[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

S0 A8 Bl L) (Mg pd 9 (mas ) Jolgs (09 o5 Gl 2 (Foliul (i i
e S 3 e T S 5 (e LT e
VWA /00 by )b VFAA/V/ 08 Sl ps g

odasa
Ol 2 sips et BT 8550 0 bl (Jlpll il peae ;IS5 e BT 0y 5 Sidgigy58 Jelge 4 sl ouds (asie 1 B0B g Ao )iy
5 ok 2 A W3l G Glo T )lss (55, 0 sreliiwl (pyes atia A S s Baa b ol asdllas ool ply sl Sgamte (g0 aiSw JLis 4 Jelge
s Ll s 5 sla, 45 (FGF) codlig b s (NFG) coas 0, Lalse
oS (32 o +AISs g WS o JSUS 09,5 e & (ol job @ ()5 VN VOV (59) by S5 Wb 5 alo &) o Ko g S I By 9 9190
Adygd ol 5 e (6, atan (o Al iy gl 0 0 ad By e VAT Sy bgaiBa Ve -0 Sue @ alie cule b celiiul oy el 09,8 30D
pgdae 1) o 1 pad dadz (3T 5l o el Ctd g Jaz 0 Sg0ie 48,80 FO ae 4 (CCA) S jidin 035,55 )5 1 90 10 (5 5m0 4w Sl (0
0 6 Sl b, ol gt o o Real Time-PCR SS5 jl oolial L FGF 5 NGF 5 ol 5 0
UrS 05,5 a S o, ool ged (p=+/+ ++ 1) FGF 5 (p=+/+++ V) NGF 5 ol (e Jloline (2als csly (giie xS il oLti b slaasdly
Gololine jsboas s5ie s Gl 51 s |y by oolS gt (P=+/+Y¥) FGF 5 (p=+/+ + V) NGF 3 ol oo (cmalitil o3 ogdleas 5,5 wllos
Ll iolgal
oSl 3l (36 Sl 2l )0 Wlgie Ssnl 5 Sidsisye Jelse sl e ol 5l el (nyed ol (i adlllae cnl gl 16 S At
Ao Grals |y a5 cab oWt g asl ails gloys 51 y5eud
wsimMg e Ay Jole ¢ omas Ay Jale (g jre iSCw ¢ caliinl (1 pe3 19 alS

el 31 alg ool 85T ol8tsls  tmghy Ciglae gas Lol b BT asbibl 5l 7 Seiae idgh ol
\YAA - AVY-4yy a3l oyled (ol 093 ¢ 55 Sladlas adoes
o 0P RAIR eobe cpl g 009 > X g

cAF -YYYYA-VO u.a.L ‘u:'})j |o9.1.c 05; 7‘591...;‘ r:}l.c PRCERES jo)bl _\>|5 ‘sn)L.;‘ al)'l olKiils *W‘d )|9.l.: QSLQK" jo)bl M&o ‘.,u)éi

Email: htaheriedu@gmail.com

2 PES 5 Galigs €55 50 IS Glish €955 5 53l el dauds
() AR o 7, 00D u.ul)y as syl L;A.,JL\ S pnilSs )‘\ L;la..\..% S gorre (ASw) (S xe GQS_.M:\'I

b pbite (o lacled cul ool (et die a5 Cenlacine Sel9r98 Jlesl &5 S (oo 3Ibel, 1) (J9SIge g (oloon—do

Sl g o) BLdsn U (93 b iy S p sl 9 JobS pae gal—wg 4 Jol—w ploe il o 55 ol 5l

Aale (V) 09— i (e SIS jg SalS 4 Wilgs o P \Quuglf " Sl JLKw olT sla 5o, sla 2T

Jelge Jasws y ogdle wilgs so (28355 codlad cailosls lad oo 0,59 (S5eleil Ll i 0 (V) 0SB 0

Jqlﬁﬁ)OL@j)yapﬁijjj&‘@—A‘wu’dﬁ)b )lgr““buu"|d‘°)5c5‘r““’s“—'4°u‘“‘)y)‘s“—""

was sanld slacseme wizx L S5 o a5 il Glalais

Ol @l e Dl 35T oKl (@Dl domly ¢ SLadl p ke odSLiils (3305 poke o5,8 i) syl
(Jtn ooy ) Ozl @Dl oSl ST K5 @M) Sl poke 0aS2ils (55,5 pske 03,8 skl T
LS g T ey e N B T g W [ N e PO S S P Py g IR W

! Excitotoxic glutamatergic signalling

Y


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

WAA ot D) ojleud ¥+ 09

By pole Slalllas abre

OV A8 AT wlosls J13 ol 8,90 1, axSw 5l 56 sy
@hme Slogise (F9)58 sl G20l g sy po (g loline S5t
oSl G )3 almlr lacoled aie 5o 2T L
aan Y —f)lw‘wm(\A)MamLmeﬂuﬁye
23,5 A5 2lds 00 oSl 2l (Sl (595 S
axlge oSl b jie Glboo S )5 dloil 4z Bo £ Soe 4 S
Slaidl 51 G (6,550 gaddllas (ol ul L .(V]) Wiog 00
Cellad a5 aled; )0 oS Wl e el ke Sle S5 e
Y +) s odmlive w50,S a1y gagals L3559

