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Extended Abstract

Background and Aim: Spinal cord injury (SCI) is a severe debilitati dn associated with high mortality and
substantial psycho-economic burdens. The SCI comprises an i primary phase and a secondary phase
osis of motor neurons represents a major
Hosphatidylinositol-3-kinase/ Protein kinase B (PI3K/AKT)
iphibition; and phosphorylation of AKT inactivates pro-

has been proposed to be more effective in treatment of diseases. In this context, Liu et al. (2017) showed that in
aged rats, significant changes in muscle rphology occurred due to exercise training, resveratrol, and their
combination, which is probably lated with anti-apoptotic effects through the activation of the AMPK/SIRT1 pathway.

However, no integrated study hasi igated the combined effect of aerobic exercise and resveratrol supplementation

on this pathway in SCI. the aim of this study was to examine the individual and combined effects of aerobic

exercise and resveratrol entation on PI3K and AKT protein levels in the gastrocnemius muscle of rats with SCI,
as well as to asses or function using the Basso-Beattie-Bresnahan (BBB) scale. The research hypothesis was

based on a rgisij ect of these two interventions on activating the PI3K/AKT pathway.

Mat ods: This experimental study employed a post-test design. Forty adult male Wistar rats (8 weeks
old, wei —200 g) were obtained from the animal laboratory of Bojnurd university of medical sciences. After one

limatization to the environment and treadmill, the animals were randomly divided into five groups of five rats
each including healthy control (no SCI), SCI control, SCI + resveratrol, SCl+aerobic exercise, and SCl+aerobic
exercise+resveratrol. The SCI was induced using a weight-drop method (10 g from a height of 25 mm) onto the spinal
cord at the T10 spine. Neurological function was assessed using the BBB scale at baseline and after 4 weeks of

intervention by a blinded specialist.

Resveratrol supplement (Supplied by Sigma-Aldrich) was dissolved in 50% ethanol and then diluted in 0.9% saline

containing 20% hydroxypropyI-B-cycIodextrin. Intraperitoneal injection was performed at a dose of 10 mg/kg body weight

daily for 4 weeks. Control groups received an equal volume of saline.
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The aerobic exercise protocol began 14 days after SCI (to avoid the secondary injury cascade). Exercise was performed
on a treadmill with a weighted supportive jacket. The first week was acclimatization, followed by 4 weeks of main training

(5 sessions/week): starting at a speed of 10 m/min for 20 minutes, gradually increasing to 20 m/min for 58 minutes.

Forty-eight hours after the last training session, rats were anesthetized with Ketamine and Xylazine, and the right
gastrocnemius muscle was removed. The AKT protein levels (sensitivity 0.094 ng/mL, detection range 0.156—10 ng/mL),
and PI3K protein levels (CSB-E08418r, sensitivity 3.9 pg/mL, detection range 15.6—1000 pg/mL) were measured using
ELISA kits. Data were analyzed using Shapiro—Wilk tests, one-way ANOVA, and Tukey's post-hoc tests in SPSS version

25 and significance level was set at p< 0.05.

Findings: One-way ANOVA revealed a significant difference among groups (p = 0.001). AKT levels of Ga§trocaemius
). Resveratrol

red to the
falone group

muscle in the SCI control group were significantly lower than those in the healthy control group (p=0.
(p=0.01), exercise (p=0.002), and their combination (p=0.001) each significantly increased AKT lev
SCI control group. The increase in the combined group was significantly greater than that in th e
(p=0.006) and the exercise-alone group (p=0.03). No significant difference was observed, betiveenithe exercise and

resveratrol groups (p=0.718). (figure 1a)

One-way ANOVA also showed a significant difference among groups (p=0.001). The P Is in the SCI control group

were significantly decreased compared to the healthy control group (p=0.001 interventions (resveratrol,
ol group (p=0.001). Similar

to AKT, the increase in the combined group was significantly greater he resveratrol-alone group (p=0.006)
and the exercise-alone group (p=0.01). No significant difference observed between the exercise and resveratrol

groups (p=0.824). (figure 1b)

1.2 2
1 * * 20 * *
ts _ ts
= 0.a ) |
= N §15
]
RN %
£ N g
Eo_a \ ©
;- \ £
N
o L 0
7 g8 & 8 8 T8 B 8 B
S g & & & ) O
El 3 0 a 2 z 3 3 o 3
o < 3 g El = g g
g g E g g %

Figure 1: AKT (A) and PI3K (B) levels in different groups. *Significant difference with the SCI
control group, $Significant difference SCl+aerobic exercise+resveratrol group. Significance level
p<0.05.

