B (slacsslen 4 Moo O lest 53 (ol [Et-7 aans 45 o
Aoy K55 o [et-7 7 sk ol Foml ¥ g5 alis 5 (g0 -
Sl b ks el gl Ollen 55 Bl 45 Lladlys
25 53k 53l phaw 4 o g o eslinal (g8 - o lags e
Finpl ol 5 obs 5 s B K g 3 [VANY]
P sl K351 5T 5 K55l Jolge 0T 86 5 S
(s andllas b gl el 5 K 0l Cubs esmil . Cal Caa]
Fi ks IS 5o 1) 55y Sl el wbU ,sba 55 2
s 56 edmsilE sgmge Oldlae L e [VA] amudls
bl S35l AT 5 S350 Jalse 5 B 2 hi0s
Jee Ol goay At f0 Jalge (pl 2 Sl o3 gl 4en Jlo-0pl
AU maglis e &5 Lsls OLE (YNF) OL,Kea 5 52k
[A] 508 mbs sae, 43 VEGF 5 35051 5 )lsbas
VEGF ;NO st Jil53 (Y214) 0, Ken 5 Vizvari bl
OLS (65lsm s A1 55 Y g8 Cals 4 e 0L )3 1) (o
B F5m5l b s sl s Let-7a 5,45 [Y] &sls
Il 55 O Kan g 515 puars Gios Lol (S CBL i Guiod
sl i so Let=7a i3l a g5l o e a8 5l OLES Y0P
(oS spla Sopl 4 e g [V ] o550 e Sl O 4 i
OO T [ N NP IS PP [T RP S| MR
5 ol 45 dsion Jia oS gla bl 3 YL Sas b sl
Bl F e 21355 0 Wil or oS s sloml Gy b1 Sl e
G55 JS5 5 35050 5les ol als b 4 S a0l
3979 Jlaiml ol e pe 35 8 o Jaowe G0 5 I3 55 Sl
BB 4 Sopb ldsbul 4 ar g b ool Ol s &S 550
ol 58 e s Skisel 53 S35l GWI s g sl
b sls e iadin SU ) ol Gake ) e
Olgr s, s Let-Ta s NO VEGF £ » Vi oot

R AN E R TTR E

\e)LaJ'nlY? a)‘gbl \Ee | %;;I—w:)})|u@umb‘p



e 2 Vb SRS b ol o e ket ST

Oy o sl ol 23 53 CDNA s 5 RNA 1 sl
microRNA let-7

plxil dopls JSon mlolp RNA £l 5l Jol 0

05 ge3adl3l 51wy let-7 MICTORNA & sl (5l s (A

a3 =Y sbes 53 59,8k ) Sdeay ag) J sk b n !

A el ol Al gy Jol e o S s SIS 81 S S

o, b lae Stratagene .S 3l cDNA csle 4,
A oslital (oS 2
Real Time-PCR

4 bap mlp s CDNA Cslhe chle i

oaduta (Bl JU e Sile)l 5l eslil b let-7 microRNA
40 Jold (a8 o&Kiws (55, Real Time-PCR wb p .as
Frooadl Ve Odeay a5 A0 (K FO alds VSl s
U6 3l g 4l Yo Sdeay a5 VY 5 sl 10 Sodess 43

3 ‘?bb ‘_;Lhﬂlﬁl A ealaal let-7 GB‘J JJ:JS bj Q‘j\&kj

ad o AT 51 A sl YF VY] W S s s
08 o) VO maliS (55,5 51 S 5 51 oalital b o (o o3
G5 Sogon (p S5k pp S V0 shl5 5 (p S 5hS 5
(Ul o5t 3 Ol I ey KAS b Shwols)s
5 43,5 0T b 5l s j5ba 055 5 IS 1) A 4
SS9 S5 4 o Lk god s S ) il OLES (e
@t gl gtar gl g BAd ool S F mbe D5l s Jate
oo lp Bl QU SIS Sl s A gl b
Rat VEGF ) 45 eslisul 1591 25, 31 ¢ 55 VEGF
Gss by, !> sl p s (ELISA kit, Cusabio Biotech
g odd 4o IS by 534S SRl el by Gollas
SSTs 5 SIS Ol Somi o s Ab US,
S8 okl b 5 2815 4 a2 g b bt e K

