[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

VEYVFY (Y 0 Lack) YY 0,00 0+ 9 o 9 0l yo (ol ol sl galie g cualas adas

o N S g il e BT S ciig g3 sl 3 Mo (9L (9 303 Al Caid il
Hb9 Jwo O Wb w2 il Sl

T derl ¢ (Sho sl g oo N sl e MTAS oy 5

oS>

.

Sxd 33,0 5 B Glaslen SRl el W5 e 555l GediS Slee 5 eiS o Jalge 3l iS b s taadie
oo ok FAK-D) G585 St 5US 5 osbial 5T 855 0l o HIT) Wds sls o el azis coin il aadllas ol 5o
A s s g, LB

(D) ubis (C) Wl 28 :(N=A) (s5los 03,8 4 & B3lad by Sl s 5oy o YE 3l (o 2 gandllan ol s il
dMUﬁmeJﬁ@wJQje}ﬁ.ﬁw\jduojﬁwjﬂﬂﬁ\&)jjQQQA.JJJJM(D+T)@JJ—¢{QJJ
Golal O a3l 5l eslazal b lassls .oz L;)}T@?v.ﬂ%y@@p 4y pnia garin OLL 3 isls plamil foes 5 g5, L HIT
A o PLe/v0 (gols e mlan > (S5 e U551 s ANOVA

FAK-L Ol 2alS 5 P=+/00)) o S8 P/ o) bl 5T 0L (5531 ol ol 1 o sls 0L ol slaasily
s P=/00)) S8 Olses 5 (P=2/071) bl o 5T Ol L3 (gl pme L2alS Cel b glacs, 3 HIIT s (P=+/evY)
(P=2/v01) A odalie DHT o5 5 55 FAK-L Ol 55 (suls sme il 53l pioean

fodd OB o ol FAKAL Ol ol cpiaman 5 S0 Ol 5 bl 551 085 5 0l 5o 2alS sl HINT g 8 4
b ol 5 (S (Ba e BB 2lse Kl O SIS 5 GBS, S5 slagas e al 53 S LHIT G s d o
Adas als 5oglas, s

O TS v UL ITE L C IV IS SO PSP R W Lo | L4 1P

Ol o33 csus s adle o (3550l Sammin 23555 S350 5058 05,5 )
Ol e ol e el il T asmt s o odbal s13T o235 o 5555 (655 5508 05,5 =Y
Qlj.:\ A‘ﬂ}} ;(a_;) L;.;.o:— rl.a\ J\.Ldldg a&iﬁlb ;fLw—‘ r)l& Lsa_lg.:..!": ‘fi)')) (ajl.& abf—\”

Ol Ol o (Shaslyz S5 (555 (Shp 55 0 -t

FEVEAATANA ‘_;.‘....34‘5 ‘L;‘j'.n:)‘)‘g fx&l{‘. AJ; t‘;CLQ:\A‘ \a.jlc. (55.&.744‘.} c(b_)) L;s:m; "&LA‘ L;u.a“u:\:t bliﬁ.u‘.} ‘@LA&L«.‘ _)‘J_).u.n ‘A:f'é';" ‘)‘J.Lv ‘03\5:)3 ‘;J'w *
sadeghi@s0C.ikiu.ac.ir S 5 ;i< cuuuy o« YAYYVA« < AS palad o YAYYA \WWAY: 4B

VEN /0PN 1 ey e,y VEN /80 s Sl 3 0 g )5 VEO /YT il o g


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

e SLACT g ys Gl 3 duach o gL3 0 yad b cakia 1) ISa0 9 Ul

e ol sl e e eiS i gl S
Fip3l oS olen 586 il 58] i 55
A S Sl O3 ey 5 SN S s 3t e at bl
A sS OLes 5 bl hwg V448 Jl s L
S5 B Oisredly oS Jas et (il 5
eSSl 5 el @ 0T bS5 O sl
Lol s 31 s il bl e 5 sl
S Ao 5 Ll slad b Srlen 5 iS5 51 (6,8 5l
ol 5T D] s 3550 Sl al slis 2
56S MAP =l Jlee 3 b 51 VEGF L5 08 S
(5 Ok 53 [N 358 0 23S Jlee 4 e PA2/A4
S ails e Stewen oolial g3l O L VEGF 0L
03 SIS (oS o a5 Ol ey il 5 5T 1A (goimsOLS
Jos bS5l des 51 Y] ol VEGF _asdlS
S50 235 sn B ATP il it Jlail (ol 5 51
4 pee Coal (e Jae ol LB 1 glad sl c\ad
0> Sisml @B bl 5 edd slal g3 pH el
L8] 258 U500 slad sl

s SUS eins St FAK) G55 St SLS
5 Sl Sl b I QU ol sedauls &S oo
0 ;S ile iy 5551 (b ;S Lo 55 as L& 3 pizees
FAK & ol 0315 0L [\Y] S s oS S EC s VEGF la
D] o JBEC (i 5 25 (o rles slge ol o
Syl S8l Olgea 2505 sbacdld o glaans s
osba Ao sl il sl ao s by oy e
4 Cpamed 5 3,08 g S Loand s 55 35 Go b Sl s
Lo S35 oS op 3 EaS 5 bl s 8 5k
Sl pl pesdle [V0] e 2L Oblew o B o
s o 3 s 23S Al B s L1 B0 s Shee 3555
Lol b s slie 5 gmalind slac e 565,50 55 iy ol s
gl el 6 oad el los S Slallas 5ty 535
DVWV] Xl oledl 55551 5 et 68 ol o L6
ol (Sis oped S Lsls 0L (Y1) O es 5 S5pss 0

