[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

MM S VARYA A ATOT- PRy P O3 (Bgho Sl (S pale oIS Lhdgy (oode alo

Voo oY Vi 93y o )b VPeo LT uodiad 0 yloud ol § ot 0590

Sl Sy UIT Joo 3 ilide S0 13 30 dlone 5
(b B igo i dhas Navl.3 (g e o

" sobam w55 el el alline d | cobols dnbols oo

Sl hime slogyg)s coml 0pbior (oo Slgys 4 e 5 Cul mli (Sl glen o el e
(b 3l e Shgys 9 Sabs p nbe S (SB5)s Crped Dedee NAVLS popo JU (g n (aldl
9 iy Gl slasad Sl g p il adllas l Bas il 658 (Sfglsn Gl T S s S
g oils sla pge oe alae NaVL3 oy JUIS (le s oyl SoSo ]

b e mls i@l U8 0g)5 e 4y (ol jsbay Ly ol5 5 Sige je YO ¢ (25 adlllas (ul o iy 32 5095
ol JoSo + Lawgie G ped (SubS (JoSe + sl ped (S0l changie (n S (LS D (nyed (HLS (JoSe
9 bwgte (29l G ped SS9 n el (Db (Blhe (9,0 Dyge & Gemgig el $,5 b (2o ST g ad
@ 5155 g0 59, 50 Yom/Kg lade a4y ol Sl ol 2] atie o dud> mu g aten Ed S 4 dod
SPSS 18ls 5 b (5 k] Sldas 30,5 (5 ,u505lail sondgiundsigosl iy, b NaVL3 ut5g, lo ob eols b7 jige
A eolatl Sledbl Lo sl (Se5 g a8, by il ly Judos g el ge3l 51 .85 alxil Version 16

(P14 VD) Sl G yed (P<elo e+ 1) a Wl 05,5 4 Comnd Jui alae NaVL3 by ialiil 4y joeie culs sl
I, NaVL3 ghas (P<+/+++ 1) JoSotbawsgio iyad 5 P<+/++ 1) JaSo + 9yl (ysyod «(P=+/+ +0F) Lawsgio iyy yod
iols rals cols 09,5 A Cod (55l Jxe jebay

JoSo oS 5o 2alS 1y ubo slo ige e alae NavL.3 Ly wilg oo Jawgin 5 ol ool oy e 106 puS axusis
sl i ige anzme (Slgysh (RIS 3 (23558 e b el g ST

Cobs NaVL3 ¢ b)y9 o ped ] St JAIT 1 guudS” slaolg

JoSo g ciliso TS b (29l o yed (BBlee ST el (silax 4l dllase e 65 il aabls coew obl tgle
YA NTe e o5 Byt dupd Sy pole oKl Limgh ole dlme . Sl (L Ige oz abae NAVL.3 uiigy p ol SoSgud WT
FAYF-AA :(A)

Ol gl sotanl ST 2 lzils (sl 39 o) )9 (STsles jub 29,5 - )
FAVEVAV) A & gy G9aio Nashemvarzi_tkd@yah00.com : Sy Sl g = AV 111§ o PYA 100l 6(J 9o 0 3dkauw 95)%


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

o|,l&m,@b@w&w -

2 Navl/3 & il ool (5,155 (Jonl b sl o Lials
Lilyd cov ase iy 4k, 006 Glaggs
hee (orac slacanl b oS Oledl sile ol So3ell
ol 3l Sldlas ((0) S5 Sk o)lgd Cawl olpen
M g 9,0 90 40 oot i NaVL/3 a5 was o
Navl/3 sla JUS ole Sialidl ol cobs ol 8l jo Sy
Gl U tl3l 4 jmie (oulys ol eas gl Jsls o
Sial38l el amil j0 g oo Sl ailiw] alS g cesow
YU b ige o s sl 51 g olo i b NaVL/3 oL, as
3 2l slazuSTy wass s 4 Vst a8 sile S
(V) cenl cobs
a5 I i s oilas 5> gl ale
G 4y argil (A 25dee bagys ] Gl ams
5 Ooedgmdl 4 Cungliio byl 45 5u3lapnST cla gl o0 ol
Pl ssbomen 5 el glem ol o ol Blse
15 s ol s o5l b malS s o 5 swilapas]
Ohlor Sloye wnl® 5l G5z plsieas eilas] slaco]
Al S il sy o 5 4 (55900 ¥ 95 Cobs 4 e
g 009 P ) OS] T S (a-lipoic acid)
FETSRWNSIINE R IVCGREE R S Sy
@ a5 o)l e dld 655wy g pedilie jo (b0 e
Sl g oad Sl Gla o, e el puiitess ok
500l Liglidl |, awome wlael 5 2l 4o lawaST slops 31
5 o2l e (e paslle SG Wl oo (B9 Sudlad
i (grae S JlPl 5 gl 2ln o 1) (29l pe
odd ol slaggys sboly b JLSle 5 0 Skee
SIE gt Gadl b o ped aS wisle lis Sldlas !

