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ABSTRACT

Objective: Despite the increasing use of Spirulina supplements among athletes, little
information is available about the effects of this supplement in combination with resistance
training on various body tissues. The aim of the present study was to investigate the effect of
resistance training and Spirulina supplementation EGF/ERK1/2/TSC2/mTOR in male rat
kidneys.

Methodology: Thirty-two male Sprague-Dawley rats, 3 months old and with a mean weight of
150420 g, were randomly divided into four groups: control, resistance training, Spirulina
supplementation, and training-supplementation. The supplement groups performed resistance
training for 8 weeks, and the supplement groups consumed 200 mg/kg/day of Spirulina
dissolved in water. The expression levels of the dependent variables of the study were measured
using the REAL TIME-PCR method.

Results: In compared to the control group, EGF gene expression did not increase significantly
in any of the groups. In ERK factor, changes were significant in the Spirulina supplement group
and the control group (p=0.03). Changes in TSC2 gene did not have a significant effect in any
of the groups compared to the control group. In the mTOR variable, changes were significant in
the Spirulina group (p=0.01), but in resistance training (0.16) and the interaction of training and
supplementation (p=0.06), despite an increase in gene expression, there were no significant
changes.

Conclusion: Taking Spirulina supplement alone has a more significant effect on the
investigated signaling pathway. The use of a training program with different intensities along
with different doses of the supplement is recommended to accurately evaluate the effect of
resistance training along with this supplement.
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Extended Abstract

Introduction and State of Problem
pirulina is known as a dietary supplement that has antioxidant properties (1).The
anabolic mTOR signaling pathway can increase protein synthesis, resulting in
increased hypertrophy (2). Rheb, an upstream regulator of the mTOR signaling
pathway and an upstream regulator of the TSC1/TSC2 complex (3). EGFR activation
has also been associated with kidney development, acute kidney injury, and chronic
kidney disease (CKD) (4). Researchers in an animal study concluded that 12 weeks
of treadmill exercise can partially improve diabetic nephropathy (5). Although the combination
of exercise and Spirulina supplementation not only has an effect on adaptive responses related
to metabolic damage, limited studies have examined the simultaneous use of exercise training
and Spirulina supplementation. The aim of the present study was to investigate the combined
effect of resistance training and Spirulina supplementation on EGF/ERK1/2/TSC2/mTOR
signaling in male rat kidney.
Methodology
Thirty-two young male Sprague-Dawley rats, 120 weeks old and weighing 150+20 g, were
obtained from the Animal Center of Shiraz University of Medical Sciences. Each rat was
housed in a separate cage made of transparent polycarbonate in an environment with a
temperature of 22+2 °C and a humidity of 55+4% under a 12/12-hour light/dark cycle. All
animals were given free access to standard rat food (specially designed for rats supplied by
Parsfeed Company) and were cared for humanely according to the relevant instructions. After
the adaptation phase to the environment, the rats were randomly divided into four groups (each
group, 8 rats) including the control group, the supplement group, the resistance training group,
and the resistance training + Spirulina supplement group. After completing one week of
adaptation, in order to familiarize the rats with resistance training and how to climb the ladder,
they were introduced to resistance training and ladder climbing training for 3 days, once a day.
The eight-week training protocol included climbing a two-sided ladder with a vertical slope of 1
m and a distance between each step of 4 cm. To warm up before starting the training, the rats
climbed the ladder three times without weights and without rest between repetitions. Resistance
training consisted of 3 sets of 5 repetitions with 1-minute rest between each repetition and 2
minutes’ rest between sets. The weight selected at the beginning of the training was 30% of the
rats' body weight and increased to 100% of their body weight in the last week. Spirulina
supplement was also added to the drinking water of the rats in the SP and SP+RT groups at a
rate of 200 mg/kg/day. The rats did not have access to drinking water without supplements each
day until the water containing the supplement was completely consumed (6). Animal samples
were taken 24 hours after the last training session. To measure the parameters, each rat was
anesthetized for about 5 minutes by injecting 10% ketamine (50 mg/kg body weight) and 2%
xylazine (10 mg/kg body weight). After separating the animal's heart from the chest, the left
ventricle was separated from the heart.
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Results