Cewl 00l sols ULM..: Lg:‘},.} 9 Lg:L.M.:‘ L;LbLgio}a)‘T 590, 5O
(5 Gase Sz Gl & Sae Wb (55 Sl S
AT A) 0gd o0 oo (s hlisie (g 50 35505, 5 23S
Cadled a8 4y 330 (65,50 e Siali8l Ol cpl cde ()
Gds Slge Jrgon OlSal (5 b3l Dlnds al iy el (o555
WS oo w2l 3 g )s sl 6592

Ok 2 =255 e Glayd BT (o ey Dlalllas
so0 5l o iyl o ehs a4 2S5, g (emae 0 else S5
S 51 ey sreliiul gy o3 dian Clle Pl s Bun
L2l by ol5 5 oo, calS g ;> FGF s NGF - 55 o)L

0,5

WS Uligy 9 9lse
b Lo ey 5l Ll (b, Blad 4 —ole agyy
251 80l —dlaty wdus S5l g S8 09,5 Ly ygeslm
YOV (559 csamelds j0 Jliung ol 5 olime &)y ;Y olaws
45 (=Y @il 505 09, a4 (Boluai jsbods p S VY ¢
39 Sllgar 0l s (M=V)  geldinl () ped +a3S0 9 (N=V)
YY-YFCO clos b oad S oo 5 Slilgem o539 oS tyle;
el VY Y So,b - lidy, a5 > 5 ooys FO-O+ Cusb,
lid 5 T @ anlllas Jsb o b, a5yl frad s (,l0gSs
Sl & by e )5 anlf i Sl ol o 2s (o5ashe

7 Brain derived neurotrophic factor (BDNF)
8Nerve growth factor (NGF)

9 Angiogenesis

10 Basic fibroblast growth factor (FGF)

T Subendothelial

Y

5 Sl o alS 5 5 T auze Sl gt (S o]
0 ¥) 09 yzeie 50,Skae 5" o Syl g

Lis )0 (cage 23 ‘Auwéﬁfﬁ)ﬁj L Sdg g9 Jlse
Jalse (ol (B) 25l bayg 957 il 5 oo o) Bl
A, Jale 5 "BDNF) s 5l 5o Jale alox 5| Sidg 5
2 63k oo & NT-3) ¥ g 9,55 5 "(NGF) oae
oo a5 Cal 0l 00ls LS g Wgd oo L i g ualS g
«2h09,5 Il s b (—as slaaSeb S
sl 92ly 5 s (S2LSo RlBl caled )3 5 (2lpml—
(A V) Wsdie (Boye —(sras 92 ly S o

13, NGF 4 BDNF 50 5 ol Gtalsél godnte olollas
Sl slagosesl 1o (23555 slacalled glsil 5l g 330 5 05>
39 Sl oal ool (i (VY =V ) Wlos ST 5158 Silem g
Ol ivgy 03l plonil ()9 Sullad oS ol o (slatge
sazs iy oSl ol §l ms |, NGF 3 BDNF
Sl pon g sras i b Jelss nl ol Oliee 5 09 s
ol OF YY) cils bLs ) - 8 05,5 b anglio o a8
Sl0s> sal> e 50 S99 Jelge (taldl pelas Ul
2 oksaly Gor bl s Sl Jloslosily jsb 4 saze
() a2 oo iali8l ouls oSl (sal (5550 (e

2 Jebsnl gladsbow ;255 5 23S, cormb Ll 0 o
(o9 Codlad @ wly 10 092l L () el Sl Ll i
oo Slsilie sl (0,5 00,51 sl (s34 8955 e
alae (S noe (0515) JBs Gl os—bioe (G550 o
Olye b aaz oS pge oty b lacdly Koo 5 (8 (S
$lodsbe & 2rlee 5 iS5 L 35050 anl 05 e ok T s
OB 99 9 095 Wlgz S 90 g 0ab g9t JLbigul
oo« @3S, Jalse 51 (Ko (VF) 0o 35250 slaS 9
A, 00lgils g G oS ol ' (BFGF) aly cundlg yud o)
g al gliae wbFGF ( anb il o ool cdlg b
590l 925 So> slas, N Jbigailn; Jske 7)1 Sl
Jaie ©)go @y ll 4l sgzg Gl el sl o5 Sl U
00) wibe o 3L Le oy

2 Ischemia-Reperfusion injury
Infarct volume

4Neurologic recovery

9 Neurotrophin

¢ Plasticity


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

hen 5 Lol s

o oy (Mg b g (uae 18y Jelge (ol 0F Ol g (el (05 ]

v (O-Ymelkg) oLl o (O mg/kg) (oalS 55yl
lir (ogame (8 bawgi (50,5 45U 51 0T Gupes 50
i blol U g 4t LT anmaz ool y> o 5l oolizal b .o
o 99 4 b 51 s (22 &5 bawgs ol he o 5 )5
39 Aol g o e i 3 el g 00 s
205 demie mle (395

Real-time PCR oSS ) oolawl LFGF ¢ NGF (3 Lo
e g S slags GlaeS sl Giovs Sy ad (o
Ohgy ol s oaliu] aibin] IS slawglie g, 51 () Jgu)
ol g aode sk 4y 28y 5 4 by s ol LT 6l
L (GAPDH) &> 5s o5 5 FGF 5 NGF) J155 5,90 (35 ¢,
O d0 5l co DSl a0 b L) aod Ve 4 S0 LS
Lab ,.355 PCR (Foster City, CA, USA) o5iws (49,0