W) o)l Jae Shgye 5l BL Ghlse o gonde

VPoo LT cccin olosds (it 9 ot 0339

a8 YL mhae o5 cul (Splie g)len (o5 b
Sgleyg VUS4 e Splie OS] 5 (9
Slasl 5l pel (oras plusn i glagis o5 0gd o
Aloye e I3 e ) Loy 5 e
5 e sbadsle 4 oS nle 5l 3L Slaces
Shss wsras= B lz 2ol 5l (36 )55 oS
@hieas algee ol s a5 weses g
5 951 (@jomas JLis 4 058 ol (denervation)
Hae b slasi g ojlail jo alS Gizes 5 (Bl w5
oy SlSul alae js 515 g (oLl ey rals Lol 4
e BLEL (Y18 s 5 clas oS Els () S5 s
Oblem 3 b gl Oilae jo (ubs Shgyg 5 (2lojemas
Glocal il 0 ohga lagg,s (V) Wia S (o)l 1) (obo
S5l iz 1 aiten plycanl 05 Vb w51 20
Ll 5o ls (St Sol5 Joho )15 cdale @ iy ooae
was sladsle 3 g B ek gl SIS S
@ b ae ool ol S0 slacdl 5l peaas
O w8 Gl (als 0 wed oo a8 S Sl s gl
2 S whaw pln Jkr GRIB A e Wlg e pglae
bl By o 1y gl &5 05 prae o sl
JUURUPPS 1 PPN FC S ) WRVSSUURK I R L JUN 1Y
ol 5l ol Jobo slae ;o (sl slagessy
SaJiSew melas 5 Joo Joily g Sel &5 wiien
U (Sl it glaonld )0 wisdoe sk jo (Sl
Jodly J5ST b oS sl U cnl pad JW e 5 o
s s U bl e il il clacdl o Jes
2y wload JoSas by g Wl acgaze nj 50 5l o qari
Navl/3 o5 cosloass Slolis W o sl 4 o)ty
() aib oo oyl 51 (S5

2 oo sbay Navl/3 (ox> d>p b o
gl s Ol Sty Aty 0SB lagys,e
Srfoiz b & gras e il s NaVL3 Ly

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

Olye 4 (ol Sjygo 4 e je mh e S
5 wad b owlesdl ige YA 5 ad lr ol eg)S
338 (89)5) Sabd JPES g8 8 )0 ol &0
@9l Doy (0,55 Z8bye JeSe g (nped anlllae Jobo
Ll 1) ad o9l nyes o (b slaghse) Wb
s S Rl slatse) lawsie (gl e (il
] gl oS o(inls ool 1, bagie sl
] g LT (30,5 2l JaSo 45 s slosbse)
Oyl g oodle oS (ubs slaige) Wl (sl (nyed +
b el Stgd BT (00,5 il o oo JaSo iy sl
Sy odle &S (b slatge) Lawsie (oglS (n e
plos ;o a8)S 13 (W08 <l o oo JoSio cangie (o9l
S o ol Sygots e LS 0550 O (g >
gl oy 5> @lel Slls ons sl ke 8
GPo) Sl bghee (99 (b lp adllas b s o
ol A al eolatul (Streptozotocing - pwsis)si sl
iz & Gregigign el 00 MIKG 5,5 b a5 o0
3okl johie 4285 ©)90 cobs Wl (Blao 21
o3l (93 a8 )55 5l ey el FA o tge ad (b
lsre 4 YO MG/l oYL (55 w8 L sloige 5 03 5
Wl 5o azas 90 .(VY) wiod a8 3 lai o cobs sl ige
oS Sbog S o ploxil (2o oS 5 (g oS aeliyy il
plsl (ool (nyed atbe (b Do 4 a0 dud> mb
Sloog S sl gogo5] wgnyed S5 g5r5 5l sl
OS5y by colled (SisSz b L] jslane 4y o yed
(ol cile ( alEile)] Sllps Sy Colles _pguass)
Ve Sy b aide m S dd my (b atis SO o
S o i A Sl jho ol b adds e A
5 & 2 Sl (PBras oSt Bl pllin g ddn
Sx gkt Gl (Sl D e (g ped DaB S jslate &
ONed & oyt O, (ol Db b o) o5 aids V-
i e VLo aiBo Y e oS le ey g w0 )S

O g anils Huge 4 B Ko ollss b ocdl il

VPoe obT cccin olosds (b 9 ot 0339

LS S Sg0 58 ol Seigud WT JoSo 9 (29U (2 po3 31

bix g o Slee sl (gl (el )90 So iz
el 5 0 ol Sl s)58 3lul 5 ol 5L
e slagbse 50 0as ] lagygys slaggesST
@iz bl il JM)‘SQ).L’:J O (V) aisn dguys
Oglite plojnac gl g alae SO n (23555 (ned
i 0 5,0 elapanilSe ad Lt ol pln sl
Do b Gboys b b Jelse g (Dl cuae Sl poss
phie (o855 Colld A S0 e Wlgee ($85,5 o el
O azgl b oRs gem 5l SS cubs vee o
LT a5 googe ool (omyp el SSoelall ilans ]
dme SIS hls (L8550 aped Alite slasad
Sl g e culs 1 S36 Sgys sl o LS,
B339 rres olyed 4 el S T JoSo e L
Shos 30 2500 Sl S5 2lfles S shls
ol Gas plply wbl e cawnl Pl el sk
Srae olran & By iyl Db b ) p dallls
aliae NaVL/3 onsgy ol deml Sugudil] oS

S b sla g wetgw

Sy S5 5 Shge e YO 55) 2 (2 asllle

5 Ohan e 0 (0RS ez dysln Jsar elulp)
el Gl Sgiigiens 2Rl Slls 6 )laeS
SIS 5 T VY- B1R 55 el allis 4 335
Sobd 09,5 58 Sl ows 5o p S e YO 51 VL LoDl
L g asdllas Lalgl )3 S pe Jolis anlllas 5l 29,5 Jlne 5 0392
2 s @l aedz 90 35 12l g Gl Gt Jlen
slass 4y dslllas 8,90 s yoge 09y (o yoi slRog,S )5 ige
VO x VO x Vo) ol S L iz 5l 8 2 50 o0 &y
Y slos) oad S alsn 5 ol Lulid Sy o (e sl
395 5 o o ooy 00ED Cugh; ol S il VY
Ll 5o 5k o9 of g ojlasbin] o138 w3, Lg (VY

L lagige ldl 5l ey OF) ol (6l allaules]