The results showed that Spirulina consumption had no significant effect on the increase in EGF
in male rats (p=0.469). Exercise had no significant effect on EGF in male rats (0.620).
However, exercise and Spirulina consumption did not have a significant interaction effect on the
increase in EGF in male rats (p=0.977) (Table 2). The results also showed that Spirulina
consumption had a significant effect on the increase in ERK in male rats (p=0.03). Exercise had
no significant effect on ERK in male rats (p=0.497), however, exercise and Spirulina
consumption did not have a significant interaction effect on the increase in ERK in male rats
(p=0.358). Regarding the TSC2 variable, the results showed that Spirulina consumption had no
significant effect on the increase in TSC2 in male rats (p=0.533). Exercise had no significant
effect on TSC2 in male rats (0.923). However, exercise and Spirulina consumption did not have
a significant interaction effect on increasing TSC2 in male rats (p=0.728) (Table 2). The results
also showed that Spirulina consumption had a significant effect on increasing mTOR in male
rats (p=0.01). Exercise had no significant effect on mTOR in male rats (0.16), however, exercise
and Spirulina consumption did not have a significant interaction effect on increasing mTOR in
male rats (p=0.06).

Discussion and Conclusion

Studies have reported that exercise can modulate the activity of the mTOR pathway in various
tissues, including the kidney (7,8). Exercise, especially resistance training, has been shown to
increase mTOR signaling and downstream processes, such as protein synthesis and cell growth
(9). Given that mTOR activation in kidney tissue is associated with the occurrence of some
diseases, the inactivation of this factor is considered an advantage for the kidney because it
prevents mTOR activation. ERK can also modulate mTOR signaling and contribute to disease
progression by inactivating TSC2. The results showed that despite the intervention, EGF levels
did not decrease and were not considered a serious risk for kidney tissue. ERK levels were
changed by spirulina consumption, but in most studies, physical activity increases ERK gene
and protein expression. Inhibition and increase of TSC2 through resistance training can affect
the fate of mTOR and hypertrophy. Based on the results of the study, it can be concluded that
Spirulina may have a significant effect on mTOR and its pathway in the kidney.
Originality/Value

Spirulina consumption significantly increased mTOR. While the interaction of exercise and spirulina
supplementation did not result in significant increases in ERK and mTOR, it is possible that the benefits
of spirulina can be utilized in conjunction with exercise in a way that does not harm humans. It is
imperative that further research on this issue be conducted due to its importance.

Research Limitations/Implications

The lack of precise control over the amount of physical activity of the mice, the inability to examine
physical injuries caused by the mice's physical activity, and the lack of examination and control of the
level of possible stress on the mice, all of which may affect the levels of the variables studied, were
among the limitations of the present study.

Ethical Considerations

Compliance with ethical guidelines

The study was approved by the Ethics Committee of Jahrom University of Medical Sciences
(IR.JUMS.REC.1398.011) and was conducted in strict compliance with the United States Institute of
Animal Research Guidelines for the Care and Use of Laboratory Animals.

Metabolism and Exercise

89

[ anSST ‘G wN[OA ‘GZ0T ‘Suridg ‘(HIA[) FSIOIOXH pue WSI[OGRIAA JO [euInof



Funding

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

Authors’ contribution

All authors contributed equally in all parts of the study.

Conflict of interest

The authors declare that they have no competing interests

Acknowledgments

We appreciate all those who participated in the preparation of this article and helped us in this way.
References

1.Hozayen WG, Mahmoud AM, Soliman HA, Mostafa SR. Spirulina versicolor improves insulin

sensitivity and attenuates hyperglycemia-mediated oxidative stress in fructose-fed rats. Journal of
Intercultural Ethnopharmacology. 2016;5(1):57.[ http: // 10.5455/jice.20151230055930]

2.Nemati J, Samadi M, Hadidi V, Macintash B. Effect of Resistance Training on Mtor and P70s6k
Signaling Pathway in Skeletal Muscle of Rats. 2015.[ https://www.sid.ir/paper/264973/en]

3.Hay N, Sonenberg N. Upstream and downstream of mTOR. Genes & development. 200-1926:(16)18;4
45 [doi:10.1101/gad.1212704v]

4.Harris RC, Chung E, Coffey RJ. EGF receptor ligands. The EGF Receptor Family. 2003:3-14.[
https://doi.org/10.1016/B978-012160281-9/50002-5]

5.Atashgahian R, Kashef M. Relationship of BMI with Proteinuria and Hematuria after One Session of
Intense Continuous and Interval Exercise in Girls. Journal of Shahid Sadoughi University of Medical
Sciences. 2022.[ https://doi.org/10.18502/ssu.v30i5.10158]

6.Ahmadi F, Zadeh MG, Habibi A, Karimi F. Effect of resistance training with Spirulina platensis on
PI3K/Akt/mTOR/p70S6k signaling pathway in cardiac muscle. Science & Sports. 2020;35(2):91-
8[https://doi.org/10.1016/j.s¢isp0.2019.06.003].