AR

4o JRe

3L o5 S e e ez (uls YT Il b oS ol 540 0
Sy g O A3 e ilie 53 D By s ]
ol por & G5 Ba 3 Shes 5 ke 5 ) e (20050
13 Slatos il oS ol ol Sl a8 Y] 50
S S S, 53 1 ghtd Slals Klg e cobs 3 05
R N P It i B P Rt
oIRGB s abs o Mae SN 550 G slad sk
Ssp Ssslen ohsn Sos B Glagley 4l b
s Sl 50 Gla e s S e 5l Ao g3 A 3 s s 55 S
2 oshe ol [E] s e LSS By e B Glagslen
A28 I sl lad sk 2 5 o damn o 23S 3G
3 Shee 5 oy Sl pen 5 S B0 0 Mas L 3 8
Sl S a3l 0L a1 S [0] 55K Ll il 58 g
531 ks S Wl 5 e alis (ole Sl (550 O A3
- e S R N ™
Mo ge o 2alS el s [F] 558 8 lad sl
s 5 S g LSl Cd B 5 b 4 S pe o
SLusSb s el G Selusgen lad s IO
P - KRS S PPN AP
53 50l 555l oS len 5 oSS 5 Jalse 1 I3l
Ll or Sl S50 B slags e 535 5T ek L ame
S Sl A3 S5 S e e [
LSt Sl s O 5 esdle 5t Ol 5 S
S ol sl sl (S5 Al 586 LS 5 olant
<G x5 Focal adhesion Kinase (FAK-1) 35 St
Sl 555 V] S o 5l b 5 S 1 1385 wLs]
S S5 51 S e sl 58U ns g0 Oy oS 358 0 5T
TAD e Ll S5 3T AT o, 55

Sl VEGF dor Sl o slayySU 51 (gslas
b S50 FinEl Al B s bl 3T 5 LS s Mles
Ol Uil 5 Sl St oS a5 (gl 586 3> VEGF

Olo Sl 33l a8 Jl s 3 dal i oS KaS 55051 (gl 0 OF


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

\YO (Vo lak) YY 0,90 V¥ Y g3 pudi 9 3hayo () ol pasl galio g Cuabas alae

Sl ol ol (S Sla il 53 A (GaaS s
olKls a3 53 GO anaS Al b [2a sk cpl (e
odewsy w325 & BZMED.VCR.REC.1397.389 Nty Loy,
sanlllas (gl s bl Lol 3 4 -9 Lo
3 S S 5l sy gale aw dn o uVE GOl
Sad RS Sy pske oKl ALl Sl s
Shues S 5 i GUA Gsles oy S aw a Bl b
DHT) pyeimcilis 5 D) 2Ly «(C) Jlmd 28 1ns
(ain 535, 0) gluin Cois Gaali 2 S cop a3 055 o,
by g 0o S 058 53 S Jlss W3S 1l 1 HIT

LA e3ly OS5 oy peS

by W B,
bow U b,y 85l Ll 5l as g cidS 3
33 g ge Slllae i, b wcobs W gl oKl
Loss YY) (oo do)s £0) O g glde O ae aia
Loy Oie bwy o5 (Chhdas S Loy YE 5 55
o 3 3 S ag Olgol OBl oSS 5,
LS ©S28) e Ss5 58 5l VAP i 0303 Gouy
O 035 p S kS 53 p S ke Y0 553 G s (Sl
b 3l Ay (PH=E/0) JNse o/ Ol i 3L 53 el J
win S [T s Jles! glala s 5 oy s plisl el
Los 5l S e SIS Ol 038 2bs S Sl e
S el Sy 3 eslimal by oslaer Ol 03
23 e S e Yol NG 0 SIS C Bl 5 e sl
305 s sl 51 SU s sla; Olsear 1) oo

LA G

e S
&J"Q.X.AMD'*‘Tajjfd)u_}?‘wjajﬁjﬁdbp-\)\d‘}
el it sl 0l Sl 5 (555 adlad plondl (g0 g L ania

J:.A\OU\'uﬁpd%jbj‘}é)ol)wo‘)ﬂu&ui

o VA 552 b o, 5o JL sl 5 Shes Dt
SlaeliSslge ol SRS L i35 (a3 &S el 03l DL
Finil Kgy s ol Kl e bl 5l LS 5l W18,
T #Rios Dl el & Ad esls OLS (glarlllee 55 [V4] 555
oSl 3l ey gb odlae 3 1 skl STMRNA
S sl 0l s sanllas 3y ol L[YA] sls [2alS 5,08 5
S5l Ol sobme b ol CAd L sila e
Wobs s oo s Sl Caeal (8 e VY] sl
Cedls Sl (505 Sl 3 ¢ 5 Seokos ool sladon
mlo Olgeas |y 315 Olos 23105 (ol 5 5,15 5555 3131 ol
HIT) s sl s o8 ol o s o3 sl 53 &S 45 6l
O S tnssy a5 2550 1 8 ol g ol (Gla JSS5 2 51 S
Oloj 35mS @ az g b oS sy Ol Slidss .ol 4 S 51 3
sadl G5 b CUA L el el 4 s HINT
5 XS o Jolm (55l Oles 5 1y (s istae Y pens
w3l i Ol gy HIT Sl oslizad &8 Coils 0ledl 0l 5 e
@ O IVT] ol e ols & s Olsles (61 o 03 6
£35S 07 b b 5 s bl 50 &S A e B
CAS b pglde Dby o5 5l 555 Sl LS sl Dy el
2 HIT Jlsgmy ol boasl obs gladde 3 Law g
ools 0L ot @ oo Dl 2bS) e liS e e el
S HIT Gl S0 odd aw fags ol yo 1ol ollls
350 s g, LB Co e s FAKL 5 sl 551 Ol

