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@ : ABSTRACT
mTORC1 marker pathway is one of the crucial pathways for the regulation of transcription
i level and an essential route involved in protein synthesis in skeletal muscles.
Accepted: 27 Jan 2019 [ISTEEE This study aimed to investigate the effect of endurance training on mTORC1 marker pathway
Available Online:01Jun 2019  in soleus muscle of type 2 diabetic rats.
¢ [VETEEE In this experimental study, 16 Sprague-Dawley male rats (Mean+SD weight: 270+20g) were
obtained. After induction of diabetes (by streptozotocin administration), the rats were randomly as-
signed into two groups: endurance training and control. The exercise training was administered to the
experimental group performed 4 days a week for 8 weeks, while the control group did not receive any
training program. The study proteins were measured using western blot method. The Independent t-test
analyzed the obtained data.
[T A significant change was not observed in the total content of Akt1 proteins, P70S6K1, 4E-BP1,
and P70S6K1 phosphorylation content in the experimental group compared to the control group, but
the total protein content of mTOR, the phosphorylation form of Aktl proteins, and 4E-BP1 was signifi-
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Keywords: cantly higher in the experimental group compared to the control group.
Endurance training, Eight weeks of endurance training can activate the Aktl/mTOR/4E-BP1 pathway in the
mTORC1 pathway, mTORC1. Therefore, with regard to muscle atrophy in type 2 diabetic patients, endurance training can
Soleus muscle, Type 2 activate the mTORC1 marker pathway to regulate the transcription genes and subsequently, the expres-
diabetes : sion of proteins.
Extended Abstract have shown that mTOR Complex 1 (mTORC1) signal-
ing plays an essential role in regulating protein synthesis
1. Introduction and degradation [3]. Akt protein regulates and activates the
mTOR protein and pathway [4]. Therefore, mTOR pro-
he loss of muscle mass (atrophy) is a com- tein can regulate protein synthesis through changes in the
mon consequence of diabetes. In this situa- downstream phosphorylation of proteins such as P70S6K

tion, protein degradation increases, and its and 4EBP1 [6].
production decreases [2]. Recent studies
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Endurance exercises can improve muscle performance
and functional capacity. The production of musculoskeletal
strength is associated with the ability to perform daily living
tasks [8]. Endurance exercises with specific intensity can
be useful in increasing musculoskeletal mass and functional
capacity [9]. So far, the effect of endurance exercises on all
signaling pathways of protein synthesis or muscle hyper-
trophy, and especially the mTORCI1 pathway, has not been
well studied. In this regard, this study attempted to examine
the effect of endurance exercises on mTORCI1 signaling
pathway in the soleus muscle of rats with type 2 diabetes.

2. Materials and Methods

This is an experimental study using test and control
groups. The samples were 16 two-week-old Sprague-Daw-
ley male rats with a Mean=SD weight of 270+20g. For in-
duction of diabetes in rats, Streptozotocin (STZ) solution
was administered intraperitoneally (60mg/kg) 15 min after
injection of nicotinamide (110mg/kg) [13]. To ensure that
the animals were diabetic, their blood glucose was taken
72 hours after injection. A blood glucose level of 126-260
mg/dL was considered as an indicator of type 2 diabetes
mellitus [14]. One week after the induction of diabetes, the
rats were randomly assigned to two groups of endurance
(n=8) and control (n=8). The endurance group performed
exercises for 8 weeks, 4 sessions per week. The exercise
program was to run on a treadmill for 42 min per session
which included 6-min warming up (10-12m/min), 30-min
continuous exercise (15-20m/min), and 6-min cooling
down (10-12m/min). The treadmill incline was O degree
with no change during 8 weeks [15]. During this period,
the control group performed no training. The rats in both
groups received no insulin treatment.

To eliminate the acute effects of exercise and the uncon-
trollable stress variables of samples during exercise, they
were anesthetized based on ethical principles with an intra-
peritoneal injection of a ketamine-xylazine combination 24
hours after the last exercise session. Then, the soleus muscle
tissue was removed from the animal's body, rinsed in saline,
and then immediately frozen with liquid nitrogen and kept
in a freezer at -80°C. The study variables were measured
using western blot analysis. Developed immune complexes
were visualized by using a chemical radiation method and
X-ray films. ImageJ software V. 1.18.0112 was used to mea-
sure the density of the bands, and the results were presented
after normalization against reference protein (B-actin) [16].
For analyzing data, first, the Kolmogorov-Smirnov test was
used to determine the normality of data distribution. Since
the distribution was reported normal, the Independent t-test
was used for comparing groups. The analysis was conduct-
ed in SPSS V. 19. The significance level was set as (0.05).
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3. Results

There was no significant difference in the total protein level
of Akt1 (P=0.45), P70S6K 1 (P=0.35), and 4E-BP1 (P=0.94)
between endurance and control groups, but the difference in
protein content of mTOR (P=0.008) was significant. More-
over, 8-week endurance exercise caused a significant differ-
ence between two study groups in phosphorylation level of
pAktl [serd73] (P=0.014), p-mTOR [ser2448] (P<0.001),
and p-4E-BP1 [Thr37/46] (P<0.001); however, this dif-
ference was not significant in protein level of p-P70S6K1
[Thr389] (P=0.06). By comparing the total and phosphoryla-
tion levels of proteins, significant differences were seen be-
tween total and phosphorylation levels of Akt1 (P=0.03), and
4E-BP1 (P<0.001), but no significant difference between
P70S6K1 (P=0.10) and mTOR (P=0.06).

4. Conclusion

The results of this study showed that after 8§ weeks of en-
durance exercise, Aktl/ mTOR /4E-BP1 signaling pathway
activates the mTORCI pathway in subjects with type 2
diabetes. Therefore, endurance exercise resulted in protein
synthesis through the mTORCI1 pathway. This may be due
to the conditions of the exercise program in terms of inten-
sity or duration. Therefore, for protein synthesis or muscle
atrophy in type 2 diabetics, an exercise program with ad-
equate intensity, duration, and type (e.g. a combination of
endurance and resistance exercises) should be considered.

Ethical Considerations
Compliance with ethical guidelines

This study has an Ethical Code number (IR.SUMS.
REC.1396.51062) from Shiraz University of Medical
Sciences.

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Authors' contributions

Writing: All authors; Sources & validations: Saeedeh Shad-
mehri and Neda Aghace Bahmanbeglou; Analytics of data
and Methodology: Mohammad Sharafat Moghadam; Edit-
ing and management project: Farhad Daryanoush.