Nitric Oxide Assay Kit, Cayman, ) dwsS1 2 iows

el 0l Vol Jade 3 sdBeslinal A eslicd (USA
oslatulsy e sla ol u =Y o jled J s
s 6 S S6 NCBI
LET-7A UGAGGUAGUAGGUUGUAUAGUU i NR 029725
U6 GCGCGTCGTGAAGCGTTC G TGCAGGGTCCGAGGT NR_003027
@lﬁ GJLJ -X3)

oy 8 o 53 45 sl 0L 15T bl gl mbs

Sl ssmy bl osls VEGF jlaie 3l (oo
098 &S 35 Lakie w5 Ss iy e 00y (P=r/e0))
Ploes S 5 (P=1/000) J 7S 05 8 amslio 55 o a3 + Zulyd
& b VEGF 51 (P=1/001) J 25 05 8 b dulis ;5 oo joi +
035 b awalis ;5 cpjel + P 038 oomen el Lla) 95
Sa503) (P=2/240) uils (g 2y VEGF laia s 05 + Cobis

.(\ ﬂ)lﬁ-\:
Y
?‘l \0
o
0

ol J s

ol

Osa51 3l esls w35 03 e (o 2 812 Gl ol 5

6\.&«)}#51 j‘ aesls Q.:_’.z‘;uxb Sy 9P S LA ealaw! Q}}ﬁu
35 amalin gl 5 B, bSS s UT g3 Jals G el
b piie wsp o SR g i Dol 3l e S 593 4
YY ase.s SPSS Nle s 5 ealinal b o gy 2 (goled A 03lisl

A sl P< /00 ylstns b 530 (S\3)

VEGF

it edle
e oy S

Gt il glaos S 53 VEGF JL‘».A}}UC]Q—JML&UA—\ oolad Sl gl

el abs g8 b anslis 3 jlabie =H# (28 05 5 b anslis j3 jlabie =3

Voosled | Y8 o9 | VY | %ajl—wa)‘gjél o2 aaliolegs



OHKer 5 s AL

omamed ails (6 i NO (P=4/420) J 25 65 5 b amslis o oS op 534S 313 OLE 18T (55T 05051 s K (g 5
st C_A.L_ﬁ.é 3‘3;\.34-«._{\5.4 SLIR. Sy VJL-: o};wﬁa}w (P=+/0v0v) 3,ls 3959 6;‘)[&# Q}WNO J‘.\Eﬁ#_}‘dﬁ
LY oyl Hlaged) L(P=2/V) 555 lsbiae NO Sluze s 5 + Cabs oy S ol UL Sy B s RPNt e )

i+l oy 5y (P=0/0F0) J S 05 B L alio 55 s o8

Gl 5o 5 ,K00) lale

k}:ﬁ;&@kﬁ:ﬂéhc);)bNO dwmc\a.«wuﬂ—\' a)w)lzjaj

J5S 09 8 b amglie 53 ylabine =

rzan el lay g5 (g ke Let-Ta 31 (P=2/e0V) J 8 Sl Getow by B w3 &S sls OLES 15T (Ml O ga 3 @b
Let- Sldae et C,.a\ia e};l..idn.luajé Rt r.“.w e}; :)}ﬂji (P=+/00y) 3,08 349 ‘_;J‘éb.u PP Let-7a Slde
(¥ o ylads Hlsges) (P=2/00Y) clils (g i Ta amslis 53 o a3+ Cubin oy S 4S5 8 jasiie i S8 e it

038 b deslie 53 p e+ WJlwog B 5 (P=1/008) J S 05 S0
Let-7

YA
V.8
\,¥
VY

*A
(4
¥
oY

(Ao y2) chals

Pldss garcals el
e oy S

Gt il slaes S s Let-7a ol C]a—.u dslie =T o jlad Sls 4ol

s+ abs g8 b anslis 3 jlabie =H (28 05 8 b anslis 3 jlalie =3

Gélaéw@w..\.ﬂ:rbﬂYtjqkaquﬁ sbko, o
it deon S 5 J RS 0g 8 b alin o o pei + ol g 5 5 o3 haCtn S e b G )

sl laygE s o Let-7a 31 JES op S b awslie s » Let-7a 0y s NO VEGF leudy 7 shu 5 Y4 i |
¥ \o)\.«i':l\'?a)‘gal\f'\ %;;I—w;u;|u@uu°bp