2,8 S s p

L 2,
5 gl 2l Sl Slllas ¢ 51 S fagk
s o, sl e s ol Slides oS5, SOl i
osle Slidw S e sKile3T s 53 o2 sl tles]
alllan ol 3 s S plomil 0 (S ke oK lasl
S 5 Seeds il slie 5 Jrass 5s B S 5 J sl

B b ALl Sl LIS O il

UIntra Protaneal (1P)


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

e SLACT g ys Gl 3 duach o gL3 0 yad b cakia 1) ISa0 9 Ul

S I Gl dadsa (S S 08 Ll s
035 3, 5 (e <035 08 gl o a JalS HIIT 2,
Ve e b aRds 0 e 4 038 s s 0 S Sl e
slr (VO2maxas s Yo-fe cud b olp) dads 5 e
Lo p3 AO=8r Dus b pl s 58 o jed s 4 Sl ps e,
Loy K ain a8 g ey VY B s adl Cs
Sl wsdlea A 6lsl Sl b slaalay
S Dbl sladuy s Jold oS Jlad ol il (gladdssy
Glaalas Ole ;5 55 aids 53 e Ve Ce e L OB S Iy
ssbea feamen YR YO] (V Jsdr) s Jlesl sl
oS S b SIS e 5l 5 O Gl b, S

.[YO]Me)m‘bﬁemwo‘bﬁ)l}}&ﬁ&w)bé

\YF

D ad3s VO UV Sl 5 Loy Sho Cud g adds o
(s oaS b 0Ly SlS Ll s sl sl raees
VO LV e andr o wzin 53 55,0 D 5C glaes S
SRS o O 518 G p e b 5l 6l 4ids
O Odew,y Q}Aﬂ (S S sl S s el
ROt rb,dl L) o adey Stamls gl SAbely
U sl g ads p 2o )0 L Odigs o &S5, 5ba
S QLG 4B 53 a3 3L bl e, Swibels Ol
pde b (St Oloj ol a3lol O w adds r 20 4w b Jslee
S g sl 55 b Ol S Sl (g5 Oss s o, pUls
PR el 03 05,8 Sla o g5l b Gania (S S
5 sl aidan WIS and) ads s s, 0 Gl

F2e VWA Cell (Gongdome 53 atin A Oodews (MC‘"

(HIIT) sanid (o2 9L (3 pa5 IS3 953 -V J 9o

4 oS 5 0k 3 s B le e (a3 ) Ol B )15 C Rl (lakds V) osls IS0 slaas aas

(45.35;/)‘;.4) 4¢JJ| S

Vo Ly S hp ;3 AO-A 1 Jsl
\e Loy C o o ;3 AO-A \ £9°
\e Lol S8 Loy AO-4 A p
\e Lol S8 Loy AO-4 4 eoler
V g Sy Aoy N0 . oy
Ve Kl 8w o3 AO—4 s 1 i
\e Lol Co o Loy AO-4 VY )
\e Cdig S o ;3 AO-4 VY s

ol o e 5 i LT 5 0 55k Sl il 5
— A gl 53 s B 0 Jik:"":“:‘f” L;LAJ..;.LU'T ok B
mw&vp,mbfal{.mwu&>1J§6:,L~L54>,)>
Sl sl 53 L sl b st s e 5 ol )
el e3ls Sl 3RNA o 5 5l (6,8 J= g RNA later
Sz =AY gles 3 Jlsyy )3 e 5 e @.L‘ 0395 @
S S sl gl (lsa (S eIl Ol B sl S sl
NI 5 SETA Celu 5 6,80 50l (sials Sl it

2 Xylazine

bbb fall LT 5 (L 5 G S s
alia SL Lyl b badipas plad ¢ Jits e Jlasl Sl g
5 S Gl o T e el 1A L Ll s s
S S5 Sl 5 Gy b (il cell V6 B Y
O oy 4 (Vemg /Kg) Y 315 5 (4 mO/kg) ) pslsS
B O - Y SV | (R TOIOSUEE PR SV S
sl 5 A el B L S s sba (S5
53T Laids 10 Stews 5k Sle olKais bp e s

I Ketamine


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

\YY (Vo lak) YY 0,90 V¥ Y g3 pudi 9 3hayo () ol pasl galio g Cuabas alae

3 S w3y old e 53 lid A 4SOl BB sl
Image 15l 3 5lesliad b 2y (sbadil ganails as S
35 35 Oda s Glall gandls LS alee J 162
oty @l 5 B e o) b S Sand Wi