Shadmehri S, et al. Endurance Exercise on mTORC1 Marker Pathway in the Soleus Muscle of Type II Diabetic Rats. J Qazvin Univ Med Sci. 2019; 23(2):92-103.




The Journal of

Qazvin University of Medical Sciences (JQUMS)

Conflicts of interest

The authors declare no conflict of interest.
Acknowledgements

The study conducted at the University of Shiraz and Shi-

raz University of Medical Sciences. The authors would like
to thank all those cooperated in this study.

Shadmehri S, et al. Endurance Exercise on mTORC1 Marker Pathway in the Soleus Muscle of Type II Diabetic Rats. J Qazvin Univ Med Sci. 2019; 23(2):92-103.




S ise e ISl alias S MTORCL (5515 iUl pauane y9 siolisiun! _ou ;9 Collnd 3o
Y £95 Culd Mo 2l pee

¥ IS cyote &51 16 ¢® ¥ b3l y> sla y3°* 0" pae 28l oo ¢ (5 40dld o3pmw

Ol gDl ST o235 055 1 (o) (ras plol 5ol g 225 ple 5 G Caneyf 09, -
-l 650l (oDl 85T oKl 05 KLt arlg =Y

Ol il il ol uliitdly (5 pole 0aSild o 05559 (S35M92 525 09,5 -

ol s sl sle e oMol o3l elStilo  JgiS ol sle aoly o o859 pole 9 s S 09,5 -F

Y 0t
2 eTgy a3 325 30 (5L prans 3 indea 3l (K 9 (st gy Ol aaid mio (518 ymane IMTORCT (g3 pyailits jane VWAV cpage -V
ol (Sl alize IFAA sl 5 1)
Sl ¥ ggs il 4y

38l 5 (225 09,5 lgie &) (el alhae 09,5 Y dy (Solas (B9, 4y rmagiginhs el Jsloee 25l 3l Gl ubd 5l s 9
@ﬁ}"\.ﬁlﬁﬁ455{@59ML::05;6‘5117)0§AJ£5|0)3’@j)sqwﬁm/\&dnﬁjm)é)’j)?‘53)7.&'05;‘.\3&”“33
odlitiusl Jiune (5 (y9031 51 mooks Julods o 435285 (sl g (5 5eS o3l Dl ¢y yhusy b9y By 5| ol Badiod (slogyaty g izl
Al

09,5 38 PTOSEKL a1y, als yaud o8 (lyioee g AKTL PTOSEKL: AEBP (slnyutig s ol (laioen ) (508 sinn yuui
9 AKTL: mTOR (gl yut5g s b yaud o8 g MTOR (1595 ol (slazoee Lol cais sumlivn aalds 09,5 ay Connd Sl (s yo5
Sl Lasly gl e aul3dl aald 09,5 4y Conns staldtil ¢y a3 09,5 10 4EBPL

4 4265 b cplpliy 08 Jled MTORCL s |, AKTL/MTOR/AE-BPL yiune Condlys (oliins] (o509 o33 po5 dtis A [IPVEEEDSE
Locyh o999 pedais (612 1y MTORCL (g3l il o Wilgs oo sialiins] 28559 Codlad ¥ 295 b ol Lo o ‘:“)La’s NES
S Jlad Ly (L Ldlace g

alae o gwlawl ¢y po3
s ¢ glas Sl
Y &4 oo MTORCL

ol el 5 Gal¥l et a5 ol pd cal 0 ol by
JHlse gmmrgis) Slacs 53l S 5l o5 ol ol g0 lS
oS 7m0 dusy oo 45 4y e 38,3 (B9 5T 5y ilisee
(SU e § Fis (510 o 33 525 )0 Sl 0r2 g 9 040135 €9
LS‘L“ s LS‘LQ )ij )L» )‘| ss:‘)l.é.c LATY Ooloc,wo)‘l B s‘_‘,_és 1Y |

Ot 9 Sl Ll gy 40 guae o 555 Sl alae
S5 1y ol sl 53 5% 3 5 S s TG Y-
b adlol J1 a8 adSul alac ooy Jrals awo o

"IGF-1 Ylata g odguad] o5 e il ol Sl
O Cuss Sl daaeSis )5S oIS lime Sl L ol jen
I¥] 6 o S o0 1y i o  SMdae g

Sl e 0093 (0l 10 s S (g 33 et ol

2. Insulin-like growth factor 1

GBS o 7y e s las Elail b (6ym s diTegu
CotnS g Caadls OMSLe oyludl (60 Shos (sl 2! rals
1] S5 i 55 ol

Jsere Gl ) (S (Do) (Dl o355 (28,00

1. Atrophy

1] ghanno oy 93
gl ola 3

w5359 pole 09,5 ¢ suwliiily, g (m i pale 0uSiails ol oLl o3l o 1 SIS

+AA (VA PAYYYIA (oald
daryanoosh@shirazu.ac.ir :asbb/,




bl 25359 callad 13 o) Ko VS ol i (o
Ogedly yind olSol>r) MTOR (12559 3 (slgioee 2 1) (Soglie 5
SP5 pedly yid olsl>) PTOSEK o (YEFA (py s
Sl (0 1) (5l sme ©olds gl ailes,S” cusyy (VAR
2 JLss 4 P70S6K 9 MTOR (glagyuSgy (ygeadls yond
Cellad 030,85 ol B cpl ol (LS (23559 Cullad 9o
o ) Sl Mas o0 slagely (oliud (3559
Iyl QB oo s Saglie Sl ol S

ol oy o3 a3l Ko g% yorane  aioes o Jilie 5

9 AKT MTOR slogyeisy Ogemdleyinsd g pb slzne »
Slaioa yo 1) (6 )l sime (il 8l 50,8 a1, P70S6K1
Ogemidly yhund olSlr) MTOR  (glogyatiyyy  (ygemdly phond
" i gDl olSlz) PTOSEK 5 (YFFA e
Lol eols oyl o9 Cudlad 5l oay aido VAL A0 o (VAR
@ il y Jol clelw jo ols lis bassly oyl 0g Jlo gias
oo (Aal8lm a5y (a9 s o0 703 3l Agl L
Sl ui.o.o mTORC1 &JL&“.NW AS.?‘)?L‘; su.;‘)g 05)1.9
TN 0l a9, (WU ks ol gt | o2y o