Qiagen (RNeasy Mini <5 ;| RNA gjlulas sy
oolatwl 0ujle &8 1 Jeadl g 5.LKit(50)- Netherland)
QuantiTect Reverse Transcription Kit cDNA oS .o
Jodllygiws 3 cDNA csls 6l synthesis (Qiagen)
BIO RAD o 3l ., o oxjle &S8,8
5 Ol Olie g Soslail 61 (C1000™Thermal Cycler)
pll dl> o aw o oBiws ol )8 - Sley sl s ool
s DNA Gla oS0 (0l 0,556 4y e a5 Jol al> o 030 5
W glos ;o 4880 0 e 4 w3 Sleidy w3l b Jlad
AV e Soe a ol )8 ol 4> 50 A0 pgo Al o ol 5 sl a0
9 loie S FO (gl asli ¥ Gaw w0l F colh ax 070
00 Sjgo 4 09d b SIS v pe i S (25 s4l> 0
plol 4l & Sae jo a0 <10 38l L ol )3 il 4> 0 A0 6
sy, Sae Ve ol o> o Real-Time PCR glo _zuSTy .o
Gloske 51 ol gasllan o wins abel Sl % clacyly
5B a8 ol oolaiwl SYBR-Green pb a juw Ciw yo3sls 5, L
as)S 1,8 slas) 99 DNA JsSlge Szss [l Gloo jo ol
o s y35918 595 W98 Gl ST piiin ) Sty g3sld 555
G yauly Slaseine 04l PCR Jsame odsi liue b pwitans
ol 00l 5,155 Y Jgaz y0 colaiul o,g0

ol5T olfzils B saiaS b @ aslllas opl yo « aEiolsj]

6m6w161)_3d195+m5m6m5;)o
Ookl; 5 O-Y - mg/kg) (alS 59yl b Lo bl 50
S39)5 S s 99 8 s NS s (0-YMg/k)
5leds 4 Sly caac g w0ad ol5T 0953 a5 amin | S 5 i
A58 S o w90 o daldl o000 )8 e a5 S
Sy >y (slo T 5l oolainl b asds FO Cow 4 S yiie
33 09 bz sazme )8 0l B (93 b s
(o Jee Jsb 5o b anl ssslice b a5 slacs 5 o u
Sale 5 ptans G jloola il b ey (gumie &l a0
o, od e o Ksle a0 YEOE /0,0 (50,0550 eudais
A 0ile 85k sgx

AJ;S.M;LgLEJ‘ )‘UM.: celw VY R oj)f L;Lmi:) aolol 5o
09,5 ol .o S ol 1) covine sl ul ol pas azbn A
b gilobsl jakiie 4y glite > ¥ g atin o o (oS
ol 59, SOl s 30,5 el 4B IS VAL Ve Do
VTSR PRI LE-Y SR SV E2 A PSRN S L S PRI JE
b e ST ecn ol 09,5 sloc, yo L adlal Lol cule,
30 Aoy JRo o 9 4830 Ve o 8o p e VA Ce b
Wi B e Ve Cae i 4 0ald jgbdy 5 g9, Jol (saian
3 Gt ey A gaian 0 a0 VO e b aiBo 80 Sus
eV DS Laado ¥ Saea 0,5 p,5 (ol o yed
A58y 5 e V0 So b baide ¥ o a ol JLss 4 g aids
ub‘p‘(sl,a1d)oq6|).>‘)‘auuo;oﬂ)9mdqM‘Pl
4380 Y Dl e 9 48D p e VO Salb bdads ) Goe
SeplS jalaie 45 .aiaugd 40,8 le5 (g, ABBy 1 e Ve DAl b
s eolaiwl Sy sl p8 Hadle 5 50,5 eed e

5 &z Sldes (atia A) (oo 505 0590 plasl 5l (595 90
3l eS5 SBlio (550 Gy Llas, L85 Ojso (A5l

ol imgi ;0 oolatwl 8,50 sl pesly Dlasin 2()) Jgus

sl pb roln JI Op) youlp Job bp) Jyame Jobo
Forward: GCCTGTTTGTCGTCTGTTGT Y.
NGE Reverse: GCCCCGAATCCTGTAGAGAG Y. Ny
Forward: GGAATGGATTGAGGGATGTGA Y
For Reverse: GAGCAGTTTGGGTTTTTTGTAG Yy n



http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

WAA ot D) ojleud ¥+ 09

K55 psle Slalas v

Forward: AAGTTCAACGGCACAGTCAAGG Yy
Reverse: CATACTCAGCACCAGCATCACC Yy

GAPDH

AR

28, S ey S

GAPDH 4 FGF NGF slagy; w93 4 by e slo,logas
90991 giorie ST ghyld 4T Wload axine VUV slajloges jo
s e plas |y bl colans! Jlas!

sloolaiul b b il jlg uilows g bosls ay 365 (990 (oo

deglivo (sl 2855 18 oy 3590 o) 5 Sy 9mld (s
> ANOVA) &)Ly (il ls (5031 51 (29,5 G o5l
&ybolire Dgles a5 We o oolaiwl +/+ 0 (5 lobire mlaw

O gl e 318L (gl Al ool gl Culld 992y

Melt Curve

3so000.0

30000 0

25000 .0

20000 .0

Dervativ Reporter (-R)

1so00.0

10000 .0

sooo0.o

&5 0 7o.0

75.0 so.o 850 so .o o5 0

Temperature (°C)