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

les.m,@.btéubléw -

So D a9 S8 1B e Sglme 50 0ad (yigen
Jyame (g 235 15 0 Jim) o)l cod cele
S BeS (grilimgas S Coled 55 5 D 5028 ke 00l a g
a0 F gl jo colaul floy b g wl oy bapgiendgil
oBen O ear lp (05 wd laS olS e
A ool condigiunmsial g, 5l Jdx alae o Navl/3
s Oliee 095 ARt 5 (bt S5eel S el sl
A 0ol by ey See Vo Cusls b e dlac Navl/3
L g Jslore 5l ool b Sla o)90 <l clloyy 1y
il 55l jolate & 2,5 sl silacl 1)+ oplled
JEb e dges giledlad gl G s S 0 ) aiges
Slde Gl B 1) aiges ey al>ye 0 285 15 sk S
I B U5l s el b osnd 4iad] diges o 4LES
2 5 Wged (Gl sleel es 28515 Ol L
L ol o diges 5,5 co (555 alaa solel 5 oaslasdly 5o
orSen Ve B D it & iy S olSims b il
2B G (rogidl ool gl 6Y (59, 2 G b 00l oy
S5 8l az s Ae glos 15 (sl (19,0 LapY ez oY ()
Bged 4 9250 slocndlllb b c8 S (18 aads Ve Sow a
iy tiped 515 il s 05,5 5 slite & 53,5
oS lan S5, U151, a5 15 okl Ul o
dw g 5ol Ol b gl e 4855 10 Sae 4 00,5 8l
s Gl DIl g 5 00 g absé aiye iz il 5o
> Bools 13 asye Ver 59 Ao ISIl o g 05 0
it g (55 IS B ol 5 JsbsS 5 oot 5 555 5
s ah 3> @y alold @y g al>ye oz ;5 PBS L aiges o5
Sy Sl ladiged (555 2 (Fistl bk skited i
sebie 4 Gljer 8L 0l asn, 4ido Ve Soe a4 Jby g0
bl Joho 003 adlol aidds gy Soe 4 sl (53l i
@ aiBs Yo Do 4 doyo /Y g5 ad atwds PBS
PBS L ay0,5 solital Lo Jghos clid (30,5 niudgis slate
G aad Ve Oue gl sy Vo a0l ool gl

Sy Sype a asl eolul STy 00,8 Sob sl

2 LJLJ PCIT-Y B)!AM‘:) ‘ﬂ‘ﬁ’; 9 S 0990

SOA dwbre Sy (Bpas ST JiSTas 4 aaw, b
LSS a0y Sl 5l ass 5 colatnl u el slo

Sax polie & 4295 b pped Dad g 435 sl osilely (e
(HIgh-YU @ois b ogls oo pe5 aelip o o Gmnnd (905
Sad b gls o pes o intensity interval training)

oo 4 (Moderate intensity interval training) lawgie
SSon 99 50 50 b ol dide )0 dul> @y g téa b
Qo o e-Ve) o5 e boadds my bl b hge o gy el
e Al 5a Kgd (95 05 Baa b g (At S
i b slaids ez v o Ve el Yo as b gl
Feo00) Jd colpnl adBo ¥ g diin e pr 20,0 1+-AD
Grred SS9 09 (nped Al e 10 o (Adn Sy s
L slaids Jlez govgs S VW bt lagiie Sl b (o5l
Jled colpnl 480 ¥V g ain Sy a0 POV Dol
sekiie 4 .(VF) 8g e (o (Aden Sy a0y F4-04)
Qe Sk Vo Olie iy (JoSe sloog S 4 (p3 eSS
sl g T oS L0 (o (139 pT5kS 2 il
Sigma- 5,5 el sl Kol LeSe) Jlog;eud
cels 5 g o Jo sl Lo o (5,0 55 Aldrich
e a5y 4o edes S 5o 5 315 D jgon oyl Sl an
SLay Slagol g, 5l 09,5 pejed slp (V0) 0l sol
L-a- a-) sucdgand e 1ol a5 O jg0 (o s oolatwl
@ Jol Jolome g 0l J> 84,15 o (phosphatidylcholine
4 poo Jslome 05 Jor 0389157 55 Jg el s bl o
LY@ ¥ i b i Joloms 90 camy alo o o ol s
loo ;0 (g b, olSiws 1o oS 5l L N0 oS 5 o
Lg o juoed M Codd g MMP YO+ Caepus g 4,0 O
el g0 Ooe 4 Plas p5ed (o] S pbd JSas
5 05,8 o shaie 0T o 1 ol Setlg JWIT s 2l el
5 Ogmdlwgm 09,5 Rljsen lp ws,S Aol Jol=o 4
A8 10 S ot Cuwots sladiges da 5559 $ib odgs

Oseilmge o WS Koo wignl gl Sl (Ko L

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

i o Laadly 35515 o5 ol plis ol adlhs s

- st G JaSa b s (i + s 05 3 Lo
2 PENTA) culs Wl JiuS 05,8 a4 Cawd (gl
ez g (P=eoTT) Lawgile (5505 1ulhd 09,5 b anlis
ol el s (P10 JoSe o lagie (508 S
Ol ol 5 ol5 Joline pals @ e P=+/+4)) oS
D e Cebd 09,5 o Wog S pled o (gl
cls @l J5S 055 4 Cond gl gne GialS JoSe
bgie (pped wobs 05,5 L oawslie o (P=+/-A9%)
oyes g Pl VA) JoSo + lawsgie (g a5 g (P=4/++ YY)
Odgmal Jlolie iolidl @ e (P=4/e 0 V) JoSlo + ayas
Sl sl 4l il ls el gmil gl ) fogad) 4
ooy S o aS wes o lis V Jeuz o Navl3 x4,
O}aﬂ o (P=r/e e V) 0,00 0929 (5 loline glis calizes
(P=1eV0) s gl (e ol lis 50 (Se8 e
ol (ol Guyed (P 07) Lawgie (gl (nyel
bolgie agls e 5 (P<efeee)) g T
Syl sme yebas | NavL.3 alaw (P<+/+++ V) s Jlal]
WAl oyl gleeg,S ol el cols 09,8 4 Cus
s P=e o oY) Sl + Liwgio o ped (P=+/+ YAS)
oolime als (P<e/ o)) SuspudWl + ol oy ped
F b (el 098 il i Sl Jall 098 4 o
Db (nped 098 4 Cund (5 loline (alS 5 Sy Uil
+oadd paed ok slaeg S cusls (P=+/-+YA)
vy (pped ok g (PEAlc oA SSg T
05,5 4 o (g oline LialS (P=+/+108) Sarlall