(ETERE PP STPRON PR R OVIPRAN e JE 2L
gDl yiund olSol) AKT (glayainny sy 0l 5 5 o
o Sl alie 13 AEBPT 5 (FoA Cyuighyd 9 FVY g
Slgioe y3 1) (6l sine Cglds gulis 98,5 (omy 2 Iy (o
ol (i sl 5 o slacads ;5 (Sl 55 ) AKT (g
G gxe glas ol 5 oy 40 Ladd 4EBP1 .53 5 (slgiona Lal
DAY oI5 Lt 1 (s o sime gl oS ot 43 g Cuhd

P Sl dlas (psiey s wpo e lid B Clalllas

st gults (ol 5 Staghia) (s ol gl s ol
i (55355 Collad o 2nghy 3l pdms (izpen 315 3 )0
9L Lol suslazd 3 j ks jo  SMlac 0045 odid jtalS’ ce98 (yloiedy
S (o (saled (ol (2559 Collab 3T
MTORCL jras poguasdy 9 (i (B9 e b e i
Codlad A5 (gl ol 3l el 00l gy 2 (2974
slalae a5 s Jus alie ;s MTORCL (631 el yoave 2 o559
D90 (st s (2l 0¥ 895 Sl A g Sl (ALl S

54.19‘..\.0 05; 9o 4 as Cowl ‘st).?vj&}t)‘ )«4[’ u’.&.ﬁj}g
MLnju)).;‘ng).?hc ufsya \# ‘U:““ﬂ}& O.g")o CAB; fl.”d‘ KV-{R

7. Lundberg
8. Mascher

9. Serine

10. Threonine
11. Schwalm

MTORCL So UK a5 cal 00ls yLis o lalllas g 85ls
O egn )P g (e i melal ) cege (B
als g PIBK-AKT s oyl 5l oo, slo,gst [¥]
e g oo e MTORCL s 4 S0 (slo JLkons
TTSCLI2) VIY 3950l 35 5t905 (koo (30,8 JUad ue L AKT
Jlsb 5 wulass |, MTORCL yos Rheb puzig s op9,5 Jleb
L Jolow 0095 a5l oy B+ 390 Ly o [F] .aiS o

.Mé‘s‘om‘)

4 gewly )0 uiSey it W o cage i MTORCL
ot s o] Jals o 1 55 oo 8 sl i
le.boldg‘j) J’LM MTORC1 aS” cowl oy A.sg‘ll' 6‘00)3..5
o5 e Slalllao Lol 35 o ol |y (o853 eyt
. Adls Cawyd Sl o 5,9 'y Qilesls
[8] ails canyd SlS o R ol 45 ilesl
8] s o lass 4EBP1

oS el cunliie (g pdySllan Ly <8l SlSuldlas
Al ol e il ilisee gl alezr 5| Cilisea
gte S omlidicun) § Sdplie )55l el Dlae
Slgeasly 5 Wy o3 1,55 groz 53l Judo 4y pol cal 095 o0
B9l i (ol s e 4 (ol (Jslu 5 (JoSIge
‘;5)3).;.:.5 :}\ &\C;)L,.c ‘;)La.c QGL.E.J PR WIS F) LSL%;ES
Nae (Ll ey 4 o F5g ol 0,08 al38l " Dlae
IV] S5 oo Sloms!  taliiinsd g Stoglin (sl pod (2 5o

Cadyls g Dlae o Shos il oo el (5555 (slace o3

el (lilgs b (Sl Dle & ja8 wdgs atidu dgae ) Lagy yo3
g allad b Aalil sl ol jon 01039 (S iallig
Ly ol W3S (5T 5lr plSin3g) a9y 9 (5 lons 5l Wlgi oo
Wlgin (ol plate (23559 Collad ploxl o5 aa3 o li
RIS 50 Shas b 5 Rl oS 0y S50ty (S5 CereS
w5 job 4y [Al ol ol yos YL 35 1 (6 lows 4 Dl a5
S5l o ply31, ¥ o583 otontihs 5 S5 ol achamlie
Hoo oz ]y jaseie glacad b (el (o859 collad b
A s0)Skes Sl o (Sl Dlae 0395 (Ml
92 3 b8 Ceadlus S92 (6l Sl (525 )9 (Sl o5 3,05
st sl Logatisy (295 of il el ol b s s
TA] s gy iy (US| Dz 0355 B9 e 3 g

3. Tuberous sclerosis proteins 1 and 2
4. Rapamycin

5. Morphology

6. Hypertrophy muscle

Y £9 Colsd dy Mine 1) oo (S yige (olas Sl abias ;3 MTORCL (313 ypdibids yamno 33 stolii! oud 359 Cedlad 3l o1 o g (5 505 Baw



A ()l

53 S8 e Dl ¢ yiuwy 218 L3 g leslill
ISl Al 2l Lgloue laz) g, el 5 aid (g S5l
L) L3S’ 3155 5T (gl TRIPA saiS'5d o L
SN 50 Sous yiiles 51 g 9 05 antd (S0 195" 0l
J9e) 55589 S cdigas Jolowo b (40,5 bogloes 5 aiBs )0 590
ad,ST 5 o (Sapel cblu BioRad 5,8 (sgec
AW g_i.".ia.‘; ‘;QLEJ}M: J.:...:ojo (2 6519-

sliad) oadsoals Uil slid gy (slaaily S8 jlay
P Jolowe b Lad uilivgy 5l o g (Croekiing s way9da0
otslojl (slad 1o caslis S e 4y duoyd ¥ (59l5 cyang]
2 O+ ) 03b3:d; (4655 adyl ool oyme 5
ools 3 a0 F sles o b S e 4y oaiilingy Jolowe
g (sSod Slad Joloro by gigumnd Jb dus 3 guuy i
IgG-HRP: 5c-2004 4 Juato 565 50 435l g0l T
Ao jelme Cels S e 4y GBI sled 4o

sl S8 ol 5 ol a0 L gals 5T b e o)les

Total form anti-AKT1 (Sc-135829), anti-mTOR
(Sc-1550-R), anti-P70S6K1 (Sc-230) and anti-4E-
BP1 (Sc-9977); Phosphorylated form anti-AKT1
(sc-52940), anti-mTOR (Sc-293133), anti-P70S6K1
(Sc-11759) and anti-4E-BP1 (#-2855).