NGF (5 ©9d (coun 1)) Hloged

Melt Curve

10000.0

2000.0

S000.0

Derivave Reporter (-R)

<4000.0

Zooo0.0

e5.0 7o.0

75.0 s80.0 85 .0 20 .0 o5 0
T S0 .99
Temperature ("C)

FGF (5 93 soxia :(Y) Hlog0d

00


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

Sen g Ll e

o ) (Mg b g mae Ay Jelos (ol ann o] Gl g (el (e

Melt Curve

39000.0

34000.0

22000.0

=

P 24000.0

=

=

=

=

=

=

-

=

§ 19000 .0

B3

=
14000.0
2000 .0
4000.0

650 70.0

T
Temperature (°C)

750 s0.0 850 @00 o950

=1.12

GAPDH 5 Cgd oo (V) Hlogad

P NGE 55 ol gl ol plis aads o 93] @l

0955 9 P+l 1) JyuS 09,5 5l s loline joboas A 09,5
Ol Oliee G 0929 (Rl b 02 oS (D=1 0 V) 0 el S
Ssloline Dglds (o +iSs g 5 (glrog,S 0 NGF (5

(Flogad) cuislas 0929 (P=+/110)

0.007
0.006
0.005
0.004
0.003

0.002

Normalised gene expression

0.001

celS g 0 FGF g NGF 5 Lo olie j0 wls olis aal, G

p=rlee V) Sl S¢>9 L;)L)L;.m s_AjLGLJ L(boj)f O Sy

4w ARCw + 93 905

leng 5

oty s 5 S oS lomg S 4 (eSils £ 3 aibi] Gl NGF 5 le oz 1(F) 5l0gw03
P=+/++V) a&Sw 09,5 b loline oglast (P=+/++ + V) J,S 09,5 b jlolize glas

s


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

WAA ot D) ojleud ¥+ 09

3 pole Olalllas dloxe

(p='/'\‘\‘) &S...;oj)f)“ L;)L)L;.m )elad\gd\l_iw+d)oj oj)f)o

2 aalllas 0550 09,5 4w )0 FGF 5 (lo lie 09 it

ol 00y 110 5g03

0/000016
0/000014
0/000012

0/00001
0/000008
0/000006

0/000004

Normalised gene expression

0/000002

0

5 FGF (5 ol e 0l ol 4 o (9051 b
s9oas =1+ V) (pyed +aS g (D=2 /¢ )) S (slog S
FGF 5 oo olae codleds 090 208 [0S 05,5 5 (5, loline

#
*
4w A + 093 905

e S g 48 oS sleg,S 4 (Sl 5 uilinl Bl FGE o5 ol olsee 1(8) ylogs
D=+ 1Y) @S 09,5 b fobine oglist (pmv v+ + 1) JyiS 05,5 b yloline cglis 3

C"L"’ L QUT slbasl 6]5 ol oolaiwl [‘,Jl_..; u_Jl;|9A.> )| R
Sl SlyFen Lo tags
Ol Hlolae iolidl ol> gaslas gl b gawcan ogdle 4
5 59 polae Jbolxe Giolidl Yoo F oS g Ko (Y7 -VF
iV Cdlaie |y jae babase puz 5 55,55 .0 NGF 5 oLo
g dlawil b slocs ) yo 10,5 les (g, yaugd 4aBo Ve ljg, g
wan £ ol cizen (VY) wolbs flas Gl S )5 acl
oIl cobe e, jo lawgie wuld b gweliiwl Ol el
S (YF) cwl oo ol jor glw s isn )0 NGF (5 oyl
g Ollg 509 Hlams coad oolaiwl g yod Al £95 a0
S ol asdllas 4 Cod b iagy (nl jo g Seslasl (b,
28l e goo )0 YV gl Y oY Ko 5 ST
Odugs 4 VY 5l |y glee S y5 s slasl 310 oals sl
55 ol Gl allln ()5 S BT Las, o s,z
s ools lis 5 bayg e olass g NGF 00 ,.5) p75 NGF

Y

&

WEW)

Cilyy ol wl oy yo aian A gl 2l bl gl o
Slom by (oS s NGF (5l 5o s blose (21581
Ol 2l ()5 o ped (@ly 55 oS Sl (555 xS W
2,5 Gl |y gyae S sl 51 o NGF 3

ojill.g )51941\ =239 cdbs LS‘)-?‘ aS Wlosls QLM..: Oladlas
e Sl 18l5 | Sedy g5 Jalse 5 o1 6T 3o,
9y Gl g0 A o) o 4 glaadllae 0 Yo VY o S
P sbgbys cwlSsmn ;0 BDNF s NGF (55 ol oo )5)lss
Uil Cge o ped axan A a5 olo i oLl s aslb
3 ok 2S5 5l (LSBT, (25559 collsd JI o NGF ol
aiianils MAPK v eilSe 3,k 5l 550 | jloailais slaguSs
NGF o5 ol 5 (oS |51 2oyl (al8l lagio (555
90 oyl o a > ST.(YY) woo,S )55 1) La, calS g 4o

!Dentate gyrus


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

hen 5 Lol s

o oy (Mg b g (uae 18y Jelge (ol 0F Ol g (el (05 ]

