[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 ]

[ DOI: 10.18502/ssu.v31i1.12333 ]

VAV NF 8 o & ,b O (Bgo dngels (Sl pale oBLAGIS (hdgfy (oole aloeo

‘f“/‘?/vviuﬁf&' é.))b \F.Y wé)j)é "‘Si O)Lo.n:: u_i.g. 9 ™ 039°

YO (o5 oyl SledIo (S gialiv 33 (53198 (93 903 P (w3 99
ibd Gl g Sy Jige Juwo 30 90 53L8 ) sEWL g

Y # T .
SU aws ! M GobT jSeme  Soms (g

2 Silop a8 Fl (wyp polo gl Bu sls (b (Shgye 3,0 bml g 590 50 (et MBS (orae Sl 1a0ude
lge Sobd (Slgygh (2o (hge Jae 50 950 )18 slagel 5 TO (oS o sl Sledlad (Sl

a5 (o5 Vo FEVY 559 o0guoma) slaida A Jlig 5 alyme Ghge s Y (o2 adlllas 0ol )3 i omy 2 09
83 ol ol Iy a3 518 aalh g e Subs (Slhigyg el (Sbgyg el (1= A) 095 4 o Solas
Ol Ol )5 121 (5158 (et ST (Sl sbiogll s el wla )18, lagases] bawss colis (Slgyss
s s S o5l Real-time PCR s, b £lss il o (NF-KB) o LIS slaan 53516 5 (IL-35) Y 158l il slagsy
P<+/+0) 03,5 oolarl SPSS version 16,158ls i b Se5  cubind fyg0;] g anl ) S uils g 5JUT 51 (bl Julow 1y
ol (Gl 09,5 A Cud (i yed 09,5 50 (ubd Siilysygi 0,0 (6,18 (slagygesl Fuly (Ll Crge yed iEls
P=-lv 1) 4 NF-KB 15 5o o iuldl 5 135 05 oo Jlome el caely cubs <l (p<+/-0) wo 5
e 09,5 ;3 NF-KB (5 lu 50 Lo gime S 9 IL-35 (5 olo ol ;o o)l gme ol puizmon (P=+/- YY)
(P=’/’\~f) (P=’/’ 'V) Colls S99 u.aLnb ‘57‘.\5)5.' 09; A Cownd

(s GlaldSy S 0 IL-35 lellas Syl 0,5l Gosb 5l lon el e S 4 16 peS AR
Sligygi 0,0 ials jshatedy (53lan 1y ped 5l 09 so Slpiinn (el ools alS 1 15058 falge 4y by jgining ol
D¢ oolatul

Sligys 0,0 NF-KB ¥0 (S ol 2iul sl (n o3 1 galS” sloollg

2995 5)ld) glagwly 9 IL-35 oldlas (gl Gilep (el J oy el (S g GOLTSe i €L
PYNNY DY) OFY 05 Bodo sl (Sii pole oliils il sole dxe .ulbd Slgye 2l e Sigo Juo

Olpl Oleage o sodanl ST 21813 cOlguge 319 (o009 (55992 b 09,5 -
Ol ilgal ¢ golluol ST ol8iils ¢jlanl 3y o jis S5ol9s ud 29,5 —F
FEFIVIFIAA 2 sy G930 SITOShTA@YMAIl.COM & S9SN oy <2 AV FAV < BF « ¥ 2050l £( ghmno 5 30ms 93)3%


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

aolels L(A) wilesls olas cubo flhlew o 1y s ol
STAT; JUSiw Jowo &b 51 1L-35 a5 wilosls ylis (g0l
5 00t NF-KB s gig, 55556 51 56 TNF-a lge &) yeio
shoslaiul cplply «(AQ) aS o S ol Sledl ang 3l
o ) Slosply jome cnl Wlgi &5 9)l0 18 sla S,
el 5 AU 51350990 adline Glilen 5 (eras o S
ol ol Oldlae 51 Jol> bl 0,5 138 oslaiuls,ge
L ool me ol & Glaicas gilsn lacadled coul ools
gobe GnlBl ol Sed slietan b Rl
£ allSs See Coled LialS ( Llelas sloeS 5islo
2 1 sla I, o 8IS 5 b s, ol sl
b SlanaST il il sl atuly eas e
ol ) eras Sl 5 palasT jLed 5 o0V ) sk
SRSk (onx Slogyg)sh Morde uy5S 5l azmtys e
SIS Fp Foe ol waled 4 azgs L (V- )Y) WS
Sborg 3 pledon 5 (oo Slose 2 (Sloa (o3
b alal; 5o (3lgn cnyed (59,3 w2 5B 98 Ll oo
IR st o ol plilas coale 5 YO Syl
s &S el (nl GBS B alple sl 485
IL-35 lills oS sile coled cute pebis L (o5l
Selgy 058 5 (mae ol mh (2215 0 olwdy 3L

2,5 aalem Lyl ool

laxi 09y (225 g9 5| Gubow 3 penly pol> ey

359 0399e b (Kb A L O35 5 al o (ige o VF
oSty alfinlejl Sllgas S5 350 5 o) Yo FNVEY
@l slogS )0 9 4 Slal Hmlagair Sy pole
YYEY Lo Lyld o oli,S ol glouid 4o
— Sl cels WYY as > cow ol S il a0
SIS g0 olng e 5 ol 4 ol s by 5 (ol
olfisle;l lame b (6,5 5le atin G cundS 5l om aial