Ls S & (J 28 05 8 a0 Cad) oo (S8l

el Jodos

smbs Oga3l ) eslizal b baesls b w35 b5 e
Sl 0 el S eslimal b sl Ko 5 Sy
Dsm3l 5 48 S bl BT 0sesT 1 bl ko 54 52
bl I3l 5 5l eslial b Sllons dd oslial S35 s
ol Golssme mlaw 5 A5 elnil Y (gases SPSS
Al a S L 3 P<e/0

Laadl

S 3 ) by QW Sl a5 8 ey S 055 (xSl
sl 0ds SHLY g 53 (055

Dl o Siln o o8 21 0L b Suiloly o ol
Solsgnn Dl e il slaes S s e SIS
Wl as sls plis c,L:J P=2/20 N SFAYVANA) 505 54
Lo e SIS s ol bl Cel b
e A S S DL s 03] man (P )
Cuils b gxe a8 D ooy S a4 Cud DHT o5 5 s
(Y 5V IS (P=2/e0Y)

L SlSTS SIS ass b kEE SIS Ol ey plasl &
(Ol bl Olassy al &S 38) S8 oS 5l eslanal
S s V=Sl sl Ol 235 13 (g Seilul s
W ey ey o« FAK-D) V- 58 Sieas

A ngse)‘.b\

SN O s
oy Sl L Sl e e s e Sl A
Il g b sited 5 ey 5 0 atdls y 235 b LT
53 5 dezia (58 Bl =147 (sles 55 mle 055 25 2 e
Ol e gl S &1 LS sl =AY sles
o o demie Gl (L O s s 4 il 5T
S5 gekiS )lge o3 ) (1= RIPA 33 3L 2 ) s
Woer 5ss baids V0 Sdew 5 3 (LK) JsS S
chle s goslaer s mle e 5 LS 5k 5l
i S 3l eslial b ool s o5, sl s bapss e
V) s ol Jllis O 5l e E e 303l
e ol Aoys Vel b ST U5 s (085 S
Rad Bio =5,2) 55585 S0 olSis b W Jowz s
6> s b sl Gas p s s S SIS (IS ]
&l KL 5L Sl eslinad 3l da .l e (PVDF) W, 5k
ol @bl sl slas s 5l J >l 0l id s
Sa S Bl S h bl s e Slagns A 555 &
55 0sls G L el V/0 odaes 398822-5C US L S, el

VR g5 slac g S i gils g dudgl 5y 9 (aSilis (Shcwlio -Y Jgua

b})f
a3
(D+T) oy jei—abis (D) &b» ©) Pl-d s
YOV AEYV/N 0 ¥ A/AOEYV/ Y44/) YY) 0/AA (65) sl 35
YAY/A0EYY/ Y AERYARE: AVViX) YYQ/YoxYE/ 8 ((,)f) PITHNEY)



https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

...su@3xogﬁgm@3m@ﬁmmﬁziﬁ:g/‘,m,@mu VWA

500

H e

400+
300

2004

LB

C D D+T

sislgwd /o, S9,K 40 usS ;55518

O yai-cnbia DHT renba D g ,3u5:C slas g8 ju 93 S 9IS Ol jaudl -\ I
(P>O/05)D+T DJ;L.;CJ}LEb‘C Uﬁb_;;)wa

S —— 0]
"' KDal
125 KDal FAK-1

37 KDal GHAPDH

D ¢35 :C slas g S ju il i (s GHAPDH g (FAK-1) V- 26318 (Suisiun jlus ailicel ga 33T @l () i g w3 -Y JSib
sl DHT soubas

P=ev/ey) A Q:.'"L:..a\ﬁj,ﬂ 55, Ol 53 (ol g e oS by Ol a8 b JJQ)\)J.:M@L:& ol el
—Q,”Jl:‘.ﬂ\ﬁjjw‘u")ﬁ. Ol «S sls Omwi—dbyﬂw qwuéuojjf,;&;u\ﬁﬂwsmogum;:dﬁp
il (gl aae Jals D ejjf‘u_c,,_mjD+T Ujfﬁ\ s BN syl ssms ol pme Dl o eS
XY K8 P=2/007) ol Cel s Wl as sl ol cLu P=2+/+4)

57 ab

|_|

w
1

1-Cptlind g3 530 amd Ol
N
1

[N
1

M

1
C D D+T

O yai-cubin DT teubia D 1,358 :C slas g )8 jo olf o (las Gailieud g 53T (e Gl - Jsub
(P>0/05)D+T a};l{g&jwb C Ajjfb_c;ju:a


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

AR (Vo lak) YY 0,90 V¥ Y g3 pudi 9 3hayo () ol pasl galio g Cuabas alae

O s 0 p05] iz (P=4/+£71) 13 FAK-L 155
D a); & D+T a);‘)) FAK-1 u:sﬁ)’ QL:: aS sls

AY 58 JS.;) (P=v/vv)) ils L_;)\dem s 38

2.0
1.5

1.09

FAK-1 s Ol

0.5

0.0-
C

D

SRR PR | LS R 0TS W P PR W b alg e
Mdua‘jﬁ P FAK']. Ufi:jﬁ QL:.' C)‘j:x.: J':<JL:A
(P=+/v ) )F:VV/iO-\) ))\: S99 6)‘:&&4 quj U‘if“:

Oly 3 ol gme oS el cols Wl oS sl OLES zb

D+T

D2t DAT 1usos D 558 1C (5o 58 3 o win Ol (FAK-L) 3 9318 Suen S8 s ol -F it
(P>0/05> D+T hjj§ L: Q)L&Jb C oj‘)§ L; Q)wa

Obas 53 [YWV] 5550 Sl sladie 5 0L 55 o)
e O Sl s Jals Olpea il 3T sl
Aoz e Ol &S 3yls sgms sdaled YAl uS e Wl I,
Sl el 3 S (D LT3 53 S 53 SIS 535 ey
rl el ol (S SIS 5T S oS ol (PGK) LS
5 ol 5T 0T L elien 5 diln (2l Sulis s w3
s U b 5T il bl Yot b o il
Al o s ety Sl &S il sl 4 PGK oy 5
3 VEGF w288 [YA] ol 5l s 51 (5 8 IS )
o Sl s Sl Base B (S UK e 0T Cilaze
Slr S50 5 G Olge Ol oo 1 il 5T 0L
Oblan 53 Bos 5 8 OOSas 5 s S et 8l
593 S SHIYAL cdls s 5 o gedl sl 4 Ve
ol 3T Ol s (gl el Sl ey S 0k 02l OLES
e o Gl 5T 68 ol ot Sl Ll e RalS 3

(b sl o 5T s o 288 1) 55550 5 00 VEGF

Cow

Oblo 53 (B SenSisl ol )b O 6508 e 55
i opl Sl OT Loaas 53 St glacdles 2 5 obs
Slr i s 2555 Dl el Slg s plaS &S el - s
o ol Wl andllae ol 55 a5l Cubs 4 D O sles
2 b gl B s b 5T Ol Ll ae S5l
Fol gadlas oepl S E e J S 05 8 L alas
g 5T Ol I pme IS L B 55 ey slai15S
o sla s sasl B @ s 1 2ls bk ses B
et GBS b s b G 5 S o A0
Cenglie Conds 5 uls 53 ol 5T VL las S o
Oy Rl sa 1y bewdS ule 5 als Ol 1 o sl &
O,ea 5 Ghorbanalipour sy 35S # ae (5l g 53
53 il b cals Gl &S Wsls Olis s s (YFAY)
IV ol ol jon LB 5L eNOS 5 slsl o 51 05 ol
5 2SS Sl el ol el plnil Slalllas bl
Ol o ALl Silas 5 BB s Sl G e SIS


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

e SLACT g ys Gl 3 duach o gL3 0 yad b cakia 1) ISa0 9 Ul

s e VooaS s S 0l 58 (Y0 O 5 Ranjbar
Gk 5l agds 00 BV ol 4l e W e b 3505
DRI e YLl s il 5 5T 05 Ol g S
Sl 4 Ve slac; slaasl b 5 (S e gl
Sl o Jlisay ol s mls Koo L[] 2 sd e
L alilie 2 FAK-L 55 Ol o3 Lls gme S2l3l HINT
s A o a8 Gladdlas i (gt 4 ax s
sdalive (A3l atls , B o oy 3 FAKAL Ol 3555
Ol e 53 (YOA) O s Franchi 5 gy ol b Lis
53 s gme Siall el aglie o el atis Cota oS s S
(YY) 0L 5 Huang [r] 58 e Sdlas FAK-L oL
er S0 o G138, 5 VEGF Ol «S WLsls 0L 50
VEGF 0l _:als LFAK Slge 5 a3 5 1 5 FAK St
SUNISTS PR CTR A RN S SR (CPN | ') (RGO Y JON
S IS Sl gt ol b Cslie S
Jime J5S0 50 Gl & 1 0 5 S o o | ST
SO G & el Gtz 5l (S S
S5l 5 il e 1y Jske lis & Codl 7B o Sl
Sl S o e J s SISl 4 1 (ECM) sk 51
Sl 5 eds Jlas FAK ECM L 07Bl o Syl (2S0s
SIEwr e [FA] 355 0 PIBKIAKT e 0L lb
Wik o 238 55 aed b s Ol siew PIK3/AKt/ENOS
JC S N R SRR S S SPSTCIN | FE S RIS JPC g | LY
UL 5l Sl iy sladsho 5 Sas s I 4 e 2ol
Ldr G ,e Sl Db B LAl 4 i I (pl 5255
Ol sdp s o, 35 55 S8, 5 s
e lp amle el S Olsea 1 a5y ke
Slyssdme 31238 ks Skl y sl gla, sSU
Slhoarls (Sl pde 4 OS5 S hask
ol Sl s pb J slaause bl (S5
slo el o Dl Sl e Sos Ll e el
HIT 05 s SO dlisa 1 (St 3l 5 (S5 s 5
23S ol s eSS Sl sslinal piomen 33l e
ol 5o b 5 L8 e 50 Sl mSe ST LS