O Sloges) wisly Hlas Jawgie oy pel

VPoe obT cccin olosds (b 9 ot 0339

b S0 3 sl Sged WT JoSo 3 (29U (32 p03 5
SC-271255 o5 L) adgl sob sl as adlsl ae; Lol
Y i) oo 318, (I ] 48 Santa cruz s o el
095° e o Dde 4y g 0 S Aol aiged wPBS L (V-
5 L F il am g, osls Eax s ALY sles b Jlwe
5] iged a4 ad ooly g PBS L aids 0 ae 4y )b ,e
Santa cruz <, el SC-271255 o5 L) agb g0l
3 e g 0,8 Wlal V0w ) EE, L (6] elS
2 Ak Ve g el S Do 4y a4z 0 YV gloo b ,5LsSCl
R IV I I IPVTON SN I IR PTRRER WP b
Lol DAPI il & it b F 5l e 5 wo S Jatis
5o Al aisy, PBS wised (g9, 9 ol anily p alolddl wys 5
Sy cole Gy sSusySes b opslal BT Al
Ul 5 a3 gy s 435 S50 ,eiS LABOMED
SR e Navli3 (g oliee 005 ot 5 polas
3o, bl 5l g le a5 wl eolazwl IMmage J
ST 5SS g, s Lol SIS i 0l i sk
S 555 ety SIS (oS ais EoS abws @
Oyl s plosl il gasd ) 05 o O Sl b (5503
Gl oS golabial b Gillas 5 1Y (S, 4 ey
434S sl (ELIZA Diagnostic insulin Demeditec)
S 6ol el

Solel Julxi g & 525

—yls s3] 5l e esls aig (g b oin S
4 o oslil (g Ggejl 5l wog,S il ly (e 5 Sy
3 absb S Guilly Jelos g3l 5l glis (g skt
(P=+1:0) o sme mhaw 0l ooliwl So s 95!
Version 16 158l 5 b s lel Sldee coled ol a8 5 La 1o
28,5 bl SPSS

S llisde

ouaSisls Sllga> b IS ) ateS awg aslllas ol
SIS 5wl gl ol ey (S esle
23,5 lo (IR.IAU.SARI.REC.1399.158)

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

LS S Sg0 58 ol Seigud WT JoSo 9 (29U (2 po3 31

Bz alize (sloog )5 Loy 56lS (50 g o ige 453l 5 adgl (55 polie ) Sy

YVq/A YVV/A
LVAREE-= VA
Yeo/f YAANS
VY £ [ AV ==
€x\FIY =\ fr/Y
AT = Ng £
€xYNY EINRY4
</FY £ <Py £

Yyv/¥
AR
*YAV/A
AT ZE=

*EVAY
FIYY £

*EOIA
A=

YAYIY
VAV =
*YAY/E
VI$Y =

ARRVARS
[ZARIE=

€71\ 5
ATNES

A
YNY £
Yao/#
AT

YVV/VE
SIY. £

€¥/0Y
ISA £

YYV/¥
MNYY £
YaA/F
#IVE £

YPENE
aNna £

FEIAT
VLY £

YAV/A
OIA £
¥ooff
ARE

VeolY
APAREES

SYAR
INF £

ke dlae NaVL3 (s ol sl a0, il ly Jedo 93T @l Y Jsozr

(5 &l 039

() 45l o35

ol 5 9,550) 545
(=

Ol g
G 2 p)59,559)

. V¥./5 $ AR AAS P95 o
e YE/-A YA YYVIY R3S 09
Yo YA K
cle0 og loline mlan
70 *

Nav1.3 proteinexpressony 1 mm aea
o o B8 8 8 8 8

ST il

$8H4@
s

RYSET

h“,.
m‘_ﬁ;hﬁ

L ad g i ook

RIS RIS
S Il s g S I 2

el SS9 lall 8 me g duas § Jasgie (s yod atie & Cdlaie 0bo slobge u alae NAv1/3 eiSgp o dwglio ) loges

e Calsd A G loline il pois H# LSSl 4 s jlobine Sl B colis 09,5 @ o jloline Sl pns (& L 35S 09,5 4 s jloline Sl s