/7
Conclusion: The results of this study indicate that SCI uppresses the PI3BK/AKT signaling pathway in the Gastrocnemius

muscle, which is associated with atrophy and apoptosis. Four weeks of aerobic exercise or resveratrol supplementation
alone can partially restore this pathway and improve motor function. However, the combination of these two interventions
exhibits a marked synergistic effect, significantly increasing PI3K and AKT levels beyond either intervention alone. These
findings suggest that the combined strategy (aerobic exercise+resveratrol) has the potential to inhibit apoptosis and
facilitate neuroprotection through activation of the PI3K/AKT pathway. Therefore, this combined approach may be
proposed as a novel rehabilitation strategy for patients with SCI. In summary, SCI led to a significant reduction in

PIBK/AKT pathway proteins. Both aerobic exercise and resveratrol alone were able to compensate for this reduction,
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but their combination produced a substantial synergistic effect, resulting in not only greater increases in PI3K and AKT

but also improved motor function (BBB score).
Keywords: Spinal cord injury, Aerobic exercise, Resveratrol, PI3K/AKT pathway, Apoptosis
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Abstract

Background and aim: Spinal cord injury (SCI) induces skeletal muscle atrophy, which is associated with impaired in PI3K and
AKT pathways, whereas exercise training and antioxidant nutrients may inhibit muscle atrophy. The aim of the present study was
to investigate the effect of four weeks of resveratrol supplementation, aerobic training, or their combination on muscle PI3K and
AKT protein levels in rats with SCl injury. Materials and Methods: Forty rats were randomly divided into five groups (n=8) including
healthy control group, control group (SCI), resveratrol group (RES), exercise training group (EX), and resveratrol and exercise
combination group. The interventions commenced 14 days after injury induction and continued for four weeks. The aerobic training
lasted 58 minutes at an intensity of 20 m/min for 4 weeks. Resveratrol supplementation was administered at a dose of 10 mg via
intraperitoneal injection. After 4 weeks, the protein levels of PI3K and AKT in skeletal muscle were measured using the ELISA
method. For intergroup comparison, one-way ANOVA test and Tukey's post hoc test were used at the p < 0.05 level.
Findings: Exercise training, supplementation, and the combination of supplementation and exercise training significantly increased
PI3K protein compared to the control group in rats with spinal cord injury (p<0.001). Also, this increase was significantly greater in
the exercise + supplementation group compared to the supplementation and exercise training alone groups (p=0.006, =0.01,
respectively). Resveratrol supplementation (p=0.01), exercise training (p=0.002), and their combination (p=0.001) significantly
increased AKT protein compared to the control group in rats with spinal cord injury. This increase was significantly greater in the

combination group compared to the supplementation and exercise training alone groups (p=0.006 & p=0.035, respectively).
Conclusion: These results indicate that resveratrol and aerobic training restore the AKT/PI3K pathway induced by SCI. Their
combined application is a superior therapeutic strategy to enhance this pathway in combating metabolic dysfunction and muscle
atrophy induced by SCI.
u

trol, PI!AKT, Spinal cord injury.

u

Keywords: Aerobic training,

|
=

A


mailto:al.yaghoubi@iau.ir

AD9 33 ) ple

J

5 9550 oSl g1 Cond S| Sl G (S5 (o (A w0 45 Cesl Wil (] g lony o (1 o]
Jolds (255 ol (V) WS 0 315 anal (L5 (solazl 5 iy, sloan jo a5 0l sa ol jo 109 S 5o 5l (oYL o b
Al s olyen logygusT 5 laygys (pols Cawd 1L 5 Gl ety B yd adgl o] 45wl oo gl g adgl al o 50
oo o (28 ol g3kl g S iy 0 aS wes 0 7y (JeNVge slaslas ) el a5l ol cad gl ol 5o (Y)
a5 o] oA g 55 sl 5l S il o olyan ke Ysb Il g ] 0305 b ey 4o 5L a5 o)l
5 25bse (S8 ol 5l an 60,8kes S o 0 et 5l 5 slogsg ssms] il Sy ssaml ool

(1) Sl (552 0 8dee (555155 59 lge 5 S

B 5leS egn (F) oyl 2 Jsbe qaile oniy g seual o (PIBK) LS 5 JsisuMb .

m ).) 9 (5)9.99;] U"‘"’ Ja‘j.c Q‘)'“" JLLSJ....C s AKT uw)}u)jm aS el ooy ealo e (&) 05*4‘56
25 aily e a3 Sl o] 3l my alolidly el glays,ei yo AKT aS Cafs L ) 555 JRCT PN
S Ja! s Lo ol by sl of o (MTOR) YMLQL;‘) Oyt & 3 *s b & ]38l L

Ol Cge 5 a8 s 5lggl e 3ok 5l ]y s oyl Sgidls 5 521 Wilg5 o PIBK/AKT/MTOR

N) 09 (rae (5,95,

doges )55 Oldlas asily o 6}93-551] 3 63&935¥Lm 5 49 | Sl osdlly gloyo slacdan
- du‘y‘so PI3K “SCbu MT )‘ ey 4—*-]5‘ J.>‘fo ) as
Jl».iud/ )Lera aS Cowl ool QLQ.’“”““’ 09&:‘56 d.Js‘ )9.‘».:5.:1 L)
| Sleyd liel S Wlgiioe 45 298 (Jy98 s3] A
%‘-‘9?5 vas Sz 9 B (g SiS p Jbye o 4 el
S 5l gl WT Codglin oz ol (18 Gua o b Jud