e 2 Vb SRS b ol o e ket ST

Oadslyl S byl s cl osline edddles!
w3l Oslize el oKes VEGF o555, s mRNAVEGF
el 45 Winls OLE (YO F) 01,0 5 ol bl cpl 5 [FY]
s s, 53 VEGF 5 5551 5 golsbas 53U 25l
el &S Lsls 0L (Y0WA) O, 5 Soori Ll [A] 5,0
390 b3 e, cdB c3L VEGF ol esl sl
adiges 43 1, VEGFE a5 (Y1) O, \Ken 5 05150L 3 [¥Y]
Sl 35508 [PF] K S 5518 il iss S s Rbs
G ol 55 Lol tcal e il Jolss 35,5 31 53 VEGF
VEGF 355 #b ¢35 Ol 504 5 s Let-Ta gl
Jro] asls o S50 50 1, TGF-B oltis K3 ki ja bl 3,15
SESS @KL«,;6@1;3ﬁ;i,>r@adu,,:su,~|VEGF
3 Fap sl S5 Il glad e S 5L 4 e
S50 JW sl sladsbe 53 0 iluslsl s NO wlg cpioven
glast s S (58 gl JUIs 50 (slad shas 553 T 51 5 [¥9] o
> Ses VEGE s NO (s [A] &5 0 o 5515 G 5 slo S
313 0L ol Jiash s bulyoman 53 [A] 3503 552y oline
+ el o B s RS 0s B L amlin 55 e+ uls 0y S S
e A2l gt NO WS o 8 L amlie 55 oy
i el 0g B bl e+ e 05 B e ol
55 (YooA) O,Kes 5 Grijalva s a8 Hlsbas NO jlaze a3l
s s & 3y 2wl gl 5o 1y NO lsbas 2l
(YY) O, Ken 5 Krause wa o [¥V] Lo 8 5,055 5l
L 31 55 g3len B55s B e NO Llads 55 (5)lsbas i
B3 51 Sas by op e Olojs Yzt [YA] s S5 3,158
ks Julse 2559 F1 53 NO 515 s sl ooglan fo]
Gl oy 53 oSl ahor OF 31 Let-7a a5 aib j5e Ll 5 o0
Let-7a oly il 45 Ls 8 2,058 (YVF) 0, 5 Bao
Eol Cabs &S Ay o B4 [VA] 548 0 NO il el
Ll 5480 NO 5 VEGF als of Jlisa 5 Let-7a als
A3 NO 5 VEGFE 250 el Let=7a I35l 55 b3l op a3
5 5es VEGF 5 NO (w5 conl eals 0l Slalas Ko
AT SlaplSe 51 K ol s s [A] 2)ls 2 Sl
dos S aseia Plo 5 Bl gk sel 2 NO ;o5\ 5550
4 ol G 53 348 Qe S ) O B ) &S
w8 s ambs J RS eg 8 tagh 4o 53 Sudgdew e
5 &S A5 sy 55 TGF-B 5 HIF] ldis ppomen A5

EXSs )LQJA-! C,:E;J ‘5\.&{.,.1:}.\”

Voosled | Y8 o9 | VY | %;;l—wa,,ﬂ o2 aaliolegs

S el 0 B L aelie 53 jed 4 e 0s B ioen
<L s Let-7 oly 5,405 cils g i Let-7a luza
Sllas (5 p bl ol 05 1)) paiein S (s (lad gos
B3 e 53 oDy 17 o oS ol 5l LIS
T 4 Ols 5l dm Ll Ll ol Fomb Yo s Zabs
@b (FJl let-7 oslgls glasl [ANY] 53550 ssle
gz S Oy S e sl omns g s OLSG sl Il
Brennan [Yf¥¥] uus e pltdl Gus GLMRNA i S is
s Let-7a zals a5 Wols Ol adew s (YY) Ol
Grlrd el Sy Ol Gl el abs sladi el
i 51 V0] sjls 3im3l 3 g 28 Let=7 [YY] 555 o
sk 6313 OLE Lol (sl 0kl e § g O 38> K a2
skolis 21585 55 53051 b Jas e Jalse 51 (g5l 45 e
— oK e 389 5 N S g g 5 AL 15 oS L let-T
dtissue inhibitors of metalloproteinases (TIMP-1) .Y
Kinase insert domain .c-Met 4 Neuropilin-1 (NRP1)

receptor (KDR) /vascular endothelial growth factor
Sldlas & 5 [Y2Y0] TEK / Tie-2 areceptor 2 (vegfr2)