5ol gy Lo g s S 5 5,5l b (slules]

1f.Y o-].é)g)é <SS a)Lo.& SS9 o 099

IL-35 ol s S gilu p2 (55lan (i yoi 5

s~as ] DN (Diabetic neuropathy) _ubs bs,s
Ohlem 5l (oo 5l Gt & Sl 0aiS il 5 @ls Lo
ol DN 5595L daseie ams oo 51,3 50 cow 1, 2ol
O3 9 I Oebee (omas Sl (B w5l g g, A
Olas |y oo oo 5 Ll 5 oy il o5 sl (il
3350 5 had om0 gt Ol @Dle (nl s oo
3 PLB daiagh (OVY) wed el okl slaplal
DN 5555t o yicshol olsisar |y 35515 (Sslie (slo oo
o emeddS s a5 Wlools olas cpdise slansls
(F) 980 baygy 5o aBlal 9IS mexd 5 39,9 42 e
wrye ol (Splie Glops bl Sl SIS
a3 93T ol 5 Sledl Cgine 45 1290
oSyl mhe Gl goby Slides (1) Wed o
i )3 1) gilannST ol sloals 5 bl iy
Caol 00 psiia (V,F,0) Wlosls Las 2ubs ol lew coae
el A e dagys )3 bpasli (nl gl I &S
e oSl Ol amiiys g oad ame Glasl (isdn
LIS Koo iS5 5 (g 5bo b s ool JLis & 030 &
Slacl ;o He3 (505 Glatawsio 5 b kdgisi oljle S5bi g
oo sl gsle b Jolse cnl (0) wboo I8l (arome
Reactive oxygen S| Jlkd slaaisd adss ales )
o] Cgo dojliis g S gl mhaw ial38l Species
orben I g5 ST Ll s, (slabog e
S 9 (NEUrogenesis)  o.as iljs P zee
Sddu e @) ) (b (Sloyy g end (oras ladobe
Oblem 5o aslannST upial 5 Skl e cnlnle @)
bl A8 Slls (omas S8l sy i w5 sl ok
< Interleukin 35 (IL-35)Y0 (.So) pinl .ol cope 9
EBI3 5 sleaxly nj 5l &5 cadl srmlogpin (59
5 Sl b b oSile ol osbe (6 JSuS
IL-I2RP2 slavxly 5 &osb 5l (ol s 00015 08 s
cobn el Slidss (FY) wes e JiKew IL-27Ra 4

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Oy 5e g O] e o> (g -

o5 (6 S0l sly - Hot Plate Testewdyesla (03]
ekl (305151 (ol L lmle) ()l 9,0 bl
ool WlgaSie o ally s, olul 52 ges] ol s oolinul
Joe cobols olSiws 5l GQ}Q)'T ol el gl L(YA) cé )8
Sy s 45 Lyl Coro g e85 el 00— gl gl
otz 5l labize g el VR 8 4 (g5 amie
oBws ol eolaul (e gtle YOXYOXY ) DS wSL
@l az)d Sul g Slesey 9 @by 4 e
S ol e o 5 cole 4z 0 AVEY [0 olKiws asie
9y 3 430 ¥ e a1 babge (Ll gl ypasl ol
Gloo b ol pdig) olSiwd uomw il o0l 1,8 oS axaw
69y 2 Ole i col s a0 (slod 4 olws Axan
Py olfimss giwgley (ol b plaje 5 85 51,8 Els amio
93 by 00 Vb e @ £9,0 (le oS SGloj s
5 b il 0,0 ool st 5 Sl 4k s 55
Sdge gl olKies Gl e 5 e maol T
Paw withdrawal ) az oS e o ).ob oleyae
S35 2 Ol 555 1 gsyb Sley alols | 5 (atency
al> o a0 (lg Jawgi 0,0 4wl Glolag U Els axan
a5l o p B ooy S j0 adds O gl alold 4
w23 ol Olsea gl Sl 5 s (Sl
Cut ) asl Ve g asan 4 ole> iiSTy pac loj 0,5
O) ol ais )8 Ll o (of time
Mechanical allodynia  Sulso glasogll g3
S 83 Olge 950 Wil i (g Sl jslaea teST
sl 4 G oSk Al G 31 5 sowe ASE
00,5 wole 283 18 e il Y. glas )l g YexYe
0500 ool 5l B aids Yo wan lme 4 Sllg>
Al po wd F 15 ke Ao gy, 5 Slad aliixe
VOn il sla s (Sl slorsosll s jslates
(Y FF A N0 TFFe)aF 8 Y osgame o Frey
Gl Suz (KpelipaS Gyl oS8 csly)
Siulesl 5o o solitul cwled SIS 28 4 Cawgy Sl

1f.Y (ﬁ.é)g)é S 0leds (S g o 099

09° G5 (b ks (Slgyg (1= A) 09 4w &
(O% 09 P kSTommgig il oS e 00 Blao
VO ol b silsm el aliBo Yo (nyed ol Slsye
o L g (AaB £ Do 4y A2 )0 39, O Al yo
Sl b IS B ool 45 3l g s iad
3L (D)9 pole g (S ollhag DI aeS bawg
265 15 0l 5,50 (IR.SSRC.REC.1397.017)