S3Bgigl S0 o0 g a5 S J ) Cuwopmly

S3B5sl Sl e Wil oo 2l o] 5l am

)" @LA)O 5)|¢ ‘J...>| GL“JL“‘ O 3959 (p

o $5lgigl g jeme ] woled! ( cio

I* *
55935 45 ool s 09 D o e e il 4 by 5o QAL s satadys S S Ussliss,

o‘Sa 5Tl O wrs o 2alS 1) (SN 35T 5 WS oo 5T 5> e n 4
bd 525k 5l e el ke 5 55Bg5) sl (a3l alaulgay els el 5lam (Sg)95 0 Shoe

5% S35 g0 PIBKIAKT  JUSas e 3250 5l 55| Jlee crge (28 ol b slas; )0 (s3lsm o5 e 1 oS
OVF) s ol o 00y aly y9and AKT o PIBK 23531 b s po5 Bl

! Phosphatidylinositol-3-kinase

2 Protein kinase B

3 Mammalian target of rapamycin
4 Fan

3 Jung



ooy (5o sl ool sl Lo Lo (loyd 5o yiden ISl (gl (58559 Dl i b ol yan (Slo )y 5,15 oS 55 059 5l
(s s Bl e IMac (659ls8 e 0 (g0 sime Dl aiadl gl jo aS wols L (YY) 1,0 4 5
250 oo ol oy AMPKISIRT pns 50,5 b b 5l (55901 s 13 L Yzt a8 ams oo 5 ey ] oS 5 5 Js5,93,
|, PIBKIAKT puo (32595 zelans Jg550595, Byan g (o359 o ped a5 Qiols Las (VVY) 1,500 5 ol uizman (V0)
sl slacs, ClB jo 1) (559 e SIS Wl oo Jol05, JeSe Bran aF widges sleiny 5 2l Bl (Sl

L5 1 Jasilss, B S 6}‘9—“ G959 oS wSb 6\4_?)1_;_{& asJllas > S99 Q..;.l L.(VF) dides Sguge
Sy 50 Sl M el pl a5 canl 00,55 ol ael> jebay SCI 4o PIBKIAKT e lawgs sodalawly (55904

u‘f‘ R L L)“‘bﬁ)" U"‘ ‘QJ‘)JL».: R PR S L§l>4a (s cdadloe 6&0).».{3‘) 6)Lu4~.QJ 6‘;: 09.0J chs»l)slw.:o

sl 5 55 3] il 3o
b yesie (5 S0l (wlol 2 5la3s 550

SAM] oo (nl ;o ol plowl (225 09,5 s 9 J 715 09,3 99 L B
Py e B ool Gelaslonlyy 0 y5lae 3e5lom B
ool sSils Ellga olStylos] 51 a5 ot eoliinl s YR LM o
= 2 JEl Gl e DUl ol g5l 5 95 (SAn
Olgre 09,5 o w3 S (5 L (Bolas g0 & > 5 00 sk 09,5 (359 oelel 2 Bl ISl (69, el
sl 0g,5 Jolis (n= A)oa;)l.e‘?)éscbow‘ol?u I olool 5l g ol a8 5 a5 0 (n=0) Wl S 09,5
Geios a8 1,8 SCI (s5len wwnb% Clsslya (apes SCI 55195, JoSe B y—an SCI S

.

9 pole 5 (S San i olinghy gl 0 @M 09 S gy ;0L

258 by
B 1 yeeliS gl 31 ookl b Sl 0 5 YYD a5 oy 59 (o) 31
.;usa)e by bas 53 i S 0)S (sheand a0 se e 5 od ool ol T 4y
09,5 g o JyuS sloog )5 .(VY) w0, olow| T10 ashad 1o glu (59, » (500 sho YO glis )l 5
Al Sy bl Sl jo ladd atas

) olbdie S BBB ulide 8,5 1,8 oolaiwl 0,90 (cmae o Slas 05U, (6l BBB) T by S gusls oo
Wl e plail el 5 Slos ooims Lid a5 VY Lol B e plasl &8 > sae saims las ) Ll o]y a5 el
O3y pad ollg e 5l Calas wile ode plad (g0, Sles sl a5 wlide ol (20 Lol gl o o sl