stleor (230 G, b oadolml Vsl puSiaS (g

asly Ay s yoeb 43 31,5 500l) wlud 3l oolaxul by 4
5 98,5 (656503l (VA1 VY ases) Image ) Jf5ila s 1,
290 42 (51 I35 55 i 10 (pamae o

D2l wsas a8l aals 3l 09,5 ol o

oy et (8lyr Bgiymanldy Fo0dsS cyga3l 5l Iz
&% OOl 4 4z g b ol eolit] haghy slaosls o3
dglin gl e 5 Sy ey (9031 3l d s o Sy
S5l 5 VA ageus 5l oolasul b Laools ¢ ol ool (29,5
a5 0P/ (g)ls gise mbaw iud Julox g 49525 SPSS
Sl 005 4B )f

ool oy po azan A JLisayols (lis pol> Gadod gl
(P<</¥0) AKTL (139 pb slgiome s (5l sine glis
(P<+/¥0) P70S6K1 .y.z55, «(BY AY .\ o)les JS)

14. Radioimmunoprecipitation assay
15. Protease inhibitor cocktail

16. Sodium dodecyl sulfate (SDS)

17. Immune complex

NS R WARE TR I NANE e
pale ol ails g 4o ‘5;] oo sl g iads ol
£ ol oSt 49 TYEY (olas L S S
WA 4l a5 AY-IY lide, SOl as > g do 0 006
llga pgace 3 )alind 5 dol] oo 4 g (ghi
Oizped D angd e (S35 pole olKtils I alStales]
Srielishen B e ok 50 T yobo 4y lilge> 5L 8590
Jaol a.aiools )5 Loyl a0 o alilej] clilgas o319
o A ] by IS ol ol s 51

A e K5 o oS

" pgigigiy el Jolve datige 10 Y ggi Culs olm (ol
Jo g0 4 (PH=YIB b Yo /) Sl (8L 0 oady J>)
FeSokS o bl arp S dea?e ok aspe S, i 5 Sliw
poS sk V1o 50 L ouolindsSis a3y 4B 10 Sl e 0
3 oliall sl [T s 31335 0 39 5 255k 2 Sl &
VY oliees Spabows 5l lagl (g w8 daglse (il
Sl st aigai g eSS oS by ) o b
2 Sk VP B i gund o S cden VWP 5l g5 08 s
Wb a8, 4l 50 ¥ gl i sils (atlh Glpte 4 i g
Sy 4 e slagbss obd G| g atin S, [V
e i el (B A) a2l (U A) alloe 0 )5 ¥ 4y ol
S e Tl i lidT ol 205 (sloeg,S slogstge
ey (I ,5 g8 9y Adedd 2o Ve B0 Cps b atin

Sy dud> T azan o g ain A S 4y (2 ped 09,5 daliy
BV oS lsi (59, a0 0 lahge (ydags loy e S
(4885 55 2o VYU Ve Coyu) 50,5 )5 adB0 P Jolls cad B
7 g (4B y i Yo UV Caopu) (soglal (3 pod Ao Yo
o g9 (4885 S0 VY U Ve o) (40,50 pus a8
53 DVO] chs (6 pis i A 45 5 091 4> )0 yao 8,5l
Oyt Sl iy ped dli y 4395 gt dald 09,8 «ike
agSgen (Mol g al3lie) 655 50 2 o slagise
B gy 0,98 Jobo 3 1) el gmil b (Slay

IS JB et (sl yeiin g (o Sl BT 050 o 3l e

ot el YF o g 503 sl gl 2l (ylo yo0 by Gige3] yo sl
B3 b9 (B Jgal cule, b o bge (o yod a0 3 5)
£ S 2 p)S sk 00 L) 0l 5l oS 5 Blaogys o
€% 039 oS 2 Sk BB ) (D5 5 (o 0139
ghglund Suislsnied ppw )0 9 0B ALy Gl oy
Gy g sz O3l b 51 oolainl by aloldl s g 00l

o) il dazpo -Ae glas b Jlx (o (gams oo

12. Streptozotocin (STZ)
13. Treadmill

Y £95 Cutlyd s Mo (3l y0 S y¥g0 (ot Sl Alias ;> MTORCL (535,53 A5U5 yamas 99 groliiun] gud'3 9 Cedlad padl5 .yl Ko g (6 a0 B2



. )
P e

AD  JaS o

EAKT -eznna
-
IR

' 16 -
] Far |(BD
3 312
?_'-" R
£ Dos -
; ?o.s
= ?LO.Al 1
£ 202 4
ER
AKTL s AKTlal,ius
Gayat
okedlomo
P Spppleoh

Y o)lols. YY 0590 . \YAA 15 golo,5

(A2) Jr=s s

els I'I"ITOR| 211kDa

4,;25mTOR e S 2o

(B2) i

mMTOR A5 mTORal s

(075 anF 51 le a22)
b e
Mo = R BRm

o o o o
S

(=]

pmTOR and mTOR .}

Jed

(Lﬁ‘)z.o N0 A Slaws) axlllae )90 Lglﬁ:o,)? ;o mMTOR 4 AKT1 Lglﬁso,;.is’)i Alg)n.mé 9 fat{ Glbr\).é 6‘5:\” A lie .Y J&a:l
osiad b (lre Byl 5 uSile B ¢ las Sl alie cdly o A5 S8 lgieas ouaShly g MTOR (putig e A2 ¢ AKTL (g <) iy ygbad Al
sl 0 &8l Sl 09, 51 il iz & g0 4 4S” (LS A3l J S Jlie .o MTOR uzsgy B2 5 AKTL us5g  glaaily odds ca8 yolie

JS3) (P<</+\F) PAKTI ™ - 859, yqmmdls yind
(P<efe++)) p-mTOR=8 550 (BY AY .\ o)let
D-4E-BPL/AG™R74 555 o (AY BY ) o)lad JS2)
5 al5lo 09,5 cyes > (BF AF Y ol JS&) (P<o/+ )
D-PT0SEK- 52255, (slgioen yo oglis ool Lol 13, sl anls

(A3)

o PTOSBK1
o1,,5..5 PT0SEKA |

} o

1g 1 (B3
gie (B9
EEIEE
%:“1.2 .