HIFlo/let-7/argonaute 1(AGO1)/VEGF & jows
Oy HIFL Wlos S slgidy oS gt 5130 138, 3 1,
Slaal 5 Let-7a oly odi hy ol (goblS eisS ey
3 VEGF 0l 131 0f Jlisw woaid AGO1 dhes 3l Let-7a
TGF- &5 Wlosls 0l 35 Sldllas K5 [V8] 358 o0 35551
(Y1) 0, Ken s Ko [YV] 55 5 o Let-7a oly jials el B
980 TGF-B jlstime Jiul53l Sl cabs 45 Lsls 0L [YA]
sLases 5o 15 HIFT jials (Y+4\A) 01, 5 Cerychova
lie 55 Ol ek Ol cnlply [YR] L3S 508 abs
Let-7a 53 el 51, A5 S s TGF-$ , HIF1
S5 HIFL a3 (YA) 01 Ken s Wang ol .cuils
55 (YW) Ol s Ren o] wsls 0L 1) g5len 55,55
Olowen [¥V] Wa, 8 5,058 5,0 A1 s 1, TGF-B als
23 Xlg o VEGE i3l G byl Let-Ta o5 s 4 5 i
23 s Lol 05 8 48 sls 0L b i AL S5 555
IS 09 5 amlio 53 pyei + (Jlwog 5 5 08 05 5 b amslie
o+ 058 e el lay 55 s 2t VEGE
iy (g gy VEGF ldas o 03 + Cobin 05 8 b awmylis o
RUR-HICH PRy REA I -3v-2 5 SIS SYCH CAGON S % F W PR TGNt gy

S pg 4 e (S5l GG i S Ol Ll

Yo



ol oISl paste |y 35m 5T 5 iss S slep s

Se b 6‘-“5.5*35‘}—:-:-3('3\—-‘ S ga5 5 e ize

S0 9 K
ol sl 53 15 Lo oS SLS aen 5 oK LST oy

.3}&dﬁxexb; 6)\.‘{&?2;9-

References:

[1] Carmeliet P, Luttun A. The emerging role of the
bone marrow-derived stem cells in (therapeutic)
angiogenesis. Thromb Haemost 2001;86:289-97.
[2] van Royen N, Piek JJ, Schaper W, Bode C,
Buschmann 1. Arteriogenesis: mechanisms and
modulation of collateral artery development. J Nucl
Cardiol 2001;8:687-93.

[3] Abact A, Oguzhan A, Kahraman S, Eryol NK,
Unal Suk, Aring Hs, et al. Effect of diabetes mellitus
on formation of coronary collateral vessels.
Circulation 1999; 99: 2239-42.

[4] Werner GS, Ferrari M, Betge S, Gastmann O,
Richartz BM, Figulla HR. Collateral function in
chronic total coronary occlusions is related to
regional myocardial function and duration of
occlusion. Circulation 2001;104:2784-90.

[5] Hegde P, Wallin J, Mancoa Ch. Predictive
markers of anti-VEGF and emerging role of
angiogenesis inhibitors as immunotherapeutics.
Semin Cancer Biol 2018; 52(Pt 2): 117-24.

[6] Green DJ, Spence A, Halliwill JR, Cable NT,
Thijssen DH. Exercise and vascular adaptation in
asymptomatic humans. Exp Physiol 2011; 96: 57-70.
[7] Yoon YS, Uchida S, Masuo O, Cejna M, Park J-
S, Gwon HC, et al. Progressive attenuation of
myocardial vascular endothelial growth factor
expression is a seminal event in diabetic
cardiomyopathy: restoration of microvascular
homeostasis and recovery of cardiac function in
diabetic cardiomyopathy after replenishment of local
vascular endothelial growth factor. Circulation
2005; 11: 12073-85.

[8] Mahrou M, Gaeini AA, Chobbineh S, Javidi M.
Changes in stimulating factors of angiogenesis,
induced by progressive resistance training in diabetic
rats. ljdld 2014; 14: 1-8.