7.Drummond MIJ, Fry CS, Glynn EL, Dreyer HC, Dhanani S, Timmerman KL, et al. Rapamycin
administration in humans blocks the contraction-induced increase in skeletal muscle protein synthesis.
The Journal of physiology. 2009;587(7):1535-46. [https://doi.org/10.1113/jphysiol.2008.163816]

8.Ahmadi F. Effect of Eight Weeks of Resistance Training with Spirulina Supplementation on Cardiac
Troponin T, Brain Natriuretic Peptide, and Creatine Kinase in the Myocardium. Journal of Nutrition,
Fasting and Health. 2025;13(2):100-8.[ 10.22038/jnfh.2024.83418.1540]

9.Vignaud J, Loiseau C, Come M, Martin I, Rasoanarivo R, Hérault J, et al. Combined Effects of
Spirulina Liquid Extract and Endurance Training on Aerobic Performance and Muscle Metabolism
Adaptation in Wistar Rats. Nutrients. 2025;17(2):283. [https://doi.org/10.3390/nul17020283]




L A el S e i S e s
(@)@ wi0si o

39 EGF/ ERK1/2/ TSC2/ mTOR KU 33 b g ! JoS0 g o glio (p9 03 il
Febo,als
D os Bolo Loy wes P iliey Lugeo 7 5 llallone

1404102/17 s 3y g 1404/02/06 - s 530 o, 1403/10/22 23l 2o s

Olrl g e )8 s olSils  Sludl psle 5 ool 0aSiails o 555 psle 09,5 25 (S5elg5ad sletils 1
Ol g ooyl gl olSils ¢ Sladl psle 5 ool 0uSiils ¢ 59 ple 09, o535 Salsnsed o) puilids) 5 2
salehzar@pgu.ac.ir : ol ¢, @lallis ;] ghmmo odions o9
EGF/ St o] o 5 eglin ey il (1804) 5y 3oko sy sm + iliey Lo« il ikl
102 - 88 u(1) 15 45 ol 5 o 5 g i sl ) 45 5 ERK1/2/ TSC2/ mTOR

DOI: https://doi.org/ 10.22124/jme.2025.29539.387

e wbﬁ‘ L.Jjw' Jaia 9 P JA[JG wb)d el ooy MTOR 6)‘0 o w‘)s‘ H.CL’ L».:Js).u.w‘ dfa.a
Sl @ a8 IS 4y 5,5 soliiwl (55,9 b ool e Lidg el sblie 5l oylgn auls s svalie mMTOR 4 ERK s 5 )ls
ey (0 B & e 9 5390 ol S it Slinkos 4l Sl LS 4 Logil 0985 )5 (]

This is an open access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 International License (CC-By-NC):
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en,
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

@ G & Copyright © 2025 The Author(s); Publiser: University of Guilan
NC




sl sdia Slgo (glyls 5 aLls SanST T L1E a5 sgd o a3l lié JaSe oKy olsie 4 Uiy yepal 03954
Oloy 3o Lyl (25051 0550 50 (128 Slalllas (Dceslasd sty 5 ooy oy o Jeds IS pilinssSd
el ol 0 Shoe Gl codnnd pale (onddS ole ((Bgjem ol Slag e (S0 Suegenne (S90S
o3le ;3760 51 GE)Vl 5eig 6yl Lds ol el oDl ol 0 ool susg 05 (Sl lone 5 095 g relS
B)aws Gl alae (g n s Wlsioe 0T Bran iinly odle 5 0351 2155575 lasenlyivel 5 (St
~or MTOR' SJpil play JUisil s« siaglin (355 42 Sy ipmals Gely 5 (Dl g jiim 4 58 b
Soglie (o3 5l (AL (B9 pmle @Bly 50 b oo Al By mle 4B )s g wmd all ) ey Fiw Sl
Loy Jobo SO 8550 9 0ds5 Camdg 0,5 > L MTORCL .(4)cwl of o MTOR (ygadl yind ol38 b
sty iz bl Jold 4 S oo STy s Gl slaiSTy glsil cBus sloay ) (oDl y5hend
(OIS o0 S S sl sl & Gomsly )0 (masis; 5 3B 3l reizman 5 09300 (3ke Slge 3955 5 Heligyy Aoz
oelis Rheb (6) 55 o JUsb | o 5 sl MTOR 8 JUSas yoamo s YU 00isS s 152515 5, Rheb?
m i oo 3 sl (GAPTPaSE) 00iiS Jlab cysiig s 5y 45 il oo TSCUTSC2Y LuSLaS CewoWl suiiS
(1SS o o Jisb ysé o8 4 (Rheb —GTP) Rheb s o3 GTP 55,008 3,56 aloasg 4 |, mTOR s
s Rheb ol Jld 4 i 5 oS oo jlen | TSC2 ((Sille slooni S Boyb 5l (Sraglie Sl el (riznon
odd lo waled 4 a5l g 009 (B9 mmla Jele ool (agn Fie (Il &S ol aish e MTOR
el pme (nl 535 Jlb b 5l Gaslie (el Vaizl 5 Canl (g Fiie el (25 Slol MTOR
®)osi o0 g5 male