Al bl Bl o aasie lawsi SCI glos, 4 (20 Ll (VA LVY) o)l o)l | eSSl alold 5  Salen

I'Lin
2 Basso-Beattie-Bresnahan



i

- m /T{"
SN PLIERERY i

o5 e e D > 93 B0 ST 50 (LS <850 51 ool atd) o lh95) JoSe 1915955 (B JeSo 092
oS &8 - h-cyclodextrin Juygy (swSg)ied duoyo Ve (gol Sad auojo </l ISiie Jolne 50 alyy) )50
Sl 4y al G5 g, 5 (Slaw 5,0 Djson h s eSS o Gl 4 p Sl Ve Se0 b sl (ul s S

) b G,y odle dliw Jlade 4 og )5 sl

Sole i oS L 5 Gsb Sl (g ped JSSgn (oS sloeg S ol (s5le8 o pedt SS9 Sl
S8 olenl Cam Jued 5 (59, p aielups dndd> g0 o) aen SCI 51 LS (580l 50 Dl 4.34.?-53&) RN ES IS

L ol (o pe3 sbog 8 o el ol 51 s 55, VF 5o (o yed deli s il o] (sl Lol 5 6 5
39, Sad Job joauid 3 13 e o les i b Jeo 5 g5, 4280 Ve Ous 4.}5*515.)).3 "

2l 4 oo Smd) i 5 (G 0 eSS o il e bS5l 5l oS 5 Blio
SS9 Pl n Sl 5 02 2l o) (oled il il o B0 g Loy (O (39 59k
S5 (Bl az e -V Jlxdu o aalsl )0 5 oad deie g Lol B s 9 Jiie 09259 ,500 095° & 09
s 6505 o3l sl s (ol el ) s . e ;0 p S5 Ve B N0 ey anels by L
s aals b id e jo a5 sS T/A- o , CSB-E08418r : SJblS o L) 15391 oS 51 PIBK (555

s ooliil b CuS ol g b Colo Tyl O 0 d ee jo a8 Ve e B VS

(o)loges 5 Joloo o
03031 31 SCI (glaog Sy B Bt oslisd Syl (9031 31 091 om0 510 b oslit
YO 45ai SPSS (bl 53
o o g sl 4 PRI B o o ol 5 0 oslin ) Y4 VP e EXCEL I35 51 s fasai o sl 5

.»)5._»

aazsly

Js Byan g 55len (el i Jlz 5l e g ol jo o, BBB Lubdie ) by e oy Sledbl isu cpl )0
Bras g 53len G yed 3l am g B sl ol 4 dlie sl BBB yael 4 bgyye s ) Jsoz jo el oo o)
Do oo plis 1y Jgyilhe5, JeSe

Gl W 09,5 (19031 (w9 (3903 i 39 BBB (ye03l gl ) Jgu

! Assaygenie
2 Cusabio




| &
IN

- ) - n
AD93 ) @
YY/VEH/Q0) VV/YESYV/FY VV/YELV/YA YYAAEYO/IVY anjw
\EIYEYD/VO YO/ EVA/AY ARVAEAZATAVN ARAESIN AR O,.nﬂ o

J9ls5) Srac 5 Slew nyed gy 555 5l Je3 BBB (wliio G oS ol (Lt 4 )laSy (il g 5T 51 Jol> b

ot Jo5h93y Bras 5 $5ler (nped ISSgy 5l am BBB (aejl 5l Lol mmls oo Lol (p=+TAV) 5,105 5525 (5 lolins &glis

i & S J353])55 50 0n 3 5 (S5lem (e 09,5 50 (Ll pl haes (=t 00 V) b oasline (gloline iglas b 05,5
sl850 alae PISK 5 AKT zshaws duylio jslats 4 .(p<+/+ 0) 052 YL (g, loline ysbo & Jgl,95, 5 JruSWsle 05,5 5 (3905]

2955 & S §)lgime 5k 4 SO JFS 09,5 53 gligs alae CSLAKT glaw o5 5ls Sl 25 (o o33l 5l Jel
O dp=211) o595, JaSeo sl 09,5 1 slBgs alae il o (sl ()l g“
ot ) S5 e/ Y)
2703 5 JoSo slaog 5 L Al
Slosine Dl JoSo g 0y
el ol ools iles Budos la

6[1& os)fu.u Lol (p=‘/‘\" ‘p=‘/"9 u.J)J 44) byw 6)10‘5\.&0‘)
03,5 13 SCI &) o slocs, gligs alae AKT zolaws \ IS
u

H %

HH
*
W

t

AKT (yiigp cdalé
il oo o oS
S

‘ & S? %Ob? %035"

09,5 b o ke gl Ailit Axillan 550 (5Uog 5 crmt AKT ol s dmglio g (3 yIilinsl Gl youil & 5uilen) cimuogi ) S
P[0 (ol e gebans . J9 5315335 JoSot (55198 cped S 5 095 b I Sxe gl LS § SCI J s