) omial33l e las (VY) Sl 00 0y oo sl Jslus
3938 (1Pl cge reje (o859 Cllad I ey Lacntis
S —— VIV I I it (g5l G AT g oo
50 a8 Cawl ol lad s Sldllas il o Sazme Sl s>
NGF 3 BDNF gl (53,9 b oo (g5Lwoole] i (slosbge
Gl L a5 b oo il saome (Gluy 95 - (oeSnl JLis @
OF OY) Col olpon angls pm 2als 5 Sy5sls,e YD

Sl Cilee ey, oS son FGF 05 o)l olins ialsal
KA TR BNUC ISy WP JOU B ENNPISIRET S
Sl (25555 O ped w057y (nl b og ol saddllas slaasdly
b gl @l gy S W 310 FGF (5 oLy tals
el FaS—w 09,5 10 FGF (5 (ol a8 555k 4 00l 551
g S plle J5S 09,5 4 S

Selse 2l (6,505 aalllas ;3 Gimigly (nl gl g
OIS 259 oryed 50 &S 18 5l s (VGEF g FGF) 33590551
Syed 42in Vel iens S5 aalllas o a8l L (YY) el ons
0391 50y gl ;o FGF (5,503l g o0y oolail seglin
Jdo anlllas g0 sla Sogesl (09 Hlows a5 04l Jlesis el
Sy o0 5 s e poliol (ol il sl s @ bl LSS
e 5 (35 Ol (Rl 0 (3555 e 2B el (S
5l it e slagiogesl )0 FGF ooy

wliee olom 4 (23S 35ml sloasls 5l (S FGF
OFse y 9355 (e & gl > FGE (21581 s s, 0l 5
(2iS, sl o il OIS, sl e ialidl 4
N> (39,0 JSiS carge & ai—s Jalye 5l (sl gone
(Sealdgen slog s ((uSonle Jalse cal (n St Ng—dior
(NO) wLaST S5 15 e Fg e slvoaisS glusl dacogilio
OF) ol o iS eloil g baoyS gl Sy o e oLl
Lolyd o cul QS Jelse (ll (Lol Jle 5l (o Sonla
OFeST 09005 & 23506 loais sloJolow (oS gala Sl
057 Ok glad s 4 polo ragh ladiges o e sl
Sl e 5 g5 S e slaS 2 s sl (5L
45 0ad WS (s3ae sladshe )3 (S gmla (ualiiul Bl o5
Jole MRNA 5 (2259 )3 1) (o2 BB Gl Sondg )
5| ilise glgil jo a5 aas o &, THIF-1) oSgen oLl
3l HIF-T St LoS 0530 0l oy loibns sladly
69, 8 |y (oSonle a4 oias STy olie WS oo (55 5D
3945 (FF) anS SLulis )l 15 avn 0 a5 Gun slag

VA

) et byl e cblis o Llioss o] el ol
sgbar (OF) Wols Coai 150y9)3 sbagmds g ;50 9 NGF
5 ol 5en NGF e o ialiil (6,50 anlllae o o pol_ie
S35 o9 9 L Ol i aan A 5l ey 359,95 S 28
oo, b3 Shee » 653l (Jy w3 )S (35 ol 5l
S 5ol g 3559,08 Sy 25 oS il olgidey T ol
skl s 50 5ol QU 5 alidl y saiess s BT a5 c
il g il a3l e (glags lans 5 siiellw asile
3,05 6,8l Jlos o3l s Wz ae gla sk ads s NGF
(YY)
o 09 glalllne Lyis YV F o) LSan 5 SOLix ioshy
Job sl NGF 55 ol » 6,80 o 5o oo 1l ol yes
Sy el S oS 3y atin ¥ anlllas ) 48 iy pa3 (g5
(YA) el 0095 B NGF 55 olo jo jloloe &l s olox]
SIS (g el e 5o adlllae 5,50 lal) ogdleay
il San 4 355 L o solitas] b5 el 5 aszh S 13
ol bl oads ol agh L ol @ls & plie v Jalse ()
Jelse 2 (5559 Sl o3 (NS5 6l a5 3 )5 952 Jlao
3k kS oRg (s ped slreyed 4 Bl (solen ;o )0 (g8
Cge (559 Dl el Ol Boyb 5l 85 coiilsle (5256
el 00 et (9% 4 900 i 9)98 Gliee Sl
5559 Cellad @S wlos S 5155 ook Slallhas v925 nl L
3l clblore cozge Lacydy gy (Rl Gayb 5l ol (Ses
Sazme S,y — oS! 5l (iU slacawl ol j0 lacyg,e
C2 g iSihe (Shg (IRl 2 (93 laindy Sgyei 05 (ke
s> 3 gl Slalllas b w3l 5555l 5 3355,95 SRl
S oo Jutgens 1y o] 3 -l NGF g BDNF a5 wlools jLas
il 9 (mae SlaaSed (g5 Jelge cul (10 VR)
Slapianns 5| clbloe coge Guizes S g sbnl ) (6
Alosls ylis Olalllas ogdledy ol wialy> (330 B9y g omac
Bel-2 oalgils- (slappntig » peie il b logdy ig)oi a5
iz 05 2lsS il Seletisn Ol )0 e e
el o 5550 Sl 6l e (03 JUeb 50 BDNF
a5 oo s e ogdledy (V) 04 0 Bel-2 Ly 58l
oS sse CAL 4>l o Bel-xL patig s s MRNA rola
SIS YY) b oo (38l by o5 82,55 b ol e Shse
539 4580 33z 3l oy NGF 3 BDNF 5 zsla s o 003