asgie (p yad Sl 4y S loline Ol 5 (@) g

VPoo bT ccctun olosds cpts 9 o 030

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

o|,l&m,@buwuw -

Sbidlmle Ld (pped lwgie Sad a5 oS 518
5 ok (YY) ol ials b sl ige o 1, 5l
Sbog 39 gall &5 WS (BIF (YY) llKen
L sslse cnyed atbe 2l lam ubs slaige are
Fuoerifeys ilele, GRlE LIS 4 g Sul
sheze Slasl )3 Ll i Slagtsn A 5 IS
Opyed &S wisle las (Vo)) ol )as 5 b (YY) on
Ol 59 i b (Dlae Byl g 4 ymie ad ol
ncaml (gadd45a protein) by ceas b s slagys
Slalie (1)) ol Dlae ghais mho i3l 5 (protein
@9 2 ed b dnlie ;0 Vb Dab b (9l (o3 0590 S
32 Shoy @ M (b Gl Gb) e bawge ol L
L ks a8 a5 ol Lis (Vo)) deloags T aslliae
Shog 3l B @Dl 2ol p o pSedn ;56 YL cul
32 (YY) o)l hwgio Gud b osls (pyed b aslio o
codls a5 wols lis (Vo) e) pemonsly 5 Wskul ol
e ) AU ol Sl 4 e jleesilely (55
e STV wb Gl st lmle po b papss
e 33 1555 Sy Gl )3 et Gasb 5 (25559 2
3 e R S 50 g dgd e Jol> (ase (Slgje
ol Sl ook 5l MIRNA9E (V) ol o bows oyl Uy
@ e Cobo S e eulas 1) Sy, 0,0 Navl/3
ssice NAVL/3 iyl axts ,o 5 MIRNA96 ials
Jsie MRNA-9B s a5 syoo S5 & cnlnly
9 ©ogeme wcdlae pl Al o sl Navl/3 ol s
O ol BB (el 0)e0 o U (VA (e
sy e Slgys a4 die glas, o Navl/3
I, MIRNA-96 Lo zol33l 9 Navl/3 ;Lo zals g wis,S
4 e ege oo e ( (B)b 51LOA) WS 158
slacdl 5 bJshe 4 s5ual 5 slms] oyl Jooss
(ol plo 0ed oo Dlas mas Colan o PLSl g oo
OrzeR 9 Shay e sk Sl Sl o (eF wiS S
S5 aea L (VYY) oS (55l Shisyss ol ol o

VPoe obT cccin olosds (b 9 ot 0339

Sl gy cleazil a5 ols ol sl adlas gl

S s il e ¥ gy cabs 5 ol ol
alae o NaVL/3 159y zobaw (il b as oo 5 Lewdl
Wb (nfte g olped plle JuS 098 4 S (Jus
Sg (S:LQ‘J»}A ) Nav1/3 UL»?" )‘ol.»..a.c u.,.mlf ,ol? axJllao
5 @l & Vg hugle Suld 93 L]y (oglS s &S
NaV1/3 wisls plool sl St gl LaSa 6 e L of o
Sborg a0 9 3 (see B g Whioo GIPl (oras
Bedss Fbgyss ey dgngy Sely (JUI (nl jlee a7 35l
ol (YY) s 5 U ol asdlas gl b guen
5 o5 e Navl/3 Ll ol cel cobs a5 b
Sbgyg sy Ll L o0 #5550 JHsl L Navl/3
oo 5 (gogetme o dslllas jo (YY) oyl bls)
GalS 4 pomie L o ped 050 o ws,S IS (VWA
S9se (b (Shgys 4 Mo la, o NaVL/3 5 ol
Il cdSul alae 5l gelate slyxl ccabs jo .(VA)
eSSl Sk 4 Gl Sl cnl )0 Ned (o0
Gl s Gl il sl sladsSys elS (dlas
.o; o)Li}‘ u_“.f).> —was LngAJl.;.li 59 |) 6‘-‘-‘59-’-‘-“ u‘“‘)?’
5 ol Dl as wols Hlas (V- - V) o)L Kee 5 g
Qo ( Hhas 8L o ol lawgs sl W Slandign
Sl &m0 amio o Sigln sl Sl Jlg el
ool 3l cw)p 4 aS Cal Sladdlas gl ol aslllas
Syge lodS gy | (Hbs Shgyg s slagazls
(VD) St 5 KipsglS abal, 0ol 5 5 3 o 2
0,0 yuals ceel bawgio i b (g3lep oy i a8 aiole lis
S e (Sligygs D B3I 0 Sl e @3De

V) GhlSes 5 (owgy iz (V1) 39800 ol

O3 (9o dugly (Sloyd = (Sl lods g (S pale oBLLG1S alxo


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

les.m,@.btéubléw -

Gl 51555l JLasl i b )bl S
s 98 B (yemd )3 g a3 I gl SG 25
Sie 5 S9I8 rdplie sl Sl 5 glanas]
Sagh ol @l (YA S oa S5 1y elgmd @ pglie
5 bl Sl sl s W JosSle ols (las iz
b (pyed e (A a5 g sk Colls ()59 (n yed b oald
e Sl g Wl Brae olion 4 YL 5 lawgie s
A4 ol Joalae Navl/3 x5y, i el o
Sl Cools 4 alblen S5 ) 45 sy
538 2 3 (B Gt s g 3540 5 ALA
GoaisS byl el Calis 3 comlSomle il Ly
5SS g 3 yShee j3 P (Jobo Sl (y5nST I3
Bebioe (Shiy Ay 9lSE Glaggye 0 Jsbe Sengl
2 el Boe leea oay At (0SB Glag,s
sl Sldlas (F0) Wloals aeine ubo oo Slg,e
Cobs Sboys 0 2550 Glaye plad a5 amo e lis
JWd sloaisS mhaw 5 gilanST ool Gl 4 2
sl 5 gilaST oyl (V) 05 g0 (Johos (55T
1Bl Bk ol paad sty ady) 05lSE (ras
Sl sl eSS @ mie ubs e eaid
O35t oo o b Slled alS 4 e o5 Gl
A Slapanilie 2z 39800 ST T (slapn ]
A4 Jy e (et LS jsbay e HIIT (5554
Slempl codled (ol cel Slyyed ool o5 e
2 9 565008 ol ol 5o Ceaglie a3l ¢ SlaansT ]
adyy 03elSE Sloiygys seilaenS] Gloca] (1alS azgs
3 SreSt Jbd slaaiss Gl (FY) wed oo ity
oW pnle a0 (605 098Il JUEl 0o
(@ly o ishise Jshe Seuml Gl a4 e ally o
Jeé sbass o Jolw pae 5l oiU cmollsST oyl
g a8l oo 3l by Sl T slaps 5T g (S5enS]
sslilely alises (slopae B2yl 5l 1) ok S e Wlgi oo