A

i SO P I NY R

1o g sligs alise PIBK gelas oy 45 ol L5 dal, Sy el ly Ll ) Lol> gl a0 aliae PIBK duwylie
@S p=2/e 2 ) g F=YVYY) 013 0925 (5)lo (gime Dol o Jg 5195, B ran 9 (5513 (nyod i Jloz 5|y SCI &y Mie
09,5 & S (5,13 Sxe y9bo 4 SCI 28 09,5 ;5 5l8gs aliae C3LPIBK mhaw a5 0ld (JLas (So5 (odiad (9051 51 Jool>
S5 9 oS oJoilies) JeSe sle 09,8 50 sligs alae L 3 el Cul law (p=tT V) S 5 ol S ol
Sloog,S b analie )0 (S5 05,5 55 Sl Gl =20+ 1) g YL SCI 88 09,5 L aliie ;5 (5 logine j5b 4
D9l JoSa g (2 yo5 sl 09,5 (Ll (p=2 0V =t/ P i 5 ) 09yt ) g b 4 2l 4 (el g JoSe
Oiuled Baiod 6o 09,5 ;0 SCI &y M slacs ) gl8gs alac PIBK zolaw ¥ S j0 .(p=+/AY) 0is o‘.uaL.M &,ld gro

| odls ool

{v.__*l_ 5
I ALEE = \
I \
= g \

N B

N4 Yo

N

M
*\ x
?\) QQ QQ

<&
(}

Gglai ailidsn ((uKlbe jlro las E . Kil) axdllaod y90 (sWog S o PIBK Ol poids .Y JSCi
Sel+0 6l oo gl - J9 551935 JeSot 3l (2 p0d S 5 09,8 Lyl (Sre oglis

& -
JoSo g (o359 oy o5 Lol 3,5 Tos 2alS AKT g PIBK (sl putig s pebaw SCI ol 5l am a5 olo oylis pol> ubios guls
JB ol 5l (S5 ames 20l38 SCl cawl b slacs, 10 ()l e ysb o |, AKT o PIBK (a9 zebas Cedlys Jg 51595,

ebls (5 i 3l Lo 4 DBIe 5 Sy 5a L alin 53 (i yed 5 o5ilh05) JeSe S 5 4 39 (nl aalllane ez
Sl g 48l 2alS Bax 4 Bol2 Cons g AKE 43 00 4l jand Akt S PIBK ol cdallas S5 5o ol aalllas b Ll o0

ol 3l g e plail S5 0 Slas iol8l el 10,5 lei (55, (559 Lol 0,5 Tag il 381 SCI 31y a8l Y- jLawls”



A

- 3 - n |
S DEhS e 91“-
09359 9 b SCI lacs, 1o (IGF-1) M= dgudl i o, Jole g (NT-3) "Y' .85 55,95 «(NGF) ' coae o, Jole Lo
ool as ols lid dslllas (pl (V) 0,5 g8 juw SCI (o 1) ouds i8ISl Y- jLewlS Loy g pAKYAKE PIBK Ly 1o 5 le (59,

/

4 sl (Koo 359 e il 0gdge (5> 0 ,Slee 25 el ol gl )0 sl 0gS e b collad g4
3 gl Bz gl b Ll yed (Y +) 358 00l Comnd PIBKIAKE e ol Jlad 3,k 5 Sidg s ,55 Jolse ba ol
sl 4 B89 (19,5 l5 (0559 b S 5 s leteiul she Jlertilie ol sladgbe 5l osliinl b (rpizee adlllae S
woliiwl pac g 51,0 (Y)) wos PIBKIAKT/MTOR IS s pn (5las JUed 53 ,b 5l (el o] 5o o5 > o Slos
85 alSin 555 o 095y MTOR el Ban 05 Gl Jlgen Ldlae 5 Akt (gDl 9 (2015 L AKUMTOR s
A (g Fi 4l 50 g Wb oo Rl 63k ) 9> B den 5 29,0 eSS 098 o0 hnd SpJUSes e
P95 595 Lol Wl oo ais i (RS 5 (g 55 GRal3El a5 el  oliel g sk
Oloie 4 Wilgh g0 (55gTsl a5 sl ols L waleds 5 Cawl 0als caalive SCI i axs (g5Lg5 5l ol 8 oolazwl pae
G5 e aalllae S aiS Jas SCI I e smaae Slailns sy (crae sloJsbo S o
Olgie 4 PIBKIAKY/MTOR (YY) aws (yials SCI 5l s 59001 ke 325k 5l omae il ol
05 o e 1y 55T 45 55s7s) e o () L 35500 438,55 o M1 S

el 43556 SCI o (5 o5l Sle s B S, PIBKIAKT e

S e 2 JiKew e
5 #sd‘bw‘om

Sibesl g S5 50 Splie suzme 3 aelp (mizmen s MAPK g AR S Sl (S Sl
S s 2iile J9Sga (sloositS alhis sy o0 8 - U a5l i Mae ol sla sl
Ju3 b (abs Jloz) Do Ysb (5555 (Jle Olgie 4 (VR )\ Sl ge o 1) (ol slo ik AKT
Iy Shas gol sladsh s3losl cad)ls o ae o3l sla sk 385 795 9 AKT jwo (035
Slgiee Jeoo i Gousd b oddcashi (oeas Lo :