E %05 -
E - a6 A
ETLOA 1

£ 702 -

& o

= F:fossm,.u Prossm.u,d...,

i e

o+ gdaw yo wald 4y Cos Ao 095 oy Jlo Se olis S92
o[o D o 40 Al yaud g b (glap 8y Slo e Cglis 0929 H#

JS8) (P<+/A¥) 4E-BP1 yu535, 9 (BY AY .Y o Lo JS2)
Ll ea)l..\s 3¢ Jald 9 Oy oj)f O p® Bf Af .Yo)l.o..’.‘:
anll g alslae 09,5 5 MTOR (y.559 5 (Slaszme jo gl oyl
Opmad (BY AV LY oLy JS2) (P<</+ < A) 599 o sizo
Slgioe oo 6)‘%5"-"" Sglas s‘sl.olE.LJ Onyed asan A

(Ad) Jys

(s 4EBP1 : ‘ | 21koa
aly,5.5 4EBP1 ' -zuna

ST mm— o— 203

(B4) i

4EBP1/5 4EBP1 4L ;i3

; o
[ I 1l

(U525 0n,% 51 ele ac)

o oo 8

p4EBP1 and 4EBP1 Mz e

=R .

(sl Shge A dlax) oudiaalllas gloog,3 ;0 4EBPL ¢ P7T0SEKL (gl yasiyy als yaud g ol (slap,d (slsioes duylin ¥ JS&
oline Gzl g o Silee B3 1 lai Sl alie el 5 L5 S lsie dy uiSHLy g 4EBPL oty Ad PTOSEKL aty s Dby iy sslas A3
sl 00 481 aalis 09,5 il iz i 4 a5 (S Ao ST Jilae ;0 4EBPL yuig s B4 4 P7TOSEKL iy (sloails ouis saS yolio sdsmspylis

o[ daw 48 0ol 4 Coud AlSlas 09,5 (o gire Cglds 3929 #
ool c]a.w)o A.lg').iméjpls Lglb‘n}&)‘a@;a CJsLES 05?3#

¥ £45 Culed dy Wino (o120 (sl pige  hed ISl dbias  MTORCL d,b,g&bw,m,awoh.w‘uw”gww,ub u‘,&b,d,g.oblwom




ans el ¥ ey 4o P70SEK 9 MTOR 5 AKT (sl yats 0
9 7) 5500 ooy 90 40 g ol las seliiud Ji,e codled |
Gl e Sulidl paizan by yuals 4 Jiled (Cels VY
dw y 30 P70S6K g MTOR g AKT (gl yuiisypm (slgizee 4o
soglie Codled 5l a5 ,uSoslusl (Csls VY 5 £ Y) ()l

Dyl ws ools ol

3 eyl i gl b o) Ken g LlglulS'y) Guios gl
09 Sedlad 5l Gy MTOR o AKT slagraty s (slgioes
2 bentsn ol ok lnj calind) S o o gelind
ol greliiad (o855 collad plowl (o j0 Badows 9o 0
Codlad a5 ol Cdlas ol sasmolis g 09y aidly (g )lo Sxo
4 ool 4 Caglie JLalS b Wl ge Saliud (2355
9 AU Glone (pizres 098 2K (puign b Jlad
VEFA gadly ynnd ol 53 MTOR (02592 (ygeaidly yiand
39 Codlad CaF lgi oo aS Gl Bl (gl giae iyl
s 085S Jled Slg3 o ¥ 5 Culyd 4y Dis o 81 jo el
A8l (Dlae 895y g (uiS9 jiww 1 MTORCL
610 e Sglis PTOSEKL (4,59 zolaw polo Gudioes 5
SIS s ypanns 3l o5y ¢ LS P70SOK (g 59 0l oyl
s 3 ol Gad . KK a5 cusl MTORCL
b oadgdl b (Dlae slaobs 425 )b 51 MTORCL
e S ¥ o jenlsiud (gileleb 4 a5 CudliGF-1
Jyjglhiasilind plujely ol a5 g5k 4 s o0
@ slid 10 Slands ) s S oo " Slid g 5 (¥ Fe B)
g 039 gn y2ie AKT g PDKL LS oypasigys 5l oolasul
L¥ T a9 sa o AKT o Jlab g (ogrmidly insd 4 ol
59795 ¥ pSheaS Cllad (4,5 098 s 35k 5 eSg
ot IV ams oo a5l 1, MTORCT cudlad ™ 5 IS0
5 Slacsea, 2 SHAKTIMTOR (oo joley (612 poas ST
LYY] el PTOSEK (slacyasigy slos 5 S o

Mogine il 4 (Stalitil (285 )9 Cllad ol 3o )

45 0 yriaPT0SEKL (g (ygedly o g 61 slyine
o) L8) (o9 Cllab 58 2 lgiin ] 0 NSl Jalge S
G.“.ojl.ﬁ.o 2139 Codlad .‘S:ALE:..»I Gy pod B4y 0,5
Jxie AKT/MTOR/PTOSEKL oo oo 5} (B st 4
e Sl Jolo 55 (o359 Cedlad (loj e il 09 oo
4 B9 Sloc s b Saa Vs ()il el (5,500
Cnl Dgdios ymie oS (e Glacnty Tokaw s
Ol b JUsd 4y (o559 Cudled g8 o (b s )5l
Cudlad Conle 4y diny 45 39800 e (J3SUse slashis,

19. Phosphoinositide 3-kinases (PI3K)
20. Phosphatidylinositol (3, 4, 5)-trisphosphate (PIP3)
21. Tuberous sclerosis complex 2 (TSC2)

o lods JS) (P<+/+#) dgus )L’Ls""“’ 05; 95 w5 1Thr389
(BY AY .Y

PNSs b oSy abyjind g b 08 (dlione (e
Oglds ( elituwl o yed atin A Jlos 4 el dwlas
SeSyy alyyind 5 pb lopyd Glpime (loo (s)losne
4E-BP1 4 (BY A .\ ojlad JS&) (P<+/-Y) AKT1
e Lol 50 anlie (BF AF Y ojlads JS&) (P<+/ 1)
JS8) (P</+#) MTOR (slacsu5gy, alsyansd g o5 slap,8
AY Y ol JS) (P<-/\) PTOSEKL 5 (BY AY . o,lot
s oanlice (5,0 cixe wglas (BY

sy Sellad azie A JLos 4 ) (g)ls pime Sglis ol
6“&1—535)-; 6‘53-7“’ ) ..\.QL&S FIEERVS ‘_gLﬁoj)f By 67.@[.53...4‘
olas e (Sl alae jo 4E-BP1 g AKT1. P70S6K1 o5
391 )l8 Sxe MTOR 155 53 pU (glasizms ;o iulidl oyl Lol ol
9 AKTL MTOR (slagyetiy  Ggmdly yinsd (slgzne ()b 3l
Sleize jo (alidl el Ll «cdly (glo sixe ial33l 4E-BP1
B9 |0 siee P70S6K1 (a5 s