5 s il jo o jsbar b3l al e (2l pole

2 Hypoxia inducible factor-1


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

WAA ot D) ojleud ¥+ 09

By pole Slalllas abre

CBlae lusl Sl alae BFGF lade a5 oa i ools s

B iS5 0 Lol oSSk slesin ¥ US55
o= 095 DFGE jladie ¢ pimman (V) Cls (6 uuss b ai o

S e g Sl sl gosesl )o (Sieglie (n po atin O
Ol 58 et Led Ol o3 5l e &5 (6500 saalllae yo (¥ )
A 00 (s (el (2 yme 50 Slahge (ol g (]
3 gl (YA) oy e ¥ by pad (go90 Jsbo sl 0929
e 5 Lol Gos el 5 Lo gogasl 58wl po3 (5090 Jsbo
LYo alaz 5| (ool gan Llie o al_ic) FGF (553l
ol o il 5ol sallan gl L L sty ol L
4y S ot ol ain O B F b oy e csloasli Slalllns

O W e S FGF e 50 (6,138 51 6l o) 0
b ol pod ay eS8l o Jlolire &l pss slonl ol p el

il 5l aae B 51 5 Sk (slaeygs

SosSdalis

SIS Gy (3559 005 bl &5 0 o0 IS @ (i
FGF 5 NGF 5 sl il ol, 51 Lo, 5o (s ke 455
WS L alilie 5 Sz w058 cozge (ol Tsmn
Ol wobise low nl Sy Wg) 9 (ae (Sl b
St coge (Sl o ped e I (o859 Sllad 2dS
Sl (g s Gl (2lgy98 Mgy Basb 5l wae lag)ss
el 50 D9b e S ) Gk 5l )90 i Slse 4 e
Oblew lalpd yoss corge Wlgion (5559 (n o5 S0 S
S5elg 508 Cumdg 4 S5l bulpd 5l sihe S 4 Mk
SISl gogo 5 585 slo )Wyl S0 sl (Jlonl b oo 5
@ P (o559 Sellad Dah g Gliee (rizmen 5 ()9 Sulled
ol 5L (i (goads J yiiS Slallas

oy g S

)| ol )l Lo e (gl8T Loy asbioybly 51 allie oy
ool ST ozils o Sludl pole soSiiils (ob3,9 (599905
e el 0035 2 y5eaca T ATV EYTAEY 10 05 | w301 g
Wil @b Giegi l @zl o ly b oS GluS als ) alewss
Ao Joe 4y lojad g Ss

4 Collateral circulation

14

FGF 5 VEGF Jxe 135, Jelse o) (i) c—w ol
S, Jelse ol coge &5 (Ssmla 5l Gl o 09t
ozl elgil 5 Sly (ladis G g (e (Ao 09 b0
(YY) canl wglaze

Sl olyod (93 0l GRlPI L (3559 lacdlad plxl
(oo oyimadl) (Salizogan slog i slowl el Wlgs g a5
Ssloe (Senldgen logpd (oBp oyl 1 polaie (VO) 095
ol b g% plr SKEhol jlas cwlas ) o)l55 g0l b
T e e e e
505,52 NO ohg @ (5,0 laoonss elowsl i oo
oo ol as by e i o S, a ol i8S Coge
5 b il o3 & 5, s Skl s (B o
S3ladld Bosb 5l (B oyl (TF) 29 0 1S ) (B9 pmlo
5 9P cage (ool UL ohg 4 S slaJUS
o 5 (g5l b o Sl yeais ) a5 00t NO gl
20 03l i iz 03,5 g0 (530 else (5315 (oS
rge V3 (oo Kl glaoss o5 Gk 5l (—bp il &S
s Sale yo 5 0 (Bgye JLligwil la sl 5IDFGF (L
(¥Y) 098 50 FGF o133l &

o (395,53 355 Jalge ol IS Y 500 )
Sl O (Selsibin slajls 30,5 00,510 Sl s320 325 395
Pl e @55l Sl Goe SRl (nl cde (YY)
30 0 ATP o dglie byl b opl jo ol (0555 <odled
ol Slllas g o (239900 Sdgi crge 5 a8ly (58
gl (b w8 el il ialidl (g0l a5 asleols
ooy Jolse lo Gl 53l Jol ol dacdly slaS
S5 Saled 5o 5 JLbigail sl sl ©p2los 9 2S5 2l
(YA) 0900 a2 B9,

Ol 35550551 Jalse 51 (3l g )il Sl g
2 09l S oo o8 |y Laig 58 Sl (5598 (30 Slge g5
g e 55 oz Gl L sar oS S
PN Saye 29 o (oSl oy Laulpd 1o (e ol 1alS
288 el T ol 093 ol Gl (oSl et 23S
P oad o8 )l aml 50 bl oiag 4 jhe 5l e bl
i os g |y (omas SIFSL S Sl oo

Olise s pas cdllas (pl )0 ool Caws 4 dzes S

(Fe YU TA) canlonds ()58 (255,59 o 4 el 4o FGF

3 Shear sress


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

WAA ot D) ojleud '+ 09

K5 psle Slallas dono

References

1-

Mehta SL, Manhas N, Raghubir R. Molecular
targets in cerebral ischemia for developing novel
therapeutics. Brain Res Rev 2007; 54(1): 34-66.
Yasuda H, Terada M, Maeda K, Kogawa S, Sanada
M, Haneda M, et al. Diabetic neuropathy and nerve
regeneration. Progress Neurobiol 2003; 69: 229-85.
Hu G, Barengo NC, Tuomilehto J, Lakka TA,
Nissinen A, Jousilahti P. Relationship of physical
activity and body mass index to the risk of
hypertension: a prospective study in Finland.
Hyperten 2003; 43(1): 25-30.