(VF) 0 alanly cwins o |8 ) PIBK-AKt youno 45 (EDS) T o Joloo 7,15 Sliiioe Loy

5;‘,,1_‘9 SIS & s JsSUse zgkaw PIBKIAKT e (55w Jlad SCI L &) oo S5y
ol poogdle s aldl 1y (Jobe SISl lacston s 5 (Somm e Bo0b

ol o Jg 31,95, JoSo ),,;L, (VY 51,50 5 obage abaly pl j0 0 (g i Sogiae Ol lls oles 4
3ge5 (omy |y BB by 0 (ISt oy 0 jles 5 olime lagige (B Cdb la ek seu s olie o Jlgyn

"Nerve growth factor

2 Neurotrophin-3

3 Insulin-like Growth Factor-1
4 Serum extracellular derivatives

5 Fas
¢ FasL


https://en.wikipedia.org/wiki/Neurotrophin-3

- - n
ST SEIENE Y R
5 Sl olon 8 lasle S5nl b srfetar jsb & (ISt 0z S ler o5 2500 sleii @S IS sk
s+l 28l sla b 55l Gl (1L s (6 peKaitzr 55l s 9l s b ol e 03y Ay g5l JeSe 5970
ol 5> el (255 )5 (2 yoT A A 45 395 o0 (G JUBN 0 i )0 ()5l Sl izman 35395, (VA) 90 5 oo
ol 0315 GLis (Jl (nl b AVA) ol (8559 (2 yod ST i a7 0S5 o0 Jld 1) (J9Sg0 61 jmne 351,555 3,190
oS Bl JsSse sla e 12 Jo 5195, w30 (i a5 (F0) wms oo (1) (o555 Sl yo5 13T Jg 51595, &5 ol
SIRT1 (53l Jlsd a5 sl (s bt Juloigas ;o3 anlllas Sy o 0,38 oo dl 0658 od 518 (59 Ol yod il o
S (g0 S Dy g ;0 FOXO3 Lad 5 (590ab y9ded 4 Jo 51,95, Oloyed 0leyd b (22555 G2y Jsbo 5o PIBK-AKt
223 ga Gl B 65 pybolinzt Sl 51 65l 5 B o Shae 5l il (sl 1 29 50 o

J

5y ol e

s Soige 5 sligs (Dlae ooy mals bawgie (3555 Li> b ol w5 b Js s, lJ‘QL‘ﬁ « (F)
5 o5 dhas By 5T Cands (V4 VA) (1,500 5 ' olol 51 .0 8) Coul AMPKISIRTT pans ¢ s 4 Y|
s 2B L 951593, dusyso a3 4l ol yoadsls plad Jgilhe5, b leys & 21y cuas glad

= R B S PUP O
>3 B 2 J9r95) 9
B ol 4y sl
B8 il |, Bek-2/Bas
(10) wib ks e AMPK/SIRTY

G329 45 9Bl Cpedizee (F)) WIS oo Jae AMPK (55Lo Jlad 32,k 51 So3ligisl sl
Ol S g i oo GalS |y bl p53 )l wies o 38l 1) SIRTT A‘*K :
e (Sl Jled b ool S o359 b gl s jeusl e ams e s
S3lse e 5 Jorlieny JoSo oS 5 a5 wdesly plis Koo

09 3500 5 ol b slacy, o o

u
00l OIS STl ST sla gy g 35 sete PISKMAK

J9515955 59° 4 aasly SISl ioren LS
D55 J8 oy 0590 DS (] Bl aS st gileaigs dieild (Lhj)9 (p el Dol g

=S 5 slaan Fadlp G A e uais | ek g g MAe 85 5T SCI 5l _SUPIBKIAKL poe 55y 15 yued A
loazdl ol oS o g5l 1y Sl slag

P59 dslsiy JeSe Brae 5 5jlsn (nyad 45 2905 (5 Az 0
Dgdise o215

&L 2,3

el ot ()55 By o 5l @lee 5 )5 S

PG g (Sl yul

ST 5l g s bl so 8 500m ool o3l JBiils paass 6550 adade dsli)bl 5l a8 S allas oyl
25 JlaS T3, 55 (A talel Jrs 5l (reizean 03,5 (oo (0,08 5 ;K85 Wisgai 63k 1) Lo i ol plox
el

I Asami



i il
3953 ) @9*‘-

1. Rogers WK, Todd M. Acute spinal cord injury. Best Practice & Research Cllnlcal anaesthesiology. 2016;30(1):27-39.
http://dx.doi.org/10.1016/j.bpa.2015.11.003.
2. Terraf P, Kouhsari SM, Ai J, Babaloo H. Tissue-engineered regeneration of hemisected spinal cord using human

endometrial stem cells, poly €-caprolactone scaffolds, and crocin as a neuroprotective agent. Molecular Neurobiology.
2017;54:5657-67. https://doi.org/10.1007/s12035-016-0089-7.