[9] Miao Y, Ajami NE, Huang TS, Lin FM, Lou CH,
Wang YT, et al. Enhancer-associated long non-
coding RNA LEENE regulates endothelial nitric
oxide synthase and endothelial function. Nat
Commun 2018; 9(1): 1-3.

[10] Sokolovsk A, Dekante A, Baumane L, Pahirko
L, Valeinis J, Dislere K, et al. Nitric oxide
metabolism is impaired by type 1 diabetes and
diabetic nephropathy. Biomed Rep 2020; 12.5: 251-
258.

[11] Jahangiri RJ, Farzanegi P, Habibian MH. The
Effect of Aerobic Training and Arbotin on Cardiac

2

OHKer 5 s AL

&5 dom
K Let-7a 2 C,.j\.la Ly YY) eals OL&S ‘;L; QLE.:E;J

A6 sy50 bl gd e OF 2alS Esb sy 53 VEGF
» gesasy Let-Ta g b3l VEGF 5 35,50 » 5555
OLES Gl Lol s gy 0l )18 pdgs gl bs (sladi sl
Sl el Let-Ta il 5 bl asls cpjes &S sls
5 & 5 Let-7/VEGF/NO) 543 NO ; VEGF

Nitric Oxide, Tumor Necrosis Factor alpha, and
Vascular Endothelial Growth Factor in Male
Diabetic Rats. Qom Univ Med Sci J 2017;11:53-62.
[in Persian]

[12] Kiigiikali CI, Kiirtiincii M, Coban A, Cebi M,
Tiiziin E. Epigenetics of multiple sclerosis: an
updated review. Neuromolecular Med 2015;17:83-
96.

[13] Jiang S. Recent findings regarding let-7 in
immunity. Cancer Lett 2018, 434: 130-131.

[14] Berindan-Neagoe I, Calin GA. Molecular
pathways:  microRNAs, cancer cells, and
microenvironment. Clin Cancer Res 2014;20:6247-
53.

[15] Kuehbacher A, Urbich C, Zeiher AM,
Dimmeler S. Role of Dicer and Drosha for
endothelial microRNA expression and angiogenesis.
Circ Res 2007; 101: 59-68.

[16] Chen Z, Lai T-C, Jan YH, Lin FM, Wang WC,
Xiao H, et al. Hypoxia-responsive miRNAs target
argonaute 1 to promote angiogenesis. J Clin Invest
2013; 123: 1057-67.

[17] Satoh M, Tabuchi T, Minami Y, Takahashi Y,
Itoh T, Nakamura M. Expression of let-7i is
associated with Toll-like receptor 4 signal in
coronary artery disease: effect of statins on let-7i and
Toll-like receptor 4 signal. Immunobiology 2012;
217:533-9.

[18] Santovito D, De Nardis V, Marcantonio P,
Mandolini C, Paganelli C, Vitale E, et al. Plasma
exosome microRNA profiling unravels a new
potential modulator of adiponectin pathway in
diabetes: effect of glycemic control. J Clin
Endocrinol Metab 2014; 99: E1681-E5.

[19] Sigal RJ, Kenny GP, Wasserman DH,
Castaneda-Sceppa C. Physical activity/exercise and
type 2 diabetes. Diabetes care 2004;27:2518-39.
[20] Vizvari E, Farzanegi P, Abaszade Sourati H.
Effect of Moderate Aerobic Training on Serum
Levels of Angiogenic and Angiostatic Factors in
Women with Type 2 Diabetes. Sjimu 2019; 27: 112-
21. [in Persian]

[21] Isanejad A, Alizadeh AM, Shalamzari SA,
Khodayari H, Khodayari S, Khori V, et al
MicroRNA-206, let-7a and microRNA-21 pathways
involved in the anti-angiogenesis effects of the
interval exercise training and hormone therapy in
breast cancer. Life Sci 2016; 151: 30-40.

\a)wl’f? a)‘gbl \Ee | %;;I—w:)})|u@umb‘g;



;C"-‘G—sﬁY\f c;.\.:.l.)@‘,l;s ‘_ﬁju' 4:.5.»;..:.»,;“

[22] Akbarzadeh A, Fattahi bafghi A. The effect of
high intencity interval training combined with
curcumin supplementation on Plasma glucose
concentration and insulin resistance in diabetic rats.
Jssu 2018;25:961-9. [in Persian]

[23] Brennan E, Wang B, McClelland A, Mohan M,
Marai M, Beuscart O, et al. Protective effect of let-7
miRNA family in regulating inflammation in
diabetes-associated ~ atherosclerosis. ~ Diabetes
2017;66:2266-77.