Liebelt B, Papapetrou P, Ali A, Guo M, Ji X, Peng
C, et al. Exercise preconditioning reduces neuronal
apoptosis in stroke by up-regulating heat shock
protein-70 (heat shock protein-72) and extracellular-
signal-regulated-kinase 1/2. Neurosci 2010; 166(4):
1091-100.

Zwagerman N, Sprague S, Davis MD, Daniels B,
Goel G, Ding Y. Pre-ischemic exercise preserves
cerebral blood flow during reperfusion in stroke.
Neurol Res 2010; 32(5): 523-9.

Deister C, Schmidt CE. Optimizing neurotrophic
factor combinations for neurite outgrowth. J Neural
Eng 2006; 3(2): 172-9.

Wang X, Zhang M, Feng R, Li WB, Ren SQ, Zhang
J, et al. Physical exercise training and neurovascular
unit in ischemic stroke. Neurosci 2014; 271: 99-107.
Kochanski R, Dornbos III D, Ding Y.
Neuroprotection and Physical Preconditioning:
Exercise, Hypothermia and Hyperthermia. Innate
Tolerance CNS: Springer 2013; 105-31.

Dornbos D, Ding Y. Mechanisms of
Neuroprotection Underlying Physical Exercise in
Ischemia-Reperfusion Injury. In Tech 2012; 299-
326.

Zoladz JA, Pilc A. The effect of physical activity on

the brain derived neurotrophic factor: from animal to

ay.

11-

12-

13-

14-

15-

16-

17-

18-

19-

human studies. J Physiol Pharmacol 2010; 61(5):
533-41.

Hillman CH, Erickson KI, Kramer AF. Be smart,
exercise your heart: exercise effects on brain and
cognition. Nat Rev Neurosci 2008; 9(1): 58-65.
Ding Y, Li J, Luan X, Ding YH, Lai Q, Rafols J, et
al. Exercise pre-conditioning reduces brain damage
in ischemic rats that may be associated with regional
angiogenesis and cellular overexpression of
neurotrophin. Neurosci 2004; 124(3): 583-91.

Ang ET, Wong PT, Moochhala S, Ng Y.
Neuroprotection associated with running: Is it a
result of increased endogenous neurotrophic factors?
Neurosci 2003; 118: 335-45.

Olfert I, Mark Richard A, Howlett D, Wagner E,
Ellen C, Breen D. Myocyte vascular endothelial
growth factor is required for exercise-induced
skeletal muscle angiogenesis. Am J Physiol 2010; 4:
1059-67.

Turner M, Cortney A, Stanley J, Watson H. The
fibroblast growth factor family: Neuro modulation
of affective behavior. Neuron 2012; 76(1): 160-74.
Ding YH, Young CN, Luan X, LiJ, Rafols JA, Clark
JC, et al. Exercise preconditioning ameliorates
inflammatory injury in ischemic rats during
reperfusion. Acta Neuropathol 2005; 109(3): 237-
46.

Li J, Luan X, Clark JC. Neuroprotection against
transient cerebral ischemia by exercise pre-
conditioning in rats. Neurol Res 2004; 26: 404-8.
Stummer W, Weber K, Tranmer B. Reduced
mortality and brain damage after locomotor activity
in gerbil forebrain ischemia. Stroke 1994; 25: 1862-
9.

Wang CX, Yang T, Shuaib A. An improved version
of embolic model of brain ischemic injury in the rat.

J Neurosci Methods 2001;109(2):147-51.


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

WAA ot D) ojleud ¥+ 09

K55 psle Slalas v

20-

21-

22-

23-

24-

25-

26-

27-

Hu FB, Stampfer MJ, Colditz GA. Physical activity
and risk of stroke in women. JAMA 2000; 283:
2961-7.

Bullitt E, Rahman F, Smith J, Kim E, Zeng D, Katz
L, et al. The effect of exercise on the cerebral
vasculature of healthy aged subjects as visualized by
MR angiography. Am J Neuroradiol 2009; 30(10):
1857-63.

Xu B, Zhang X, Song C, Liang F, Zhang L.
Voluntary  running  enhances  hippocampal
proliferation by increasing hippocampal NGF,
BDNF, and IGF-1. Advan Biochem 2017; 5: 1-6.
Franzoni F, Federighi G, Fusi J, Cerri E, Banducci
R, Petrocchi A, et al. Physical exercise improves
total antioxidant capacity and gene expression in rat
hippocampal tissue. Archiv Italien boil 2017; 155:1-
10.