VY Gl g glolis] U5y, plasl 51 ey el sGl
Sleo 50 Enp b cabe Sl i ) Coeg e el
Sigma, St. ) StrepotozoCin(STZ)  yewgigje g ! Joloo
PH:F/O L Yo /20 Olyiew 8L 0 oad J> «(Louis, MO
sbml jehieds v 0j9 pSS 2 Gl 4 S e O
sald 09,5 slagige 4 (WWIY) 285 Sjpo ) g9 cobs
Oygods PHIFIO L Vgo o /00 Sl 3l oz Jolas 55
S ol b 5§ e el A 08 3,5 Blao 9,0
O3 0k8 SGepd Y5 Sy ¢ S by S5 Lol
oBows by le g b ooy )13 (65059lS Jlss (59, 2
5 G pSoll (] asg, e5 5 Glucotrend 2) yiegSolS
wer YO-mg/dl 5l i oyl o3 a8 a5 o slo ige
pas 3l plaebl gl wias s 3 s b lyea
g e e (u el by 090 Jsb jo c0e wB casl
AOF) 08 g pSojlail laoge (93 aid w098 b

G5k psbateds cold <l 1 oy 1g5kidy soyges]
Sialesl (Byme ) 5y dw Sllg o6,k lapse;l cuz
SIS Gy & g0 w85 5 (s3] 2 sl b 59
g5y Ll plsiear Sl 0,0 )18, slagse;l exalis
50 Olie 5 956 lp g ebs Slays (Sslely Lulyo
polizady ODIY) aal Jae & loog,S sales 51 Ky
SSSon Ohl Uy atie ja (n el Sae Vs SIS ow)
@y o L2l Sy s 0,0 (6,18, slogsesl s5lsm o ped
o Sl 63,0 s ol b Falilae Jelse 5l ol
meo Vo B Y by gl 6,l8, glatale] Loyl bigs
OV as plol

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Soysite ow)n Glp Wb e (L3s e okS
5 O gy @lhe 5 ggye lulpd cod calendon
L6 b L4 mlaws 51 els askad ol (YY) OV AVY Lo s>
2 Sy 915 5 gl ge o dbgye (S8 slociaXs)
asein (0l 18 &l e T13-L1 sleo,pe 4zl
O 5l Sl (A aFoml 50 e b e S
G5 e JU 5l eolaiwl b ol eiw ol las Ol,88
A g Wb SSE S g (el A 4 atld Glged
&le Osre 5 iged Slarear ]y abgi e axl o gl il
A 3 I3 slagilesl el o b ladigad 5 decis
WA (5,05 ol csle a0 -A
p,5 e 0+ RNA 1 5l jolaiaa, :Real Time-PCR
IS sl sl 55 Yoo 00,5 ailal L glos il
S8 Jodllygiss Gk cilize Jolpe 0,8 (3500 (S5
s alil Lalls RNA ags 5 ol al> 0 b RNA £l 5l
455, 5l DNase | oyl L oasglsewl RNA sl
&3St RNA cusSeu 56 slapeyl 9 DNA & (Sogll
b 05l 4 agilh YAY 4 Y8 oo Cond 0l
0sr ¥ B VA G ood gl seil sladiges soled sl 5,80
L oud zl,5cil RNA 5l 6,55 So 0 €DNA jiiw glatea,
First Strand RevertAsid oS ol giws 51 ool
5 eslaiwl b g (15 0] Siiiinluge 5) CDNA Synthesis
RT- iS5 51 30,5 Juoas CONA & (5l ls sl ol
& ygods IL-35 o NF-KB slacys oba owy - <> GPCR
PCR ) olSiws 3l oolaiwl LPCR STy jo ol oolaiwl oS
4, SYBR Green 4 (master mix Applied Biosystems
ABI Step One (Applied Biosystems, Sequence o5Xiws
oS b asby 3.l Detection Systems. Foster City, CA)
Real- ol 3 0 olp obo 45> oz cd5 plxl owsjle
UF Jolts a5 ,> 2 slales 5 o8 4285 Ll o Time PCR
Sl ol )3 il a0 OA-F - a il Ve (gl ol 5 il a0
ol ppdais asl Yoo gl ol )3 il ax o VY 5 asl Y.
0,5 osliiul gz ye o3 Olsiedy GAPDH i aSiyl e

P9y bl cpl o pwyp 0550 Glagy ple Cud

1f.Y (ﬁ.é)g)é S 0leds (S g o 099

IL-35 ool wd (S gsluw 2 (5319 (o2 p03 51
Slml pas D90 50 5 Wl £ (39 S L LB L
oS oo oolil VL 5 b sla)l Sl cd A el
by by oo,5 wil) auly Jlgie Sl g axly ez
o Wbl plieds Wiy len 005 oo sdaline (Ol
<5 (PWT) Paw withdrawal threshold asxs ass