oo 513 Shas o5 CalMAPK) (5o Lags o Jlab S (a5 daslisS (s o iicdsne 31 (S0
9 39 Sl sln 1) ploply (oo ()1 Cond 5l &5 aiten ola S lagjgtne S (oo J 1S ) (ol
(9wl go (ERKS) Jsho )6 ool b L o LS MAPK. (slaisls 5 51 (S i3S o Wl Jshos o
OB 5 baplapaST ((Dlae (225 5 b slaygSl wd 5 Jud 5l Oslite lapusilSe Gk 5l (Goucadled
03,5 Jub 1) (505 (omsy) ladsle il oo yal (nl g 05" Jld | ERK (ogas 43 s MAPK yss wils oo PH
Sy oad s b, oS ol & BGF) ajnl a8 59556 (100355 05 600 51 (i ol el
(DS o o751y Jskoo 3led g 08, (EGFRY) ajom) 0d) 555516 0058 o] oS a4 Jlasl b a8 ol
Sy EGFR (12)cesl Lo o 55 (CKD®) S cyoto 6 )lans 5 caalS ol sl cadS a, L EGFR (il Jlud

' Mammalian Target of Rapamycin

2 Ras homolog enriched in brain

* Tuberous sclerosis proteins

* Mitogen-activated protein kinase

> Extracellular signal-regulated kinases
¢ Epidermal growth factor

7 Epidermal growth factor receptor

¥ Chronic Kidney Disease




Oleys 53 (Sleys Ban S plsie 4 g o Jub S 15 (65lS aal 5l Gy o el glté S 3908 0005
- b 5 ams e il 1) ERK 5eis s o3k EGF g ssscelad a5 wilools oles olallas (13)asly oo CKD
& e BRK (5euidlyj9and oizmon oS SRT, (Jsho Gl boaslyy S a5 wiS oo (esd ERK (55l
5 Jobo 2S5 MTOR s LKews o (512 |, TSC2 Uls5 gss B ysb 4 5 0ol TSCI-TSC2 S5
Gk 3l s 05w |, MTOR s USews caul (ae ERK oo (14)aiS o Jide Sijssil s
S Cal oad olgrin a3l (14 9)uS S8 golon St 4 TSC2 (3,8 Jldpl 5 oomadl jgind
e S T olind-3- o558 ool 5 ERK (o3 Jifiews (Lo pone (53l Jlsd G2k 5| BGFR (o0 U
WWgd olo a5l i a5 eSie EGF asle guis, slo,giSl ol pogdle (15)548 o adS rore coml 4
Ceian @0 S5elS Slom sloailas Gl 1 A0S oo Jornd 1) 25058 5 sl 055 lags Loy llad
Al 525595 2 550 Jole (22555 Sollad Bl rizmen § o