2 LJLJ PCIT-Y B)!AM‘:) ‘ﬂ‘ﬁ’; 9 S 0990

koS 59558 9 Jsyee @ Sl SIS ey 5o
a2t 3 5 el Sl sloml el Jgtojem 295 0
I Ty R S TSN e
Wiboo (Jobo slid sundsind Gl 5l S (o jolsee
smas s Jlnl adg el ( GewST Jlsl rals cel
Sboyg «uled ;0 g d9doe (sras Colaa AalS 5 ond
obj g Jawsie ol b ocpyed 90 2 (V) 00,5 o ol
p3ilSe iz Bk 3l gl 42 o iy 41 e Yot |
(hae slo Joko 0 595 Slo JBU a2l 331 alex
Spiisn (lae 0395 Gl 5 Cndgedl slaosi S il
@ e 2l 4 ALA oS 5 pol hagh 5o (T0)
Lo atl oplows e alae NaVL/3 x5y ol s
5 BT 5 (V7)) (V-11) )5 5 Ldolo adlllas s
obdslo adllas mls sl Sglise (V) (F+AA) o San
e gy Soe 4 ALA 65 Lo Ve Bras aS ol lis
b (Sloyg | (AL (I ceas P sgup 4 e
$e Gyas a5 sishs olii o Kes 5 LulolET 0 b bge o
ssb Slsys @M 55, FroDoe arg 55, 0 ALA £ 5 e
Sl iy Solis ozl LYo 5l ol LalS g s txs
s pSskee Vo pol> addllae 10) ALA oo e 4 Glgi e
Pk Peg Voo i a WbST g ol aalllae o
R R g N R
el 4 ALA LeSo a5 ol oLt pols aslllas o5 o Ll
o b loadl cpl a5 0l (93 55lS mha alS 4 i
sl S350 45 (TA) (F+10) o5as 5 bsily, axlllas
law el lawgs 3S6I5 adss malEl g gl 4
Syl cdlhe wo,S 5155 ALA glass ciie Bras
2 aS 65l pode ALA v o ylis ouls plodil wliiss
L asle Ll 55508 glaonims JUnl 1o colles iyl
Oedgmdl 0035 (6l nngns )3 (23935 (gl yinnd 38
5 S Y-dsiienl haslind gilaJld ol Jlisa s
loonins JUl olrals cepm il ool AKLL

Sl o (VY Sgdoe gledly las 4 598

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

LJ-Q&A dj..a.a o‘).a.b 4 Ja...uj...o 9 KR LS’jLJ Py
o alae o Navl/3 e ol o ol Sgdlal]
el S plrear Sl (e g 098 0 SHbs sl hge
Sl Shayy o)lse el cuz s Sleys 5 SBla>
cEls wezg opl booS L8 colatll 5,00 cobo
Slalllas aiels (b Slgys anlp Jloesge Glopanilse

S99 yed ah) ;o 68 dle) 5l gy dllie ()l
> (CR I COUR SRV RO S WP [ BP0 R S
Sy ole axly el ST Wil Sap eaSliils
oltils (5359 Shslssed otalejl (Vshes 5 (S issd
S19,08 5 St b dilosens (5 5en gz (55l 9l Sl
s led go

Sl Jb ol

2,05 0525 @8l yo ol

S 90 33 sl Sgend WT oo 9 (52913 (2 505 5
Uy 5 ALA JlapeST T 5 Shos o5 s amallgoyslle
S50, b a5 g o1 glaJiSGol, clled e 5o ()]
4 WS o oo o) Ka g a8 axdllas gl (VF) A0S o anb
il Slivdgie el Sl s (g3l Jled
o ded e 5 Gizmnl ! laoetsn ol ol &
o Aleslys ggezme ;0 (VF) 05l 0 logysysi po ol
©9g9me Slalllae b slo Sogesl jo Navl/3 e »
pac ol> adlas glacusgass Il ouls plxl
Lol NaVL/3 suiiS oo g & MIRNA-96 (5,505l
4 Sl 0 k8, Slilel g pSojlail pae (rizen
5l (S e slapgg o Sles (a3l (e

L s oy S5 4 ol s sloacily 4 gt
9 S| o‘).o.b ‘Sl.u alac 5 Nav1/3 u,a.f.ag).v UL"' u,,..bsl

1-lgbal Z, Azmi S, Yadav R, Ferdousi M, Kumar M,
Cuthbertson DJ, et al. Diabetic Peripheral

Neuropathy:  Epidemiology, Diagnosis, And
Pharmacotherapy. Clinical Therapeutics 2018; 40(6):
828-49.

2-Dabbagh Ns, Sari Sv, Salek Zy, Abdollahpour Am,
Fathollahi S. Effect of 12 Weeks Resistance Training
on Neural Conduction in Type 2 Diabetes Men with
Peripheral Neuropathy. Studies In Medical Science
2017; 28(5): 353-62. [Persian]

3-Kobayashi M, Zochodne DW. Diabetic Neuropathy

and the Sensory Neuron: New Aspects of

VPoe obT cccin olosds (b 9 ot 0339

Pathogenesis and their Treatment Implications. J
Diabetes Investig 2018; 9(6): 1239-54.

4-Sato Y, Shimizu M, Mizunoya W, Wariishi H,
Tatsumi R, Buchman VL, et al. Differential
Expression of Sarcoplasmic and Myofibrillar
Proteins of Rat Soleus Muscle During Denervation
Atrophy. Biosci Biotechnol Biochem 2009; 73(8):
1748-56.

5-Bennett DL, Clark AJ, Huang J, Waxman SG, Dib-
Hajj SD. The Role of Voltage-Gated Sodium
Channels in Pain Signaling. Physiol Rev 2019;
99(2): 1079-151.