Foooae W@l ad gl £ooojleds (U dlex sl b )b 1 S
Sl Gralesl g a3 L o ly Bl lgieay
Slgeas byl uSls g o 1,55 aido aw JBla> oglisa 4
(V0) 23,5 sl aziy (updS gy Bl
Shoy Jya> 5l olaebl 5l g 65l9p (0 o8 SS9y
Do & S5l el SS90 Salme lagise jo cubs
2SSl s SSSon polo Shagh 50wl 2] aide b
(28 )5 plxil (YoV)) LS o olee Sl dslllas gl
5 oS g wlRiley] buls 4 o5 e> jekatear lawl
5 A8 10—V Dok 4 dan (0 g, O Sl o 5cws
R S S T R
5 e orme 5o iped Sebd Shoys (3559 095
(YV) 285 J1 8 aan £ o g didd jo dud> O (b S
oRlPl g ya s e ol g (nped Sue g e
Jol dian j0 4B Ve S 4 aidBo o e Ve 3l bl
o YO U VY (pgo aan 0 aaBo Ve (glpaads o o).
4835 ;0 Je VO U VY (pguw atan o aa 8o Ve (gl ands o
Gl agds ;0 S VALY 5 p,le> ain 0 agdo Ve ol
S VOWSRLIVEE U | R [T | BPNVOV PP STRPLET SCRPY-IE:- R i
Gl e coled (WSS Cl 4 snnliiwsd slas 55l
plod ol aldloaSs cull (puicds aan) SLb atan jo oy s
Selo G g Sllse Slo S GbL o (e Sl
wan L Gbl o g pSeilwl gy 9 diged gl il
£ o) paellS Sl (oS 5 (Blho 950 By sakemgt
2 sll S e Vo) 3l 5 (0s eSS o il &

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Oy 5e g O] e o> (g -

Slizan Jorall Jy Pl ) sy il s ol
P=+/+1Y) cils sez9 salls 05,5 L L;)bs;.m S
drty GaeiS 0 3l leitae (Sl Y Jguz)
abe 9o ol wla yge;l ;o (Paw withdrawal latency)
095 & Cumnd Subd (Slgygh slwog Sy cubs Sl 5l
2 Owizmerr (P=r/o V) 09 jeS (55l e jsbay vali
OSle wsiler ped SSS9n Gl GL sladian
bl 0gail o amty GaedS Gy 53 3l Glojos
Shss 05,5 A S yed Cabis Gligys 095 )0 (Sl
() logad) P=2/++ V) 0gs yien 5 o se Hobay ol

o bl Ol S5l wobs Wl 5l aa atan g0
loog,S 50 (Sle (slagll g3l yo azy S
S5 Sl gime jsba wall 09,5 4 Cond Cubs (Shgye
Szl e g pie glaatas o Sk 5l (P=/-+0) oy
09,5 1> Sle slendsll (gasl Slss (eSile (S5
095 4 Cowd logre lPl Gnyes Zobs Sy
a4 axg b (Y oged) P=2/-VF) auils cubs Jlsys
alS e cubs (il & wh et dboy,S Sl
O 50 bl ial3sl o IL-35 5 Lo ey loliss
2 ks Slhoys slagise gbs &S ik ;s NF-KB
ol Ol (P=+/+YV) (P=+/++1) o sall 09,5 L auslis
Golobms jsbay (nyed obs (Slgye 05,5 ,o IL-35 (5
oz (P=e/e o V) g YL cubs (Sbgye 09,5 4 s
s (nped (Bl (Shgye 09,5 ;0 NF-KB ()5 (Lo l5e
St Fosl ebs Slayg eg A Cewd )bl
lsS o @5t sl ok Ol Bk 5 (P=/ YY)
0315 L Hlo e glis wald 09,5 5 (n o3 ubiS (Shig)es
0 oged) P=+/Y) azd

1f.Y og.é)g)é <SS a)l».& SS9 o 099

b5l 9,90 Thereshold Cycle(CT) ailiw! as > (glawslio
Jseyd ;0 ool cole 13 51 eolatul L as s I8
oud sy e ye 05 b Bas 0F e Oliee R= 27 4CD)
05 4,5 I 5 S syl 03,5 o ol 5
el 00l S3Y Jgaz 0 ead i sl yeslpy Slasie

olel Jux gy x5

9,5 505lS (gail 5l Weols 35 Sl e e
&lp s eslawwl  Kolmogorov-Smirnov testises .ol
obly Jelos 5l ey S o ST (09 o g (o) 2
O D9l et Sz ()G Sjse 0 g a8,bS
5 ool (S ol g0l 5l o095 90 slaiSile
SPSS version 16 ,138ls 3 5l eolatwl b Waosls Judox g 4300
A bl (P10 D) <10 (5,0 sime pdaw o

O ollsde

S oS b b)) olfails lawg Geios ool Jlig2en
Cewl 00l 0ol (IR.SSRC.REC.1397.017)
o es

b s loline M Laog,S adsl (9 45 ol olis mls
(ogh Sblb gleaian o LI «(P=+/YYA) cuilys 5050
Cobs Shoys sleegS slagise 0y Sletd eSike
P=21+V) 05 yiaS (5 oline & jgods dalls 09,5 4 s
G ks (Slgyg 098 (39 St (Kb iz
Soline al3dl prie atde o (olis (Slsys 09,5 A S
Tobw ol W5l G (Y Jeaz) (P=+/+#Y) ails
by Slsys ooy S o bl & jgonr (55 S5
b 0y98 Ol B S|l g (P=e/ 0 1) il il
dP=+/+21) ogs o gme lioren wall 09,5 L anglie jo
095 9> SolS cdale (et alip bl o e