\YF-

5 ks |, VEGF JUiSww JUisl e PA2/P44 MAP Kinase

Ir] S o Joses LVEGF i ) 3
3ime Sl acabs QW Jlisay ol it s s S0s 5l
OLea 5 Clark Jass 55 s FAK-L 55, Ol s
FAK-1 ol [2alS Cel cols &S ol asls olas 55 (1440)
o853 s esls Olad glasdlas [YV] 55d e alS 3L s
oA sl SIS o 0 Bosladle Cus obS
2L lapSsy al Jlaal 25 0l FAK 0Bl 548
dior o5 e Y] s e Ol B glad g 5 Shes
oS ek S 1> a2t 2l 4 e S S a5 B sl
el o astls il w35 gl ol S e Ol
Clls zalS ol felge 5l S ke Jtls Ca2+ 5l 3l
S add sl JS sba 1] ol el wslis FAK
sbwl Jske 215 Ca2+ glachle i3l LFAK ol i
et 3 FAK s 0 a8 00l Oly iz VY] 255
Sl V] ol sy ol e
Sl s Jisay ol 51 s Ol o 5l 0L 5l
oS o osls Ol kaly ol 45 .Cudls (gls pme L2alS sl
eNOS 5 :liwl 5T 05 Ol Ll o golizal G355 op e
Oeomen (VO] a8 bs o, s 1) B sl
Sl e aS Ws S Ole (VoY) OLs 5 Zarezadehmehrizi
» oSl 5T MRNA Oy e ials Sl 55
Ol Gl ol 53 258 s AP Lol 5oy 5 Sla; S 5om
s Sl b 3l Va3, el oS A
AC SIS, Gl g e sl 5T 8l 5 VEGF
i 5b 6 6 s sk s o s onl LLIYO] AL anils
Sy Gl pn 3 b 5T Ol 2 (G3lpn o el axin
2 ol b el 8 Al el 0L sy Wl
Gl b o ol 55 sl s Y] sl ol g5
A4 a8 Al (Bl e 5o L) Sl Je b 5 o a5
SRS Sl 6 W ol BT B Ol > RS
a5 03 S LLHIT (s Jlisay alendly S8 =
Cohe e 8 3l 0L 3 Sllles 3l sl £, LSl

DAl el J3 s ade ey ol gl 0L 5 S8


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

VEY (Vo lak) YY 0,90 V¥ Y g3 pudi 9 3hayo () ol pasl galio g Cuabas alae

ol Rl
g Shlems e 5 sl Bl s
23S Slie el 5 s adle o 35l Sange
Shensa Klosged (b L OBk rags cpl el
Jos 0 15,58 Lad gl 50T (51 slsl Ola g anly SdS

8\..«:‘_,;)\.»‘
sy O8hs Sy il slas 43)57@» o oml s

J)\.,L;

S pbes

A g OB g b g R cal 5o Jle b

1. Mathers CD, Loncar DJPm. Projections of global
mortality and burden of disease from 2002 to 2030.
PLoS Med 2006; 3(11):e442.

2. Nakamura M, Sadoshima J. Cardiomyopathy in
obesity, insulin resistance and diabetes. The Journal
of physiology 2020;598(14):2977-93.

3. Lee MMY, McMurray JJ, Lorenzo-Almorés A,
Kristensen SL, Sattar N, Jhund PS, et al. Diabetic
cardiomyopathy. Heart 2019;105(4):337-45.

4. Bertoni AG, Hundley WG, Massing MW, Bonds
DE, Burke GL, Goff Jr DCJDc. Heart failure
prevalence, incidence, and mortality in the elderly
with diabetes. Diabetes Care 2004; 27(3):699-703.

5. Aronson D, Edelman ERJCc. Coronary artery
disease and diabetes mellitus. 2014;32(3):439-55.

6. Okonkwo UA, DiPietro LA. Diabetes and wound
angiogenesis. International journal of molecular
sciences 2017;18(7):1419.

7. Kirsch M, Schackert G, Black PM. Angiogenesis in
Brain Tumors. Springer New York, NY, 2004: 285-
304.

8. Otrock ZK, Mahfouz RA, Makarem JA,
Shamseddine Al. Understanding the biology of
angiogenesis: review of the most important
molecular mechanisms. Blood Cells, Molecules, and
Diseases 2007; 39(2):212-20.

9. Liang Y-Z, Zeng Z-L, Hua L-L, Li J-F, Wang Y-L,
Bi X-Z. Expression and significance of angiostatin,
vascular endothelial growth factor and matrix
metalloproteinase-9 in brain tissue of diabetic rats
with ischemia reperfusion. Asian Pacific journal of
tropical medicine 2016;9(6):587-91.

c)u‘é\mmdij)j&JJQJﬂeustge)_}J4.3&}‘)3;;4

s o OLis el !

.

P
S S 4o
Oy 55 SRl b cols Wl as sl 0L ol iy mb
Oy SR8 pman 5 S5 O s Gsluln 3T s
HHT 55 ol boss ol pon L8 Cor oy FAK-L 5
2ol Ll 05 S8 5 @S5 Fse slaals
M)MSL&Q))J‘)CAH})‘Q;&LQ}}J&

AEA

10. O'Reilly MS, Holmgren L, Shing Y, Chen C,
Rosenthal RA, Moses M, et al. Angiostatin: a novel
angiogenesis inhibitor that mediates the suppression
of metastases by a Lewis lung carcinoma. cell
1994;79(2):315-28.

11. Liang Y-Z, Zeng Z-L, Hua L-L, Li J-F, Wang Y-L,
Bi X-ZJAPjotm. Expression and significance of
angiostatin, vascular endothelial growth factor and
matrix metalloproteinase-9 in brain tissue of diabetic
rats with ischemia reperfusion. Asian Pacific
Journal of Tropical Medicine 2016; 9(6):587-91.