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


https://www.sid.ir/en/journal/JournalList.aspx?ID=3644
http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

le&m,@b@w&,\w -

6- Xu W, Zhang J, Wang Y, Wang L, Wang X.
Changes in the Expression of Voltage-Gated
Sodium Channels Navl. 3, Navl. 7, Navl. 8, And
Navl. 9 In Rat Trigeminal Ganglia Following
Chronic Constriction Injury. Neuroreport 2016;
27(12): 929-34.

7- Alvarez-Suarez P, Gawor M, Proszynski TIJ,

Cells-The

Editors .Perisynaptic ~ Schwann

Multitasking Cells at the Developing
Neuromuscular Junctions. Semin Cell Develop
Biol 2020; 104: 31-8.

8- Smith MB, Mulligan N. Peripheral Neuropathies
and Exercise. Topics in Geriatric Rehabilitation
2014; 30(2): 131-47.

9- El-Kossi AEA, Abdellah MM, Rashad AM, Hamed
SA. The Effectiveness of Evening Primrose Oil and
Alpha Lipoic Acid in Recovery of Nerve Function
in Diabetic Rats. J Clinical & Experimental
Investigations 2011; 2(3): 245-53.

10-Oyenihi AB ,Ayeleso AO, Mukwevho E, Masola
B. Antioxidant Strategies in the Management of
Diabetic Neuropathy. Biomed Res Int 2015;
(515042): 515042.

11-Tayebi SM, Siahkouhian M, Keshavarz M, Yousefi
M. The Effects of High-Intensity Interval Training
on Skeletal Muscle Morphological Changes and
Denervation Gene Expression of Aged Rats.
Montenegrin J Sports Science and Medicine 2019;
8(2): 39-45. [Persian]

12-Mahdian H, Farzanegi P, Farzaneh-Hessari A. The
Effect of Combined Therapy with Resveratrol, and
Continuous and Interval Exercises on Levels of

Apoptotic Biomarkers in Heart Tissue of Male Rats

2 ub‘i PCIT-Y G)LDJ:) irb-&—; 9 S 0990

with Non-Alcoholic Fatty Liver. KAUMS Journal
(FEYZ) 2018; 22(5): 469-77. [Persian]

13-Holmes A, Coppey LJ, Davidson EP, Yorek MA.
Rat Models of Diet-Induced Obesity and High
Fat/Low Dose Streptozotocin Type 2 Diabetes:
Effect of Reversal of High Fat Diet Compared to
Treatment with Enalapril or Menhaden Oil on
Glucose Utilization and Neuropathic Endpoints. J
Diabetes Res 2015; 117(30) : 41-7

14-Hafstad AD, Lund J, Hadler-Olsen E, Hoper AC,
Larsen TS, Aasum E. High-And Moderate-Intensity
Training Normalizes Ventricular Function and
Mechanoenergetics in  Mice with Diet-Induced
Obesity. Diabetes 2013; 62(7): 2287-94.

15-Dworacka M, Chukanova G, Iskakova S,
Kurmambayev Y, Wesotowska A, Frycz BA, et al.
New Arguments for Beneficial Effects of Alpha-
Lipoic Acid on the Cardiovascular System in the
Course of Type 2 Diabetes. European J
Pharmaceutical Sciences 2018; 30(117): 41-7.

16-Karimi N, Bohlooli S, Mazani M. Nanoliposomal
Formulation of Ecballium Elaterium Extract:
Cytotoxic Evaluation Against Human Gastric
Adenocarcinoma (AGS) Cell Line. Nanomedicine
Research J 2016; 1(1): 9-14. [Persian]

17-Tan Z. Differential Expression of Tetrodotoxin-
Sensitive Sodium Currents in Dorsal Root Ganglion
Neurons. J Pain 2017; 18(4): S2-S3.

18-Aghdam AM, Shahabi P, Karimi-Sales E, Ghiasi R,
Sadigh-Eteghad S, Mahmoudi J, et al. Swimming
Exercise Induced Reversed Expression of Mir-96 and
its Target Gene Navl. 3 in Diabetic Peripheral
Neuropathy in Rats. Chin J Physiol 2018; 61(2): 124-9.

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

19-Centeno C, Repici M, Chatton J, Riederer B, Bonny
C, Nicod P, et al. Role of the JNK Pathway in
NMDA-Mediated Excitotoxicity of Cortical Neurons.
Cell Death & Differentiation 2007; 14(2): 240-53.

20-Kluding PM, Pasnoor M, Singh R, Jernigan S,
Farmer K, Rucker J, et al. The Effect of Exercise on
Neuropathic Symptoms, Nerve Function, And
Cutaneous Innervation in People with Diabetic
Peripheral Neuropathy. J Diabetes and Its
Complications 2012; 26(5): 424-9.

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

22-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. Neuroscience Letters 2012; 526(1): 54-8.

23-Hamed NS, Raoof NA. Effect of High Intensity
Interval Training on Diabetic Obese Women with
Polyneuropathy: A Randomized Controlled Clinical
Trial. Phys Ther and Rehabil 2014; 1(4): 1-8.

24-Sluka KA, Rasmussen LA. Fatiguing Exercise
Enhances Hyperalgesia to Muscle Inflammation.
Pain 2010; 148(2): 188-97.

25-Connolly LJ, Nordsborg NB, Nyberg M, Weihe P,
Krustrup P, Mohr M. Low-Volume High-Intensity
Swim Training is Superior to High-Volume Low-
Intensity Training in Relation to Insulin Sensitivity
and Glucose Control in Inactive Middle-Aged
Women. European J Applied Physiology 2016;
116(10): 1889-97.

VPoe obT cccin olosds (b 9 ot 0339

b0 S igo 10 sl Sigedd WT JoSo 9 9L (2 y03 1

26-Galeshkalami NS, Abdollahi M, Najafi R, Baeeri M,
Jamshidzade A, Falak R, et al. Alpha-Lipoic Acid and
Coenzyme Q10 Combination Ameliorates
Experimental Diabetic Neuropathy by Modulating
Oxidative Stress and Apoptosis. Life Sciences 2019;
216: 101-10.