Oygods obd Sbgygs 09,5 A Camd (o8 ok Sbgye

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

135

100

IL-35 ol s S gilu p2 (55lan (i yoi 5

S 0 oslaiwls jee slays slo yeuly g Slasin ) Jaus

:5'-
CATACGCTGACCCTAGCCTG-
3
0/Y (Tm)ogd sleo
7ol (GC)slgizme
:5'-
CGGCTTGATGATTCGCTC-3'
0f2IYA (TmM)ogd sleo
00/6F (GC)slgizme
25
AGCCCAGGATGCCCTTTAGT-
3
£41aY (Tm)ogd sles
OO/ + + (GC)slgizma

5'-
L=l
TTTCTTCAATCCGGTGGCGA-3’ i
NM 199267.2 =
Ha/af :(Tm)g,;jé 6Lm> - :
(NF-kB)
O/ (GC)‘S‘?:.’?LA
5'- GTTCTCCACGGTGCCCTAC-
3 S oy
) NM_001109421.2 (IL-yo
FeleA :(Tm)ggb ‘_;Lno 35)
IAVAYS :(GC)Lgbl:u
2 5'-
GACATGCCGCCTGGAGAAAC-
3/ NM_017008.4 JAs 05
- (GAPDH)

ol (GC)&‘W

alisee slaTog,5 ST g 13 (95 9IS g o ()39 48k 93 uilyly Jelos gesl @l Y Jeux

Y- 2IAENN/F
YAF/PEN VY
yya/N£a/n
YEY/IAEAN
YOAOEA/A

\
\
\

\

< PIAENYIA
<AMVEVY/A
<YNEVE
Y.
AN

\IFENYIY

Y\ /a8

Y YIYEAY

VAV $L££/97

(WYIREST

Yy - fEUAT
\GINAESAYIad
AYY/fav/*
AYY/FEYE/A
FYE0E00/
voOrEs AT

Y O/FE Y cobs Gl

VAA-EY <)Y pgo Azin 3
VAQ/OEN «[F7 o lo> atin G,
Ve NEAN JESPUE =
VEV/EVIET i azhn

VALV VPN ol Ll 3
FPOIFEMNT pgo dtin v,
INAE=AVind pole ain V; 2
NATAES TR i dido 3 39
FAREYENT PEREPUEI 1\

P<140) ubs Slgye 09,5 b lo sire ST (O<+/+0) dalis 09,5 b jlo sme Bl il oo puSiloo 5 Jailin] Bl ymil & jgoay Jgaz polie a5

\F-¥ o.].é)g)é ‘ASJ" o)l»..’.‘: <SS, 9 ™ 0)9°

O3 (9ot (Sloyd = (Sl lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Oy 5e g O] e o> (g

40
-
3

o 35

2 30

\:i 25

'?':_ 20

Q 15
2

10

5

0

%

9D

30

B

a

9D

P

Y,

by

3

1

\F-¥ o.].é)g)é ‘ASJ" G)M <SS, 9 ™ 0)9°

e b Jlgog TS e oebd Jhang o bl

STZ Go35 l ¥ ¥ [ ) 5 ¥ A

(i)l s IS am Olo

Gilises slog 3 5,1 Gl e Gsesl 5o amy (adS G 0 3B Gloy Olss 1) loges

(P 55)40g O™ (g ST

1.4

12

0.8

0.6

0.4

0.2

(P<0.05) tbs sbg,s 09,5 b ylo gine &Sl T .(P<0.05) salis 05,5 b ls xe sl 5

50

45

40

35

30

25

20

15

10

e e sy T o s Gl o b

(4an) b s@1 5w Ol

e (sloegF (SlSe sLizosll (igejl 50 dnty (UedS ey il Dlis Y Jlogad

(P<0.05) bs Sls,05 09,5 b o cme sl T .(P<0.05) sals 05,5 L jls ine SDkis 3

ke Jbrg o8 S Sy Sels

hlie sloog S gls als isu 40 IL-35 g NF-KB 5 oo o)lee ¥ jloges

(P<0.05) b Slg)s0g,Ko b o sxe M T (P<0.05) sals 6,5 L oo B

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo



http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Sy eamsglas pess col po NS ST Jelse cal 65 B 4
Oriize el (b3 (Shoye 9y0 sl W Sloys oy,
5 IL-1B JL-6 QNOS CD68 _leall else zsbs (sial5dl
s JLIS3 See My aiyts ol sl L5 lsisas |, TNF-a
yol> Giagh sbeosls 5l ol zls (A,YY) wiles S lgie
A&l NFKB sginy 55556 o5 ol olyee a5 ol olis
0ol el s Sl 05,5 5 el Jelye oasss
Sl p ol B )3 (cmgiy; bl al Ol Gl g
Slalllas 5 Slse cloiale;] o)l ML isid o LISy Seo
oo Lo B3,k 5l 15095 IL-35 a5 Wlesls Lis In Vitro
Sl e Cte b 5 INK ol
I sy ,Sle sl 0 et ik JAK2/STATE
AR 05 o gl My letllos oigsd ay leall My Coigd
b Jul5s S colld lo,Silas Gl as) @ axgi
5 IL-10 ARG-1 ailer hllas gla asls My Coigid
S IL35 55 ole olee siels Vil Q) aies 1L-35
GRRgR 50 (b Shgsg 09 (2l laghye v il
B2 lis 09,5 ol o 1) My Cusgd cudlad zals (ol>
Sl u>_;.M"l s Sl Jol a5 wilesls las oladbod
slo oSsule Ol @il Goyb Sl 1) 09 (Soigle
(YA) aims o plnil IL-35 5 IL-4 JIL-10 wiile Jlellas
of s 5 IL-35 _Llallas uSsnls ool 1,3 Bum ol
e 3529, e Ol (sl (Ses (o> S0g) 5o
Sl Sldlae 09l eolawl cobs Saligyes 0,0 sl Gloys
5 SUdnrd ks by | lee e (ladle
ool Gl (el e @il bzl (Sojelsly
@574 (amSI T sl il 5 el laasls
Colld id glasdllas Az Jg (V) Wil Sl &
ras phaes 50 IL35 Jldlas Sgule » 1) ilea
plmil Sl 0,0 ()8 slagsesl b o)l alaly 5 (laome
iy cacdled a5 Wleols lis clllas sl 43,
5 00l puels My ipid 4 1, g5 (sl JUlS5 S il