Dakhili AB, Gharakhanlou R, Movaheddin M,
Khazani A, Keshavarz M. The effect of 6 weeks
endurance training on gene expression of nerve
growth factor (NGF) in the sensory spinal cord of
rats with diabetic neuropathy. Iran J Diabet Metabol
2014; 13(3): 263-271. (Persian)

Shahed A, Ravasi AA, Choubineh S, Khodadadi D.
Effect of four weeks exercise prior preparation
before alzheimer's induction on the levels of nerve
growth factor and beta amyloid in the hippocampus
of wistar male rats. Arak Med Univer J 2018;
20(128): 56-66. (Persian)

Shamsaei N, Rajabi H, Aboutaleb N. Exercise
preconditioning reduces spatial memory disorder
induced by cerebral ischemia via increasing the
expression of neurotrophins in rat hippocampus.
Sport Physiol 2017; 9(34): 63-78. (Persian)

Chae CH, Lee HC, Jung SL, Kim TW, Kim JH, Kim
NJ, et al. Swimming exercise increases the level of

nerve growth factor and stimulates neurogenesis in

adult rat hippocampus. Neurosci 2012; 212:30-7.

ary

28-

29-

30-

31-

32-

33-

34-

36-

Jiang P, Dang R, Li H, Zhang L, Zhu WY, Xue Y,
Tang MM. The impacts of swimming exercise on
hippocampal expression of neurotrophic factors in
rats exposed to chronic unpredictable mild stress.
Evid Based Compl Alternat Med 2014; 729827: 1-8.
Kuipers SD, Bramham CR. Brain-derived
neurotrophic factor mechanisms and function in
adult synaptic plasticity: new insights and
implications for therapy. Curr Opin Drug Discov
Devel 2006; 9(5):580-6.

Cohen-Cory S, Kidane AH, Shirkey NJ, Marshak S.
Brain-derived  neurotrophic  factor and the
development of structural neuronal connectivity.
Dev Neurobiol 2010; 70(5):271-88.

McKernan DP, Timothy DG, John CF. "Killing the
Blues": a role for cellular suicide (apoptosis) in
depression and the antidepressant response?
Progress Neurobiol 2009; 88:246-63.

Chao CC, Ma YL, Lee EHY. Brain-derived
neurotrophic factor enhances bcl-xI expression
through protein kinase casein kinase2-activated and
nuclear factor kappa B-mediated pathway in rat
hippocampus. Brain Pathol 2010; 21:150-62.
Fathollahi shoorabeh F, Faramarzi M, Hemmati R,
Nuri R. The effects of ten weeks resistance training
on resting levels of some angiogenesis factors
among men with prostate cancer. Yafte 2017;
19(4):129-39. (Persian)

Myllyharju J, Koivunen P. Hypoxiainducible factor
prolyl 4-hydroxylases: common and specific roles.
Biol Chem 2013; 394(4): 435-48.

Greer SN, Metcalf JL, Wang Y, Ohh M. The updated
biology of hypoxia-inducible factor. EMBOJ 2012;
31(11): 2448-60.

Friedmann B, Frese F, Menold E, Bartsch P. Effects
of acute moderate hypoxia on anaerobic capacity in
endurance-trained runners. Eur J Appl Physiol 2007;
101(1): 67-73.


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

hen 5 Lol s

o oy (Mg b g (uae 18y Jelge (ol 0F Ol g (el (05 ]

37-

38-

Zhang F, Wu Y, Jia J. Exercise preconditioning and
brain ischemic tolerance. Neurosci 2011; 177: 170-
6.

Gleeson M, Bishop NC, Stensel DJ, Lindley MR,
Mastana SS, Nimmo MA. The anti-inflammatory
effects of exercise: mechanisms and implications for
the prevention and treatment of disease. Nat Rev

Immunol 2011; 11(9): 607-15.

ary

39-

40-

Jensen L, Bangsbo J, Hellsten Y. Effect of high
intensity training on capillarization and presence of
angiogenic factors in human skeletal muscle. J
Physiol 2004; 557(Pt 2):571-82.

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

Physiol 2016; 8(29): 15-30. (Persian)


http://umj.umsu.ac.ir/article-1-4950-en.html

[ Downloaded from umj.umsu.ac.ir on 2024-04-09 |

Studies in Medical Sciences, Vol. 30(11), February 2020 @

THE EFFECT OF ENDURANCE TRAINING ON GENE EXPRESSION
OF NERVE AND FIBROBLAST GROWTH FACTORS IN THE
HIPPOCAMPUS OF RATS AFTER BRAIN STROKE
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Abstract
Background & Aims: Neurotrophic and growth factors are known to have positive effects on neuronal
proliferation. However, findings on the effects of exercise training on these factors following brain
stroke are limited. Thus, the aim of the present study was to investigate the effect of endurance training
on gene expression of nerve growth factor (NGF) and fibroblast growth factor (FGF) in the hippocampus
of rats after brain stroke.
Materials & Methods: Twenty and one adult male Wistar rats (weighing 210-252 gr) were purchased
and randomly divided into three groups: control, stroke, and stroke+ training groups. Stroke was induced
by the occlusion of both common carotid arteries (CCA) for 45 minutes. The rats in the training group
were run on a treadmill at speeds ranging from 18 to 30 meters per minute for 20 to 50 minutes per
session, 5 days a week for 8 weeks. Forty eight hours after the last training session, rats were sacrificed
and gene expression of NGF and FGF in the hippocampus were measured with the Real Time-PCR
technique.
Results: In comparison to the control group, stroke led to a significant decrease in gene expression of
NGF (p=0.0001) and FGF (p=0.0001). Also, after brain stroke, endurance training resulted in a
significant increase in gene expression of NGF (p=0.001) and FGF (p=0.023) in the hippocampus of
rats.
Conclusion: Based on the findings of this study, endurance training probably via up-regulation of
neurotrophic and angiogenic factors could have therapeutic effects against ischemia-reperfusion induced
injuries and decreased impairments induced by cerebral ischemia.
Keywords: Brain stroke, Endurance training, Gene expression, NGF, FGF
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