(Sl e 35 (5259 3 s plare 9o 4y (ol oy o3
Saely g amd oo Al (5,055 g Slacain p Fiaw ofagda g
13980 (ae Cualitnd (213l g (22 GgeslinnnT (2138
b & oy ok Kol loasids di) cnl o
aile suate Jalge 4y g diend o sl oo o g praditins
W3 o0 Fuanly (0508 9 (Shaliinsl  Shaglie) (o359 (slaclad
Jslate slaclad [VV] sigdh o (Susloms Sy 4 ka5
Ol s Sloml 43 08 &5 Sl (598 (5 e (Saliiwl) (o859
ke g £95 b by g Conl (Sl st gilie 5 JUuSws Jlid 5o
Sagllad el i SIS o i (b9 ol o
slp Oglite (ploy e g g ) Lulyd b (o555
Gl alae jo old J3lbCin; 5 (olondon )55l
DAl el ppe
i sacallad b iSen o MilulSyl oo
laolol>) AKT slagrinn 59 1) (Shaslie 5 (uolitins
olS,>) MTOR ((FVY 310 g ToA cpmighys cygmmaidl yiad
crgmdlyid olSslr) PTOSEK 5 (YFEA s s Dl yid
il (35y9 Collad el 00 (uyp (VAR (yigis
(Seglie (o9 Cudlad 9 OIS g p (yag0 adBS P Ll
iz g1 a2 0l 2 31 )b 5 S ag il (AL Sl
Codlad 5l oy (Celw VY 9 £ 5 ¥) yloj dus 40 Wdyusig (ol
Sleizme o1y (5 lo sire ]38 gl a5, So3lail i 9

18. Ogasawara

Y £95 Cutlyd s Mo (3l y0 S y¥g0 (ot Sl Alias ;> MTORCL (535,53 A5U5 yamas 99 groliiun] gud'3 9 Cedlad padl5 .yl Ko g (6 a0 B2



4E-BP1 (12559 3 aiile (6,500 yonss 5| Oeiign o ¢35
oli‘a‘lq- BN 4E-BP1 C}Ja...: &,ba,o).m)o Lo .b); O ygeo
ol @Bl (6 cina 2ol 58I YY/FF opiies 5

ol gl yos 53l Ko 5 Tald [ Ky0 iy
3 4E-BP1 4 P70S6K1 § MTOR (slayusiy g zokaw 5 1,
st 9 Sedlad Jlan Colus P o Y caiBo Yo o as
olig’lq-) mTOR Oigy uw)l.‘s‘).a.ms ) 'ol.'s' 6‘5:"“’ ..)Jo;
Slas las ploy aw o 1y (g)lo siae ciglas (YEFA 1y ps
55 (gDl yhad olSylr) PTOSEKT (glincyatiy slyions
32 0 (YVITP g5 ygumdl yaud oSsl>) 4E-BP1 4 (YAQ
4 Shghs ol ladse olo las | (g0 sixe (LalS o du
g P (5l (Salitd (slay o3 4 o) 4z 0
Sl yod 4ig% )l g WS g03 Joe MTORCL yo 5,k
I¥8] asS o Jlad e |, MTORCL youce

o Tolaw 45 0D ooalie (6,508 3825 55 (pizeen

Ivel ofs pals ay Joles bl (glogy poi b 4E-BPL
oS Cul €IFAE (g shie Speudats Sy 4E-BPL sy
dawgs elFAE [¥YY] col gy dez i p (gl ol
o (gl ey Jasgd ol (gl (iman g (ygemdls hund
4E-BP1 03Il oy Ogid oo wulais €IFAE 4E-BPs 4
4E- iy 098 o Juaio €IFAG us5gy 4 @IFAE jy ogdle
culd, elFAE s alise sladlils 4 Jlasl ), eIFAG L BP1
WS (o0 5ol IFAF LuSleS wdy 5l amsityd g wiS (o0
4 MTORCL aoyisys 09 oo yomive do 5 900 Jlgo 41 g
e oaile Bl sloodip iy o AE-BPL alalyjiud
ShalS asys g 4E-BPL jl elFAE S el aS 095 oo
[#].09 oo 4oz 5 £9,8 4 il €IFAE 3 AE-BPL 5 oo )

g cellad wan A Jobs ) pol> é-:-a"-f s waledye
5 AKTLMTOR/AE-BPT K Ui s ] il ol
Cubid 45 Moo slo Sdge3T 01, MTORCL (g3 pailics yame
Collad anlllas (pl gl 4 azgi b cnlpl wis” Jlad ¥ g3
MTORCL joue B25bo 3l (atig jiimw 4 (SRaliial (o559
39 4l daalyd Lo 4y ol (S gl e 00y jonie
bl odi)y colled flojoase b ol cus jl eadplxl
b g (g n Fi slp pol> 30 gl 4 4265 b cnl b
L st yo5 dalipy b ¥ g9 i o3l (g (Dae (B9 5 e
(ol (2359 Codlad 5l (oS 55 Mke) £95 9 (sloj ke e
S9d 4188 515 50 (crlie (Soglie g

24. Philp
25. Promoter

2 DVl 08 g s b s sl Wlgi oo o559
Slgizee Yo cre Ol sy 4y ctaliw glacys yo3 pol> §adoes
i e PTOSEK1 (puig s

S5 550 syt 5> e 9 T peulilS B s

) mTOR 9 AKT duwﬁ'sﬂ a.‘a...: » GI.ABLE.A 9 ‘SI.ALE.’L..:‘

Sy po3 3l s AKT (459 53 (Slgsimo aS ol L P70S6K1

ails AKT (puSs  slgne p (s I sime il 09y aundlys

Slgizme o ginglie g  saldinl (lacy yad | syt Dl

Slyome Jlie o g atdly (5 ls gime il MTOR (a5
LYY] 0g assl (g fs sine alS PTOSBKL (yu59