U"‘ UJ‘J.:L..» f(v‘) | °‘)‘:"‘5"7"’.. Sgade ‘) wbo ‘s:bj)y

1f.Y og.é)g)é <SS a)l».& SS9 o 099

IL-35 ol s S gilu p2 (55lan (i yoi 5

91135 5 oke Oliee 2 S5len e pes Sl pol gy 5o

5 s2bs Glgyss 0,8 adlie slahge gbis il ;o NF-kB
(Shosg 05 6k slaggel @ el albul pizpee
SoS e & gras e Sowbes) ol Slapses]
(AE s Comil>) Giul.io (_.;L,,.;..s.oﬁfl Q,.oj 9 (Sloyo
Gloatdl (285 18 cw)n 350 (0,0 (s SloS e 4
Shoyg 9,5 Sl g sl 5l ey a5 o plas ol haghy
Ok Olies «S3ls 023 cCmmgigt il By 5 (0L Sl
5 oRIP Gl sme jsba g Gl 23 0 1, L35 (5
ool & gl alial 5 als |, NF-KB 05 ol ol
ol ool Slaass .cul ools ili8l ) Slgyei 00 (5,l8,
el ool e JUis 4 S5 grlannST gl a5 wilosls
el Jelse sl 5 ol Gl 0sl, ag,0 addss
s 45 39,00 JleT 35800 bayg,98 Aol b sk
el e slaggyg 3 JWS sladsbe )3 (olertisn
150,08 GloS oo 4 b joicwgd b ol o gplted
aS Cool oaaid iy S jgbay (YY) 09l o 15 0y 8 g
ot G S 4y el sloalandy a5 i 5
bl 50 (VH) o)ls (bs (Slgyg 0,0 Lai> g 9,0 5o
5 o 1y Aellas slaabandy LIS, Seo sl (s3slse b
2 1 Sbegen B oo)S jeiwsSl ) o slaslo SLL
LSy, a5 Conl 0als (astine aiS Lads cac piwow
Wigh oo Jub comlSynle aloz 5| (gouaie Jolse lawgs
S>3l o cel bl S ae Yok 5l Jled
ras Skl 4 e Jolo cnl a5 00l bl sl (S g
ool Jaslyl Cod aS wisly lis e reghy (YO) o4 oo
Mi a Jul S slodshe coigd (oomalSmle 51 (20
S ILIP A6 el o slash ol Slime 5 005 seais
POl 5 8955 )3 (soten 2 Jole ol sl oo (R8I TNF-
adlesls 5,158 ol wladss (Y8) o)ls gubs Salgyes o0
Mi Gsid 5l lagllS s )5 gl Db aiilsi oo elge oS

Slolid wims s |, My sleddlas Coigid & Sldl i

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Oy 5e g O] e o> (g -

3,0 loodi S Camlur iulidl 4 e Jole ol g 0nds
ol cnl atiiles (g3len (el aan il il e o
5 ote ek | I35 letlas oSl ol oles
5 &S e w1 NFKB cwagiy; 5986 ole
GIB Bk Sl s5l9a (nped 4 ey laia A as
Sl pall 4 e Sldlas sl Senle zshw
kS Sl (B)lse Rals )0 Gayb al 5l g sl (oeas

| 09y )‘»Af).l‘

A, 650 by adlpll 5l z s e oyl
NERUIRIE St SN S RCTRIE SNSRI
Ol oRils (23555 S3slsesed 05,5 eilul 5 olKtylejl
cb ol sleanie el Les sgae Jlyud 5 S

Sl Jb ol

Sl 0924 tadlo o ) lad

SISl dawlsds (gilen ks aS sl vezy  Jleis
Gty adg ol atdly (Sldlas 5 Slas] ol
Code ka1 IL-35 aiile oleadlas Jolge o Ql..\.:.wflts';.ﬂ
! Sl yme Jlen » B0 5 3B b Gy ool 5l g 008
» s Shayg Bilse rals el (oras pte 2
pos Jonle w3l ens pseil 8y5e plme lagise
58 5 o3 SplaeSI il (s Glagisn s uSol
3 WNgd oo Cute malats (Dbo (Sbgye A 0 45 o]
il 3 B Con il Cusgaze Sy lyear pol eohy
2 dphee Sldny 9szs ol b S e xS ane)
Sledlas 5yl x5 Tolul b olen (ST slaiags,
Olsieas IL-4 g IL-10 asle lillos ol sl IL-35
syl s My cisd Glallsy S codlad gl a3l
sl TNF-a 5 IL-1B JL-6 iNOS CDB8 _Lolis M, oisis

220 13 oy 0590 i ealad Ll pd 4 ol

Ol ol el colis Wl as sls lis ol yiaghy

L6 e iy o NF-KB olo Sialdl 5 1L-35 o5 o)Le

1-Feldman EL, Nave KA, Jensen TS, Bennett DL. New
Horizons in Diabetic Neuropathy: Mechanisms,
Bioenergetics, and Pain. Neuron 2017; 93(6): 1296-
313.