3. Lu J, Ashwell KW, Waite P. Advances in secondary spinal cord injury: role of apoptosis. Spine. 2000;25(14):1859-66.
4. Schorey JS, Cooper AM. Macrophage signalling upon mycobacterial infection: the MAP kinases lead the way. Cellular
Microbiology. 2003;5(3):133-42.

5. Datta SR, Dudek H, Tao X, Masters S, Fu H, Gotoh Y, et al. Akt phosphorylation of BAD couples survival signals to the
cell-intrinsic death machinery. Cell. 1997;91(2):231-41.

6. Vara JAF, Casado E, de Castro J, Cejas P, Belda-Iniesta C, Gonzalez-Barén M. PI3K/Akt signalling pa p‘h y and cancer.
Cancer Treatment Reviews. 2004;30(2):193-204. https://doi.org/10.1016/j.ctrv.2003.07.007.

7. Ma L, Zhang R, Li D, Qiao T, Guo X. Fluoride regulates chondrocyte proliferation and autﬁhagy via T/mTOR
signaling pathway. Chemico-biological interactions. 2021;349:109659. https://doi.org/10.1016/j.cbi.202

8. Wang Z, Zhou L, Zheng X, Chen G, Pan R, Li J, et al. Autophagy protects against PI3K/. iated apoptosis
of spinal cord neurons after mechanical injury. Neuroscience 2017;656:158-64.
https://doi.org/10.1016/j.neulet.2017.07.036.

9. Abbaszadeh F, Fakhri S, Khan H. Targeting apoptosis and autophagbllom al cord injury: Therapeutic
approaches to polyphenols and candidate phytochemicals. = Pharmacologi sﬁ:h. 2020;160:105069.
https://doi.org/10.1016/j.phrs.2020.105069. *

10. Signorelli P, Ghidoni R. Resveratrol as an anticancer nutrient:
Journal of Nutritional Biochemistry. 2005;16(8):449-66. https://doi.org/10.1Q16,
11. Wang D-T, Yin Y, Yang Y-J, Lv P-J, Shi Y, LuL, etal. Re atrol pr ts“TNF-0l-induced muscle atrophy via regulation
of AktmTOR/FoxO1 signaling in C2C12 myotubes. ational munopharmacology. 2014;19(2):206-13.
https://doi.org/10.1016/j.intimp.2014.02.002.
12. FanY, LiY, Huang S, Xu H, Li H, Liu B. R svel‘ol- ri
in SCI rats by activating autophagy and inhibi

2020;736:135262. https://doi.org/10.1016/j.neulet.2020.1

en questions and promises. The

osomes strongly promote the recovery of motor function
ia the PI3K signaling pathway. Neuroscience Letters.

13. Jesus |, Michel-Flutot P, Deramaudt TB, Pa , Vanhee V, Vinit S, et al. Effects of aerobic exercise training on
muscle plasticity in a mouse model of cervical spinal injuiyA Scientific Reports. 2021;11(1):112. https://doi.org/10.1038/s41598-
020-80478-9.

14. Jung SY, KimDY, Yune TY, S
by activating the PI3KI. pa i ts. Experimental and therapeutic medicine. 2014;7(3):587-93.
https://doi.org/10.1016/jiioph 138
15. Liao Z-Y, Cheﬂ-L -H, Su
Sarcopenia in aged regulation of AMPK/Sirt1 pathway. Experimental Gerontology. 2017;98:177-83.
https://doi.or“10.1016/j.ex 7.08032.

SB, Kim CJ. Treadmill exercise reduces spinal cord injury ~induced apoptosis

, Zhao Y-X, Pu D, et al. The effect of exercise, resveratrol or their combination on

16. in C-{, LinC -J, Pai P-Y, Kuo C-H, Ho T-J, et al. Resveratrol enhanced FOXO3 phosphorylation via synergetic
activation ﬁl signaling to improve the effects of exercise in elderly rat hearts. Age. 2014;36:1-10.
17 ricke ST, Faden Al. Neuropathological differences between rats and mice after spinal cord injury. Journal

ance Imaging. 2010;32(4):836-46. https://doi.org/10.1007/s11357-014-9705-5.

D, Beattie M, Bresnahan J, Anderson D, Faden A, Gruner J, et al. MASCIS evaluation of open field locomotor
s of experience and teamwork on reliability. Journal of Neurotrauma. 1996;13(7):343-59.