12. Chung AW, Hsiang YN, Matzke LA, McManus BM,
van Breemen C, Okon EBJCr. Reduced expression
of vascular endothelial growth factor paralleled with
the increased angiostatin expression resulting from
the upregulated activities of matrix
metalloproteinase-2 and-9 in human type 2 diabetic
arterial vasculature. Circ Res 2006; 99(2):140-8.

13. Schlaepfer DD, Mitra SKJCoig. Development.
Multiple connections link FAK to cell motility and
invasion. Curr Opin Genet Dev 2004; 14(1):92-101.

14. Sun S, Wu H-J, Guan J-LJSr. Nuclear FAK and its
kinase activity regulate VEGFR2 transcription in
angiogenesis of adult mice. Sci Rep 2018; 8(1):1-11.

15. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG,
Blissmer BJ, Rubin RR, et al. Exercise and type 2
diabetes: the American College of Sports Medicine
and the American Diabetes Association: joint
position  statement. Diabetes care 2010;
33(12):e147-e67.

16. Van Hinsbergh VW, Koolwijk P. Endothelial
sprouting and angiogenesis: matrix


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

e (SLACHAT § 3 (yhas 3 ek o 9T (a pal il Cachia Ha1S /(800 g Sl

metalloproteinases in the lead. Cardiovascular
research 2008; 78(2):203-12.

Dastah S, Tofighi A, Bonab SB. The effect of
aerobic exercise on the expression of mir-126 and
related target genes in the endothelial tissue of the
cardiac muscle of diabetic rats. Microvascular
Research 2021;138:104212.

Broderick TL, Sennott JM, Gutkowska J, Jankowski
M. Anti-inflammatory and angiogenic effects of
exercise training in cardiac muscle of diabetic mice.
Diabetes, metabolic syndrome and obesity: targets
and therapy 2019;12:565.

Brixius K, Schoenberger S, Ladage D, Knigge H,
Falkowski G, Hellmich M, et al. Long-term
endurance  exercise decreases antiangiogenic
endostatin signalling in overweight men aged 50-60
years. British journal of sports medicine 2008;
42(2):126-9.

Ranjbar K, Rahmani-Nia F, Shahabpour EJJop,
biochemistry. Aerobic training and I-arginine
supplementation promotes rat heart and hindleg
muscles arteriogenesis after myocardial infarction.
Comparative Study 2016; 72(3):393-404.
Zarezadehmehrizi A, Rajabi H, Gharakhanlou R,
Naghdi N, Azimidokht SMA. Effect of 8 weeks of
Aerobic Training on Genes Expression of Hypoxia
Inducible Factor HIF-1o, Vascular Endothelial
Growth Factor (VEGF) and Angiostatin in
Hippocampus of Male Rats with Wistar Model. The
Journal of Shahid Sadoughi University of Medical
Sciences 2020; 27(11):2063-75.
SherafatiMoghadam M, Salesi M, Daryanoosh F,
HematiNafar M, Fallahi A. The Effect of 4 Weeks of
High Intensity Interval Training on the Content of
AKT1, mTOR, P70S6K1 and 4E-BP1 in Soleus
Skeletal Muscle of Rats with Type 2 Diabetes: An
Experimental Study. Journal of Rafsanjan
University of Medical Sciences 2018; 17(9):843-54.
Sasidharan SR, Joseph JA, Anandakumar S,
Venkatesan V, Madhavan A, Nair C, et al. An
experimental approach for selecting appropriate
rodent diets for research studies on metabolic
disorders.  BioMed  research international
2013;2013.

Asgari Hazaveh D, Riyahi Malayeri S, Babaei S.
Effect of Eight Weeks High Intensity Interval
Training and Medium Intensity Interval Training
and Aloe vera Intake on Serum Vaspin and Insulin
Resistance in Diabetic Male Rats. Journal of Arak
University of Medical Sciences 2018; 20(11):67-75.
Thomas C, Bishop D, Moore-Morris T, Mercier J.
Effects of high-intensity training on MCT1, MCT4,
and NBC expressions in rat skeletal muscles:
influence of chronic metabolic alkalosis. American
Journal  of  Physiology-Endocrinology  and
Metabolism 2007; 293(4):E916-E22.
Ghorbanalipour AA, Motamedi P, Rajabi H, Karami
HJJoOAUOMS. The Effect of Endurance Training on
Angiostatin and Enos Gene Expression of Cardiac

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

VFY

Tissue in Type 2 Diabetic Male Wistar Rats. J Arak
Uni Med Sci 2019; 21(7): 112-122.

Zampetaki A, Kiechl S, Drozdov I, Willeit P, Mayr
U, Prokopi M, et al. Plasma microRNA profiling
reveals loss of endothelial miR-126 and other
microRNAs in type 2 diabetes. Circulation research
2010; 107(6):810-7.

Sodha NR, Clements RT, Boodhwani M, Xu S-H,
Laham RJ, Bianchi C, et al. Endostatin and
angiostatin are increased in diabetic patients with
coronary artery disease and associated with impaired
coronary collateral formation. American Journal of
Physiology-Heart and Circulatory Physiology 2009;
296(2):H428-H34.

Chou E, Suzuma I, Way KJ, Opland D, Clermont
AC, Naruse K, et al. 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 2002;
105(3):373-9.