[24] Bernsten D L, Jiang, X, Rom S. let-7
microRNAs: Their Role in Cerebral and
Cardiovascular Diseases, Inflammation, Cancer, and
Their Regulation. Biomedicines 2021, 9.6: 606.

[25] Otsuka M, Zheng M, Hayashi M, Lee J-D,
Yoshino O, Lin S, et al. Impaired microRNA
processing causes corpus luteum insufficiency and
infertility in mice. J Clin Invest 2008;118:1944-54.
[26] Bae ON, Wang JM, Back SH, Wang Q, Yuan H,
Chen AF. Oxidative Stress—Mediated
Thrombospondin-2 Upregulation Impairs Bone
Marrow—Derived Angiogenic Cell Function in
Diabetes Mellitus. Arterioscler Thromb Vasc Biol
2013; 33: 1920-7.

[27] Park JT, Kato M, Lanting L, Castro N, Nam BY,
Wang M, et al. Repression of let-7 by transforming
growth  factor-fl-induced Lin28 upregulates
collagen expression in glomerular mesangial cells
under diabetic conditions. Am J Physiol Renal
Physiol 2014; 307: F1390-F403.

[28] Ko JR, Seo DY, Kim TN, Park SH, Kwak H-B,
Ko KS, et al. Aerobic Exercise Training Decreases
Hepatic Asprosin in Diabetic Rats. J Clin Med 2019;
8: 666.

[29] Cerychova R, Pavlinkova G. HIF-1,
metabolism, and diabetes in the embryonic and adult
heart. Front Endocrinol 2018; 9: 460.

[30] Wang S, Tang Y, Zhang Z, Tang Z, Liu Y,
Wang Z. Regulatory effects of HIF-1alpha on eNOS
expressions in the vascular endothelium of pre-

Voosled | Y8 o9 | VY | %ajl—wa)‘gjél o2 aaliolegs

diabetic rats with aerobic exercise. Biomedical Res
2018.

[31]1Ren L, Sen U, Pushpakumar S. Exercise training
reduces TGF-B mediated epithelial mesenchymal
transition in diabetic kidney. FASEB J 2017; 31:
1086.5-.5.

[32] Nourshahi M, Ranjbar K. The stimulus of
angiogenesis during exercise and physical activity.
QHMS 2013; 286-96. [in Persian]

[33] Soori R, CHoobine S. Effect of endurance
training on VEGF protein level in tissue of cardiac
muscle in STZ-induced diabetic Wistar rats. Yafteh
2018; 20: 110-24. [in Persian]

[34] Ghorbanzadeh V, Mohammadi M, Dariushnejad
H, Abhari A, Chodari L, Mohaddes G.
Cardioprotective effect of crocin combined with
voluntary exercise in rat: role of mir-126 and mir-
210 in heart angiogenesis. Arq Bras Cardiol 2017,
109: 54-62.

[35] Shoeibi S, Mozdziak P, Mohamadi S. Important
signals regulating coronary artery angiogenesis.
Microvasc Res 2018; 117: 1-9.

[36] Salehi E, Amjadi FS, Khazaei M. Angiogenesis
in Health and Disease: Role of Vascular Endothelial
Growth Factor (VEGF). JIMS 2011; 29. [in Persian]
[37] Grijalva J, Hicks S, Zhao X, Medikayala S,
Kaminski PM, Wolin MS, et al. Exercise training
enhanced myocardial endothelial nitric oxide
synthase (eNOS) function in diabetic Goto-Kakizaki
(GK) rats. Cardio Diabet 2008; 7: 34.

[38 ] Krause M, Josianne RK, Ciara O, Paul M,
Gareth D, Davide S, et al. The effects of aerobic
exercise training at two different intensities in
obesity and type 2 diabetes: implications for
oxidative stress, low-grade inflammation and nitric
oxide production. Eur J Appl Physiol 2014; 114.2:
251-260.

[39] Bao M-h, Zhang Y-w, Lou X-y, Cheng Y, Zhou
H-h. Protective effects of let-7a and let-7b on
oxidized low-density lipoprotein induced endothelial
cell injuries. PL0S One 2014; 9: e106540.



	30
	31-37