27-Agathos E, Tentolouris A, Eleftheriadou |,
Katsaouni P, Nemtzas |, Petrou A, et al. Effect of A-
Lipoic Acid on Symptoms and Quality of Life in
Patients with Painful Diabetic Neuropathy. J
International Medical Res 2018; 46(5): 1779-90.

28-Daryanoosh F, Shkibaie M, Zamanie A,
Mohammadi M. Effect of Aerobic Exercise and
Alpha Lipoic Acid Supplement on Insulin
Resistance in Females with Type 2 Diabetes. J
Gorgan University of Medical Sci 2015; 3(55): 75-80.

29-Yaworsky K, Somwar R, Ramlal T, Tritschler H,
Klip A. Engagement of the Insulin-Sensitive
Pathway in the Stimulation of Glucose Transport by
A-Lipoic Acid in 3T3-L1 Adipocytes. Diabetologia
2000; 43(3): 294-303.

30-Akude E, Zherebitskaya E, Chowdhury SKR, Smith
DR, Dobrowsky RT, Fernyhough P. Diminished
Superoxide  Generation is  Associated  with
Respiratory Chain Dysfunction and Changes in the
Mitochondrial Proteome of Sensory Neurons From
Diabetic Rats. Diabetes 2011; 60(1): 288-97.

31-Sarvestani NN, Firouzi SS, Falak R, Karimi MY,
Gholami MD, Rangbar A, et al. Phosphodiesterase 4
and 7 Inhibitors Produce Protective Effects Against
High Glucose-Induced Neurotoxicity in PC12 Cells

Via Modulation of the Oxidative Stress, Apoptosis

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

Q|,lS.m,‘so.|pBublé..x.,~ -

and Inflammation Pathways. Metab Brain Dis 2018;
33(4): 1293-306.

32-Zhang YP, Song CY, Yuan Y, Eber A, Rodriguez ,
Levitt RC, et al. Diabetic Neuropathic Pain
Development in Type 2 Diabetic Mouse Model and
the Prophylactic and Therapeutic Effects of
Coenzyme Q10. Neurobiol Dis 2013; 58: 169-78.

33-Uchendu C, Ambali SF, Ayo JO, Esievo KAN.
Chronic  Co-Exposure to  Chlorpyrifos and

Deltamethrin Pesticides Induces Alterations in

VPoe LT cccin o5losds (it 9 ot 039

Serum Lipids and Oxidative Stress in Wistar Rats:
Mitigating Role of Alpha-Lipoic Acid. Environ Sci
Pollut Res 2018; 25(20): 19605-11.

34-Kim SJ, Nian C, Widenmaier S, Mcintosh CH.
Glucose-Dependent  Insulinotropic ~ Polypeptide-
Mediated Up-Regulation of B -Cell Antiapoptotic
Bcl-2 Gene Expression is Coordinated by Cyclic
AMP (Camp) Response Element Binding Protein
(CREB) and Camp-Responsive CREB Coactivator 2.
Mol Cell Biol 208; 28(5):1644-56.

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


http://dx.doi.org/10.18502/ssu.v29i8.7659
https://jssu.ssu.ac.ir/article-1-5344-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-12-09 ]

[ DOI: 10.18502/ssu.v29i8.7659 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 16 Jan 2021
Vol 29| Nov 8 | Nov 2021 Accepted: 2 May 2021

Protective effect of interval exercise training with different intensity and
alpha-lipoic acid supplement on Nav1.3 protein in soleus muscle of diabetic rats

Seyedeh Fatemeh Fatemi', Seyed Abdollah Hashemvarzi'!, Amin Farzaneh Hesari*

Introduction: Diabetes is a common metabolic disease, which leads to diabetic peripheral neuropathy.
Peripheral neuron damage result in Navl1.3 elevations. Exercise training has beneficial role in diabetes
management and peripheral neuropathy. Alpha lipoic acid (ALA) is a powerful biological antioxidant.
However, the role of exercise training and ALA on Nav1.3 are not well understood. The aim of the present
study was to investigate the effect of training with different intensity and Alpha lipoic acid supplement on
soleus muscle Navl.3 protein in rats with type 2 diabetes. Thirty-five male Wistar rats were randomly divided
into seven groups: healthy control, diabetic, complementary diabetic, intensive exercise diabetic, moderate
exercise diabetic, intensive exercise + supplemental diabetic, moderate exercise + complementary diabetic.
Methods: In this experimental study, 35 male Wistar rats were randomly divided into seven groups: healthy
control, diabetic (D), complementary (alpha lipoic acid) diabetic (ALA), diabetic high intensity training
(HIT), diabetic moderate intensity training (MIT), diabetes HIT+ALA (ALA + HIT), diabetic MIT + ALA
(ALA + MIT). Rats were diabetic by intra-peritoneal injection of STZ. The HIT and MIT protocols were
performed five days a week for six weeks. HIIT included 10 bouts of four minutes (running at 85-90% of
maximum speed) and MIT 13 bouts of four minutes (running at 65-70% of maximum speed). ALA was
administered orally 20 mg/kg once a day by gavage. Navl.3 protein levels were measured by
immunohistochemistry method. Statistical operations were performed with SPSS version 16 software. One-
way analysis of variance and Tukey were used to analyze the data.

Results: The level of Nav1.3 increased significantly in diabetic group compared to the control (p<0.0001).
Moreover, HIT (p=0.0015), MIT p=0.0056), ALA+HIT (p<0.0001) and ALA+MIT (p<0.0001) decreased
significantly Nav1.3 compared to the diabetic group.

Conclusion: HIT and MIT can reduce the expression of NaV1.3 in soleus muscle in diabetic rats. ALA
combined with exercise training can be more effective to reduce diabetic neuropathy.
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