Liang Y-Z, Zeng Z-L, Hua L-L, Li J-F, Wang Y-L,
Bi X-Z. Expression and significance of angiostatin,
vascular endothelial growth factor and matrix
metalloproteinase-9 in brain tissue of diabetic rats
with ischemia reperfusion. Asian Pacific Journal of
Tropical Medicine 2019; 9(6):568-72.

Clark S, Muggli E, La Greca N, Dunlop MJD.
Increased phosphorylation of focal adhesion kinase
in diabetic rat kidney glomeruli. Diabetologia 1995;
38(10):1131-7.

Rondas D, Tomas A, Halban PAJD. Focal adhesion
remodeling is crucial for glucose-stimulated insulin
secretion and involves activation of focal adhesion
kinase and paxillin. Diabetes 2011;60(4):1146-57.
Giannone G, Rondé P, Gaire M, Beaudouin J,
Haiech J, Ellenberg J, et al. Calcium rises locally
trigger focal adhesion disassembly and enhance
residency of focal adhesion Kkinase at focal
adhesions. J Biol Chem 2004; 279(27):28715-23.
Wilburn DT, Machek SB, Cardaci TD, Willoughby
DSJN. Carbohydrate-induced insulin signaling
activates focal adhesion kinase: a nutrient and
mechanotransduction crossroads. Nutrients 2020;
12(10):3145.

Zarezadehmehrizi A, Hong J, Lee J, Rajabi H,
Gharakhanlu R, Naghdi N, et al. Exercise training
ameliorates cognitive dysfunction in amyloid beta-
injected rat model: possible mechanisms of
Angiostatin/VEGF signaling. Metab Brain Dis
2021; 36(8):2263-71.

Franchi MV, Ruoss S, Valdivieso P, Mitchell KW,
Smith K, Atherton PJ, et al. Regional regulation of
focal adhesion kinase after concentric and eccentric
loading is related to remodelling of human skeletal
muscle. Acta physiologica 2018; 223(3):e13056.
Huang C-C, Tseng T-T, Liu S-C, Lin Y-Y, Law Y-
Y, Hu S-L, et al. S1P Increases VEGF Production in
Osteoblasts and Facilitates Endothelial Progenitor


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

VFY

38.

(Foglast) YV 0,90 Yo 5 9d ygudi § ala po () ) pd galio g Cuslss dlane

Cell Angiogenesis by Inhibiting miR-16-5p
Expression via the c-Src/FAK Signaling Pathway in
Rheumatoid Arthritis. Cells 2021; 10(8):2168.
Klossner S, Durieux A-C, Freyssenet D, Flueck M.
Mechano-transduction to muscle protein synthesis is
modulated by FAK. European journal of applied
physiology 2009; 106(3):389-98.

39. Silva Jr NDDA, Fernandes T, Soci U, Monteiro A,

Phillips MI, EM DO. Swimming training in rats
increases cardiac MicroRNA-126 expression and
angiogenesis. Medicine and science in sports and
exercise 2012; 44(8):1453-62.


https://ijdld.tums.ac.ir/article-1-6151-en.html

[ Downloaded from ijdid.tums.ac.ir on 2024-06-24 ]

Iranian Journal of Diabetes and Metabolism; Vol. 22, No 3, 2022 144

The Effect of Eight- Week High-Intensity Interval Training on the Expression of Cardiac
Angiostatin and Focal adhesion Kinase Proteins at Left Ventricle in Diabetic Rats

Ghasem Torabi Palat Kaleh'2, Abbas Sadeghi®*, Mohammad Javad.Maleki4, Ahmad Abdi?

1. Department of Sport Sciences ,Allame Gazvini Institute, Qazvin, Iran

2. Department of Sport Sciences .Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran

3. Department of Sport Sciences, Faculty of Social Sciences, Imam Khomeini International University, Qazvin, Iran
4. The Sports Medicine Center of Dr. Javad Maleki,Tehran Iran

ABSTRACT

Background: Diabetes can increase cardiovascular disease by altering the equilibrium between angiogenic
stimulants and inhibitors of angiogenesis. In this study, we investigated the effect of High-Intensity Interval
Training (HIIT) on angiostatin and focal adhesion kinase (FAK-1) in left ventricle cardiomyocytes in diabetic
rats.

Methods: In this experimental study, 24 male Wistar rats were randomly divided into three equal groups (n=8):
Control-Normal (C), Diabetes (D), and Diabetes-training (D+T). Diabetes was induced by the injection of
streptozotocin in male rats. The Training group has performed a HIIT program on a motor-driven treadmill for
eight weeks. At the end of eight weeks-- heart tissue samples were collected. Data were analyzed using
ANOVA and Tukey post hoc at P<0.05.

Results: The results showed that induction of diabetes increased the expression of angiostatin (P=0.006), and
serum glucose (P=0.001) and decreased FAK-1 (P=0.001). HIT significantly reduced the level of angiostatin
(P=0.006) and glucose (P=0.001) in diabetic rats. There was also a significant increase in FAK-1 in the D+T
group (P=0.001).

Conclusion: HIT decreased the protein expression of angiostatin and glucose and increased FAK-1 in
cardiomyocytes. HIIT seems to reduce the vascular complications of diabetes in rats by altering these
parameters that affect angiogenesis and blood glucose.
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