2-Calcutt NA. Diabetic Neuropathy and Neuropathic
Pain: A (Con) Fusion of Pathogenic Mechanisms?
Pain 2020; 161(Suppl 1): S65-8.

3-Schreiber AK, Nones CF, Reis RC, Chichorro JG,
Cunha JM. Diabetic  Neuropathic  Pain:

Physiopathology and Treatment. World J of diabetes

2015; 6(3): 432-44.

\F-¥ o.].é)g)é <SS e)Lo.&a <SS, 9 ™ 0)9°

4-Sai  Laxmi M, Prabhakar O. Inflammatory
Biomarkers as a Part of Diagnosis in Diabetic
Peripheral Neuropathy. Journal of Diabetes and
Metabolic Disorders 2021; 20: 869-82.

5-Pop-Busui R, Ang L, Holmes C, Gallagher K,
Feldman EL. Inflammation as a Therapeutic Target
for Diabetic Neuropathies. Curr Diab Rep 2016;
16(3): 29.

6-Li X, Mai J, Virtue A, Yin Y, Gong R, Sha X, et al.
IL-35 is a Novel Responsive Anti-Inflammatory

Cytokine—a New System of Categorizing Anti-

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Inflammatory Cytokines. PloS One 2012; 7(3):
€33628.

7-Yang XF, Li X, Mai J, Virtue A, Yin Y, Sha X, et al.
IL-35 is a Novel Responsive Anti-Inflammatory
Cytokine-A New System of Categorizing Anti-
Inflammatory Cytokines. American Society of
Hematology; 2012; 120(21): 5197.

8-Jiang Y, Wang J, Li H, Xia L. IL-35 Alleviates
Inflammation Progression in a Rat Model of
Diabetic Neuropathic Pain Via Inhibition of JNK
Signaling. J Inflamm (Lond) 2019; 16: 19.

9- Jiang Y, Wang J, Li H, Xia L. IL-35 Promotes
Microglial M2 Polarization in a Rat Model of
Diabetic Neuropathic Pain. Arch Biochem
Biophys 2020; 685: 108330.

10-Hosseini A, Abdollahi M. Diabetic Neuropathy
and Oxidative Stress: Therapeutic Perspectives.
Oxid Med Cell Longev 2013; 2013: 168039.

11-Singleton JR, Smith AG, Marcus RL. Exercise as
Therapy for Diabetic and Prediabetic Neuropathy.
Curr Diab Rep 2015; 15(12): 120.

12-Yan J-E, Yuan W, Lou X, Zhu T. Streptozotocin-
Induced Diabetic Hyperalgesia in Rats is
Associated with  Upregulation of Toll-Like
Receptor 4 Expression. Neurosci lett 2012; 526(1):
54-8.

13-Morrow TJ. Animal Models of Painful Diabetic
Neuropathy: the STZ Rat Model. Current
Protocols in Neuroscience 2004; Chapter 9: Unit
9.18.

14-Wei M, Ong L, Smith MT, Ross FB, Schmid K,

Hoey AJ, et al. The Streptozotocin-Diabetic Rat as

1f.Y (ﬁ.é)g)é S 0leds (S g o 099

IL-35 ool wd (S gsluw 2 (5319 (o2 p03 51
a Model of the Chronic Complications of Human
Diabetes. Heart Lung Circ 2003; 12(1): 44-50.

15-Malmberg  AB, Bannon AW. Models of
Nociception: Hot-Plate, Tail-Flick, and Formalin
Tests in Rodents. Current Protocols in Neuroscience
1999; 6(1): 8.9. 1-8.9. 15.

16-Chen YW, Hsieh PL, Chen YC, Hung CH, Cheng
JT. Physical Exercise Induces Excess Hsp72
Expression and Delays the Development of
Hyperalgesia and Allodynia in Painful Diabetic
Neuropathy Rats. Anesthesia & Analgesia 2013;
116(2): 482-90.

17-Yoon H, Thakur V, Isham D, Fayad M,
Chattopadhyay M. Moderate Exercise Training
Attenuates Inflammatory Mediators in DRG of Type
1 Diabetic Rats. Experimental Neurology 2015; 267:
107-14.

18-Rossi DM, Valenti VE, Navega MT. Exercise
Training Attenuates Acute Hyperalgesia in
Streptozotocin-Induced Diabetic Female Rats.
Clinics (Sao Paulo) 2011; 66(9): 1615-9.

19-Gong YH, Yu XR, Liu HL, Yang N, Zuo PP, Huang
YG. Antinociceptive Effects of Combination of
Tramadol and Acetaminophen on Painful Diabetic
Neuropathy in Streptozotocin-Induced Diabetic
Rats. Acta Anaesthesiol Taiwan 2011; 49(1): 16-20.