S AKT (g )0 bl Griods gli b G Ll gl
Oy 6‘MW5oﬂ)o|ﬁ} swb‘»‘)&g‘)o mTOR
ool (gl ys yoi Lol sl asdly (g lo sine al38 AKT
wod o gae yial38l 1) P70S6K1 (55 zalaw Wlgi sod
gl g0 0liie o )ISCo g 93l3l5" Gz j0 aS jgbo Lo aSy
b gl oo ymie (raign (nl (Mol 4 (Shaliitl (slays ol
e Sl atriin 19545 00l )35 Olalllae ol 4y a>o5
9MTOR uSdoS 48,5 Jlad (gl y (hol yuuna AKT (jals JLed
Md‘&méwl{‘dbaﬁis'jﬁ‘o)h)éuh&w‘oﬁ.ﬁjﬁw
s 4 (4E-BP1 g P70S6K1 (slayusigy) 3,k 90 3l a5
3,08 3929 alae (slaolSuyd e oo y2eie
‘_ngo_;.S”.;C,Ja.mol)ls,mjwalf@bdjoml)dl)o
Colled g4 g0 5| g 4E-BP1 g AKT. mTOR. P70S6K1
9o ® Lt aL’b W chf")“-\-“ Ls:.ojl.s.o 9 ‘S:ALSJ...J ‘5.::})3
2 Gl gre (talidl eglie g eldiwl ob5)e collad
i pedl i slodlSoly ) AKT (52855, sl
Ogedls yiand olSilar) MTOR (g (VY 0 pon 9 VoA
(YA ygmdly yond (yuigh3) P70SEKL (yuigys 9 (YEFA
392l youd olSsl>) 4E-BP1 13y zobaw Lol sl lis
Sglas aglie (gl yod 40 g ols Lt 1) (6Kt )58l
P AE-BP1 559 s oo Jilie jo ol lid |y (g lo sine
locn yo5 b g (Rals’ (alii slacn o3 LY+ Guigh 5 oSl
IYElols las ) g ot Lialidl  oglio
adlllas gl b as whs olas |y (g ks e 2l38l MTOR
2l P70S6K1 (4595 (slgione 40 Lol scembins]y S jo pol>
odaline (gl gme tul38l pol> aioed 10 145 e yui>

22. Kazior
23. Camera

Y £9 Colsd dy Mine 1) oo (S yige (olas Sl abias ;3 MTORCL (313 ypdibids yamno 33 stolii! oud 359 Cedlad 3l o1 o g (5 505 Baw



Y oylous. YY 0,90 \'YWAA o5 golo s

8 Syppole i

W OllaMe

oiRg5 GV Uyl 3l (595m

IRSUMS.REC.1396. ojlas 4y 5 oS asllas oyl
S8 1y et Sy pole olKils 551062
S o>

Col 0393 Allie S iy gi onge p Alie oyl g )5e plas

Glagidy 8 Jbo el ool 5 sols oS gun
| oé)il C,él.i)é ‘SCLH.'L.J}:& L.’. 6)L26' (SRgE

odurw i gzuyliel g alie By den S
Aposls Joloxs 5 gulidi b, tolucrate BT IS 5 5500l
Pl 0 3l 31059 51 ke g (6Ll g e 3811 oo
&8be 5,85

I dlie 5 la5 alie sl oS i3 gl by
Sl sl

e ol&ils 40 cdalllag gl 3 a5 Sl don 3l sy 8
WSS ca ;ST wilos )57 (6o ¢y S5 pole olSiils o

Y £ Colsd dy Mo o112 (s yigo olns  HSuwl alias 53 MTORCYL (313 ppilidd ywwno 33  stolii] (ond 559 Codlad 3l .1 K0 g (5 305 Btuw




The Journal of

Qazvin University of Medical Sciences (JQUMS)

References

[1] Biglari S, Gaeini AA, Kordi MR, Ghardashi Afousi AG. The effect
of 8 weeks high-intensity interval training on myostatin and fol-
listatin gene expression in gastrocnemius muscle of the rats. J
Arak Uni Med Sci. 2018; 21(1):1-10. [In Persian]

[2] Panahi S, Agha-Alinejad H, Gharakhanloo R, Fayazmilani R,
Hedayati M, Safarzadeh A, et al. The effect of 4 weeks resist-
ance training on murfl gene expression and muscle atrophy in
diabetic wistar rats. Medical J Tabriz Uni Med Sci Health Serv.
2016; 38(2):6-13. [In Persian]

[3] Laplante M, Sabatini DM. mTOR signaling in growth con-
trol and disease. Cell J. 2013; 149(2):274-93. [DOI:10.1016/].
cell.2012.03.017] [PMID] [PMCID]

[4] Menon S, Dibble CC, Talbott G, Hoxhaj G, Valvezan AJ, Taka-
hashi H, et al. Spatial control of the TSC complex integrates
insulin and nutrient regulation of mTORC1 at the lysosome.
Cell J. 2014; 156(4):771-85. [DOI:10.1016/j.cell.2013.11.049]
[PMID] [PMCID]

[5] Patursky-Polischuk 1, Kasir J, Miloslavski R, Hayouka Z, Haus-
ner-Hanochi M, Stolovich-Rain M, et al. Reassessment of the
role of TSC, mTORC1 and microRNAs in amino acids-medi-
tated translational control of TOP mRNAs. PLOS One. 2014;
9(10):e109410. [DOI:10.1371/journal.pone.0109410] [PMID]
[PMCID]

[6] Showkat M, Beigh MA, Andrabi KI. mTOR signaling in protein
translation regulation: Implications in cancer genesis and ther-
apeutic interventions. Mol Biol Int. 2014; 2014(686984):1-14.
[DOI:10.1155/2014/686984] [PMID] [PMCID]

[7] Ogasawara R, Yasuda T, Ishii N, Abe T. Comparison of muscle
hypertrophy following 6-month of continuous and periodic
strength training. Eur J Appl Physiol. 2013; 113(4):975-85.
[DOI:10.1007/s00421-012-2511-9] [PMID]

[8] Crane JD, MacNeil LG, Tarnopolsky MA. Long-term aerobic
exercise is associated with greater muscle strength through-
out the life span. J Gerontol Ser A Biol Sci Med Sci. 2012;
68(6):631-8. [DOI:10.1093/gerona/gls237] [PMID]

[9] Konopka AR, Harber MP. Skeletal muscle hypertrophy after
aerobic exercise training. Exerc Sport Sci Rev. 2014; 42(2):53-61.
[DOI:10.1249/JES.0000000000000007] [PMID] [PMCID]