Garmei E, Yaghoubi A, Rezaeian N. Investigating the Combined Effect of Aerobic Training with Resveratrol Resveratrol
Consumption on SIRT1 and PGC-1Q Levels in Gastrocnemius Muscle of Rats after Spinal Cord Injury. Journal of Mazandaran
University of Medical Sciences. 2024;34(233):39-50. ......... ¢ http://jmums.mazums.ac.ir/article-1-20555-en.html. [In persian].
20. Jung SY, Kim DY, Yune TY, Shin DH, Baek SB, Kim CJJE, et al. Treadmill exercise reduces spinal cord injury ~induced
apoptosis by activating the PI3K/Akt pathway in rats. Experimental and Therapeutic Medicine. 2014;7(3):587-93.
https://doi.org/10.3892/etm.2013.1451.

21. Sun X, Huang L-Y, Pan H-X, Li L-J, Wang L, Pei G-Q, et al. Bone marrow mesenchymal stem cells and exercise restore
motor function following spinal cord injury by activating PISK/AKT/mTOR pathway. Neural Regeneration Research.
2023;18(5):1067-75. https://doi.org/10.4103/1673-5374.355762.


https://doi.org/10.1016/j.ctrv.2003.07.007
https://doi.org/10.1016/j.cbi.2021.109659
https://doi.org/10.1016/j.neulet.2017.07.036
https://doi.org/10.1016/j.phrs.2020.105069
https://doi.org/10.1016/j.intimp.2014.02.002
https://doi.org/10.1016/j.neulet.2020.135262
https://doi.org/10.1016/j.biopha.2022.113881
https://doi.org/10.1016/j.exger.2017.08.032
http://jmums.mazums.ac.ir/article-1-20555-en.html
https://doi.org/10.4103/1673-5374.355762

i SOOI ST

22. Wiggs MP. Can endurance exercise preconditioning prevention disuse muscle atrophy? Frontiers in physiology. Frontiers
in Physiology. 2015;6:63. https://doi.org/10.3389/fphys.2015.00063.
23. Rong Y, Liu W, Lv C, Wang J, Luo Y, Jiang D, et al. Neural stem cell small extracellular vesicle-based delivery of 14-3-

3t reduces apoptosis and neuroinflammation following traumatic spinal cord injury by enhancing autophagy by targeting Beclin-1.
Aging (Albany NY). 2019;11(18):7723. https://doi.org/ 10.18632/aging.102283.

24. Liu C, Wu X, Vulugundam G, Gokulnath P, Li G, Xiao JUSM-O. Exercise Promotes Tissue Regeneration: Mechanisms
Involved and Therapeutic Scope. Sports Medicine - Open. 2023;9(1):27. https://doi.org/10.1186/s40798-023-00573-9.
25. Inoue A, Cheng XW, Huang Z, Hu L, Kikuchi R, Jiang H, et al. Exercise restores muscle stem cell mobilization,

regenerative capacity and muscle metabolic alterations via adiponectin/AdipoR1 activation in SAMP10 mice. Journal of Cachexia,
Sarcopenia and Muscle. 2017;8(3):370-85. https://doi.org/ 10.1002/jcsm.12166.

26. Moon HY, Yoon KJ, Lee WS, Cho H-S, Kim D-Y, Kim J-SJSR. Neural maturation enhanced b’exercise-induced
extracellular derivatives. Scientific Reports. 2020;10(1):3893. https://doi.org/10.1038/s41598-020-60930-6.

27. Li H, Kong R, Wan B, Yang L, Zhang S, Cao X, et al. Initiation of PISBK/AKT pathway by RF-1 decr

injury-induced endothelial apoptosis and microvascular damage. Life Scien
https://doi.org/10.1016/j.1fs.2020.11857.

28. Mahdian H, Farzanegi P, Farzaneh Hesari A. Effect of resveratrol supplementation and i rcise on heart cells
apoptosis in male rats with non-alcoholic fatty liver. Journal of Gorgan University of Medical s. 2020;21(4):39-46.
http://goums.ac.ir/journal/article-1-3480-en.html. [In persian]. |

29. Schrauwen P, Timmers S. Can resveratrol help to maintain metabolic health? *of the Nutrition Society.
2014;73(2):271-7. https://doi.org/10.1017/S0029665113003856 * u

30. Hart N, Sarga L, Csende Z, Koltai E, Koch LG, Britton SL, et alfiResveratrol ces exercise training responses in
rats selectively bred for high running performance. Fﬁo nd toxicology.  2013;61:53-9.
http://dx.doi.org/10.1016/j.fct.2013.01.051.

31. Asami Y, Aizawa M, Kinoshita M, Ishikawa J, Sakuma sverat| enuates denervation-induced muscle atrophy

due to the blockade of atrogin-1 and p62 accumulatiogl nal Jourhal of Medical Sciences. 2018;15(6):628.
https://doi.org/10.7150/ijms.22723. I*



https://doi.org/10.18632/aging.102283
https://doi.org/10.1186/s40798-023-00573-9
http://goums.ac.ir/journal/article-1-3480-en.html




	Extended abstract 2017.pdf (p.1-3)
	مقاله 2017 لست انتشار.pdf (p.4-15)