20-Chae CH, Jung SL, An SH, Jung CK, Nam SN, Kim
HT. Treadmill Exercise Suppresses Muscle Cell
Apoptosis by Increasing Nerve Growth Factor
Levels and Stimulating P-Phosphatidylinositol 3-
Kinase Activation in the Soleus of Diabetic Rats. J

Physiol Biochem 2011; 67(2): 235-41.

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Oy 5e g O] e o> (g -

21-Gelderd JB, Chopin SF. The Vertebral Level of
Origin of Spinal Nerves in the Rat. Anat Rec 1977;
188(1): 45-7.

22-Keri KC, Samji NS, Blumenthal S. Diabetic
Nephropathy: Newer Therapeutic Perspectives. J
Community Hosp Intern Med Perspect 2018; 8(4):
200-7.

23-Thakur V, Sadanandan J, Chattopadhyay M. High-
Mobility Group Box 1 Protein Signaling in Painful
Diabetic Neuropathy. Int J Mol Sci 2020; 21(3): 881.

24-1smail CAN, Suppian R, Ab Aziz CB, Long |I.
Expressions of Spinal Microglia Activation, BDNF,
and DREAM Proteins Correlated with Formalin-
Induced Nociceptive Responses in Painful and
Painless Diabetic Neuropathy Rats. Neuropeptides
2020; 79: 102003.

25-Wang D, Couture R, Hong Y. Activated Microglia
in the Spinal Cord Underlies Diabetic Neuropathic
Pain. Eur J Pharmacol 2014; 728: 59-66.

26-Jin GL, Hong LM, Liu HP, Yue RC, Shen ZC, Yang
J, et al. Koumine Modulates Spinal Microglial M1

Polarization and the Inflammatory Response

1f.Y (ﬁ.é)g)é S 0leds (S g o 099

through the Notch-RBP-Jx Signaling Pathway,
Ameliorating Diabetic Neuropathic Pain in Rats.
Phytomedicine 2021; 90: 153640.

27-Xiaohua G, Dongdong L, Xiaoting N, Shuoping C,
Feixia S, Huajun Y, et al. Severe Vitamin D
Deficiency is Associated with Increased Expression
of Inflammatory Cytokines in Painful Diabetic
Peripheral Neuropathy. Front Nutr 2021; 8: 612068.

28-da Luz Scheffer D, Latini A. Exercise-Induced
Immune System Response: Anti-Inflammatory
Status on Peripheral and Central Organs. Biochim
Biophys Acta Mol Basis Disease 2020; 1866(10):
165823.

29-Sun JS, Yang YJ, Zhang YZ, Huang W, Li ZS,
Zhang Y. Minocycline Attenuates Pain by Inhibiting
Spinal Microglia Activation in Diabetic Rats. Mol
Med Rep 2015; 12(2): 2677-82.

30-Gong X, Chen Y, Fu B, Jiang J, Zhang M. Infant
Nerve Injury Induces Delayed Microglial
Polarization to The M1 Phenotype, and Exercise
Reduces Delayed Neuropathic Pain By Modulating
Microglial Activity. Neuroscience 2017; 349: 76-86.

O3 (9ot (Sloyd = (Sl lods g (S pale oGS Ao


http://dx.doi.org/10.18502/ssu.v31i1.12333
https://jssu.ssu.ac.ir/article-1-5756-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-28 |

[ DOI: 10.18502/ssu.v31i1.12333 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 6 Jun 2022
Vol 31| Nov 1 | Apr 2023 Accepted: 18 Sep 2022

Effect of Aerobic Exercise on IL-35 Anti-Inflammatory Cytokine and
Behavioral Pain Responses in a Model of Diabetic Neuropathy Rats

Siros Hosseini Askarabadi™, Ahmad Kaki?

Introduction: Nerve inflammation plays an important role in the occurrence and development of diabetic
neuropathy pain. The aim of this study was to evaluate the effect of aerobic exercise on anti-inflammatory
cytokine IL-35 and behavioral pain responses in a model of diabetic neuropathy rats.

Methods: In this experimental study, twenty four 8-week-old male Wistar rats (weight range: 204 + 11.3
grams) were randomly divided into three groups (n = 8): diabetic neuropathy, diabetic neuropathy exercise
and control. After confirmation of diabetic neuropathy pain by hot plate behavioral tests and mechanical
allodynia, the aerobic exercise protocol was implemented. 1L-35 and NF-kB gene expression in spinal cord
tissue was measured by real-time PCR. One-way analysis of variance and Tukey's post hoc test with SPSS
version 16 software were used for statistical analysis (P <0.05).

Results: Exercise reduced the response of behavioral tests of diabetic neuropathic pain in the exercise group
compared to the diabetic neuropathy group (P <0.05). Induction of diabetes caused a significant decrease in
IL-35 gene expression and a significant increase in NF-kB gene (P=0.001) (P=0.021).There was also a
significant increase in IL-35 gene expression and a significant decrease in NF-kB gene expression in the
exercise group compared to the diabetic neuropathy group (P=0.007) (P=0.034).

Conclusion: It seems that aerobic training has reduced the sensitivity of nociceptors to pain agents by
activating the anti-inflammatory cytokine 1L-35 in spinal cord microglia. It is recommended to use aerobic
exercise to reduce neuropathic pain.

Keywords: Aerobic exercise, Interleukin-35, NF-kB, Neuropathic pain.
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