[10] Lundberg TR, Fernandez-Gonzalo R, Gustafsson T, Tesch PA.
Aerobic exercise alters skeletal muscle molecular responses to
resistance exercise. Med Sci Sports Exerc. 2012; 44(9):1680-8.
[DOI:10.1249/MSS.0b013e318256fbe8] [PMID]

[11] Mascher H, Ekblom B, Rooyackers O, Blomstrand E. En-
hanced rates of muscle protein synthesis and elevated mTOR
signalling following endurance exercise in human subjects.
Acta Physiol. 2011; 202(2):175-84. [DOI:10.1111/j.1748-
1716.2011.02274.x] [PMID]

[12] Schwalm C, Jamart C, Benoit N, Naslain D, Prémont C, Prévet
J, et al. Activation of autophagy in human skeletal muscle is
dependent on exercise intensity and AMPK activation. FASEB J.
2015; 29(8):3515-26. [DOI:10.1096/fj.14-267187] [PMID]

[13] Pierre W, Gildas AJ, Ulrich MC, Modeste WN, Benoit N, Albert
K. Hypoglycemic and hypolipidemic effects of Bersama engleri-

ana leaves in nicotinamide/ streptozotocin-induced type 2 dia-
betic rats. BMC Complement Altern Med. 2012; 12(1):264-9.
[DOI:10.1186/1472-6882-12-264] [PMID] [PMCID]

[14] Shirwaikar A, Rajendran K, Barik R. Effect of aqueous bark ex-
tract of Garuga pinnata Roxb. in streptozotocin-nicotinamide
induced type-Il diabetes mellitus. J Ethnopharmacol. 2006;
107(2):285-90. [DOI:10.1016/j.jep.2006.03.012] [PMID]

[15] Burniston JG. Adaptation of the rat cardiac proteome in re-
sponse to intensity-controlled endurance exercise. J Proteom-
ics. 2009; 9(1):106-15. [DOI:10.1002/pmic.200800268] [PMID]

[16] Khani M, Motamedi P, Dehkhoda MR, Dabagh Nikukheslat
S, Karimi P. Effect of thyme extract supplementation on lipid
peroxidation, antioxidant capacity, PGC-1a content and en-
durance exercise performance in rats. J Int Soc Sports Nutr.
2017; 14:11. [DOI:10.1186/512970-017-0167-x] [PMID] [PM-
CID]

[17] Hansen D, De Strijcker D, Calders P. Impact of endurance
exercise training in the fasted state on muscle biochemistry
and metabolism in healthy subjects: Can these effects be
of particular clinical benefit to type 2 diabetes mellitus and
insulin-resistant patients. Sports Med. 2017; 47(3):415-28.
[DOI:10.1007/540279-016-0594-x] [PMID]

[18] Coffey VG, Jemiolo B, Edge J, Garnham AP, Trappe SW, Haw-
ley JA. Effect of consecutive repeated sprint and resistance
exercise bouts on acute adaptive responses in human skel-
etal muscle. Am J Physiol Regul, Integr Comp Physiol. 2009;
297(5):R1441-51. [DOI:10.1152/ajpregu.00351.2009] [PMID]

[19] Ogasawara R, Sato K, Matsutani K, Nakazato K, Fujita S. The
order of concurrent endurance and resistance exercise modi-
fies mTOR signaling and protein synthesis in rat skeletal mus-
cle. Am J Physiol-Endocrinol Metab. 2014; 306(10):E1155-62.
[DOI:10.1152/ajpendo.00647.2013] [PMID]

[20] Hobert JA, Embacher R, Mester JL, Frazier Il TW, Eng C. Bio-
chemical screening and PTEN mutation analysis in individu-
als with autism spectrum disorders and macrocephaly.Eur J
Hum Genet. 2014; 22(2):273-6. [DOI:10.1038/ejhg.2013.114]
[PMID] [PMCID]

[21] Lipton JO, Sahin M. The neurology of mTOR. Neuron. 2014;
84(2):275-91. [DOI:10.1016/j.neuron.2014.09.034] [PMID]
[PMCID]

[22] Ci Y, Shi K, An J, Yang Y, Hui K, Wu P, et al. ROS inhibit au-
tophagy by downregulating ULK1 mediated by the phospho-
rylation of p53 in selenite-treated NB4 cells. Cell Death Dis.
2014; 5:e1542. [DOI:10.1038/cddis.2014.506] [PMID] [PMCID]

[23] Kazior Z, Willis SJ, Moberg M, Apré W, Calbet JA, Holmberg
HC, et al. Endurance exercise enhances the effect of strength
training on muscle fiber size and protein expression of Akt and
mTOR. PLOS One. 2016; 11(2):e0149082. [DOI:10.1371/jour-
nal.pone.0149082] [PMID] [PMCID]

[24] Camera DM, Edge J, Short MJ, Hawley JA, Coffey VG. Early
time course of Akt phosphorylation after endurance and re-
sistance exercise. Med Sci Sports Exerc. 2010; 42(10):1843-52.
[DOI:10.1249/MSS.0b013e3181d964e4] [PMID]

[25] Philp A, Schenk S, Perez-Schindler J, Hamilton DL, Breen L,
Laverone E, et al. Rapamycin does not prevent increases in my-

Shadmehri S, et al. Endurance Exercise on mTORC1 Marker Pathway in the Soleus Muscle of Type II Diabetic Rats. J Qazvin Univ Med Sci. 2019; 23(2):92-103.

June, July 2019. Vol 23. Num 2




The Journal of

Qazvin University of Medical Sciences (JQUMS)

ofibrillar or mitochondrial protein synthesis following endur-
ance exercise. J Physiol. 2015; 593(18):4275-84. [DOI:10.1113/
JP271219] [PMID] [PMCID]

[26] Rose AJ, Bisiani B, Vistisen B, Kiens B, Richter EA. Skeletal
muscle eEF2 and 4EBP1 phosphorylation during endurance
exercise is dependent on intensity and muscle fiber type. Am
J Physiol Regul, Integr Comp Physiol. 2009; 296(2):R326-33.
[DOI:10.1152/ajpregu.90806.2008] [PMID]

[27] Glass DJ. PI3 kinase regulation of skeletal muscle hyper-
trophy and atrophy. Curr Top Microbiol Immunol. 2010;
2010(346):267-278. [DOI:10.1007/82_2010_78] [PMID]

Shadmehri S, et al. Endurance Exercise on mTORC1 Marker Pathway in the Soleus Muscle of Type II Diabetic Rats. J Qazvin Univ Med Sci. 2019; 23(2):92-103.