Sl (5559 Sdse 45 Gl iled sl Gl 4y 4T onds (55088 (sl 28 Gl sl 5 allST (B mle
s Sllse> (59) p (B9 SO (piie S9dior (eBgn @30 9 S9lS Sesludgen ;0 Gres Dlpdi Sl
o 5o Orizeer (18) 955 (bo (Slgyh (s S9r Ll Wlgi oo o3 (535 P39 4w 12 a5 b S
Fyo alS ege ilenr 5 St 0 Wlgioe oy 3, il Colld wiin 8 45 waws) ax nl &
QRO0)slasls yy Udg sl JoSe Gpan b i)y Slujed Glojed gwyp 4 (g0game Sladss (19)asl
oRIB Bl g G598l shls (ls e o Uiyl Bran b plss slopls (Staglie (o3 atbe cote slaslllas
Cellad ol e S @y Jshos JE I 5565 ale a3 2 1wis S ssslie (il g3 1) )0 s
2 g5 cls 5 Bl amelS iy opdle S oo Jlb |, MTORCH 5 05 o wsS pos |, 5lieS AMP?
5,50 MTORCI colad igl3él (sl a5 ot Lolse 6,55 b Lasipo Lol aieal gloapusl § saiedguudl youd
ladle 1 Lidg ol 45 am0 o i indim sladaBl I a0 ((22)058 o sanlice laadS [0 aS i LS
s & gyl oo 5 5509 e 23010 aal b STL pgane slagiige 53 al5 2l Sl
L ads oSl 5 095 S5 wilsio oSk d24) 51 (Slplie sl T b Ladye 5)S5Le (slo Gy 2 30
Sl b liios 51 S 5o aSal abpele (25)ams L2al5 2 g5 culis il 1y oulS ol 5 Wiy Ssua
756 2l ar gogame Dlagi el 0l gy S5elS (rere Solen 2 Lyl JeSo 5 (Seglie (e
calis a5 Gl ol 5 el s,y adS cdl Byimle b ldye 55 6l s 5 dSlie 55 ol oSy
S8l (29)l0 38 layd axwg o ooyl ollid 4 Wil Wb (Slikiod oje> Gl o Fge (JiSse (sl pans
EGF/ SodlSews 5 byl oS 5 Saglie (pyos (oS 5 il yolo adlllae 5l G 10 (S SaS oS
il 5 s, ads s ERK1/2/ TSC2/ mTOR

! Tyrosin kinase
? Phosphatidylinositol 3-phosphate
? Adenosine monophosphate-activated protein kinase




bl diges g anol>

Slilga 35 50 ails 5l 0,5 150220 (59 5 oy atin 120 L Sprague-Dawley oI5 51 lg> 5 &)y 32 slows
S @lme o) ias Jiie alilel Gl S (G e A G 5 4 et (S35 pele elSasly
55#4 cogb, g ol 5 6le 2232 &)l ax o b e j0 g 0 (5,1 Glad ol Ll ailSlas .ad
Oy olailinl Glae 4 ol pwyiws Sllps den a4 0l 50K cele 12/12 S5l e a3 > 55 a0
S alogiye ol s oo 5 55 035 (bl 5,2 a0k 436 s o, (sl o3 2L
Slodesligins b slhe 5 0 00l oo lagialel 4 baiye laghy, plos b5 18 Sl codle
ol 1SS (26) ab plowl alKigles] Sllses 5l ealitul 5 udlye saoxte SV Sllss Elidio daobe
(ARJUMS.REC.1398.011) ab )0 p gz oSibys pole olKetols 31 anlllas

2! b5

09,5 +J 7S 05,5 Jalis (o 8 109)5 18) 09,5 Jozr & (ol &0 @ o &) e b )55k Al e Sl
win Sy plesl Gl e W0d e Uyl JoSo + (Saglie (nyed 095 5 (Haglie GayeS 095 (oS
0575 L )l s 59y 2 50 5 59, 3 S @ o3l (28 )V egoiy (aglie o yeily las; olisT gz ()53l
5 osme Jols glaie cuta onyed Sy wiad LAT 0loyi 5l BVl egmi (Bjsal 5 (Seslie (nye ploxd
3 S o8 o ar o e 5l oz ol 35 5 o Al s e Sy gl ot b 4b g ol
3 ol raglie (a3 iz o Yl 51058 51k dw bS5 G Sl sl (g 5 4i5s g ) (203 £,
Sl 455 .09 oo a8 5 L 10 aew o ol il 4iBe 2 g 1S5 e o ol il aiBe 1L 6,155 e
Ca bl o Gialidl ST atan o lag] (59 9,0 100 B 5 04 s, oy (9 doyd 3004 03 £9,5 0 0ol
o PSS, (35 Gl elul 2 badijs 5 6503wl 09,5 8 (59 (el atia o (o] ;o (n oS plx]
o £95 2l 4 D) 8 Sl (nyed Sl i) CadlsSy s dlowg @ oy G yed dnd> s 00l
ol & 200 mg/kg/day ;e a0 55 Ldg sl JoSo .27) a0 Joaio o, oo glol @) (W0l oy
Somels] Gl (oS (g5l ol JolS Brao U 55, 2 0 b, .ol 48loI SPART 4 SP 05,5 o, goelssl
28) wilas s yiws JoSo 3

O3 Ol 9 G diged

Slp oy 2 el g pSojlail sl ol plonil Gijsel aud )3l 5l ey Celes 24 Slilsa Sl (sl aiged
035 e STp 5 e 10) 72 335 5 (o 03 25 5T S koo 50) 210 (ralisS” 5 L aids 5 g0
2 kol G Gl b a8l G Gl a4 Sl e I8 (Lol Sl ey 08 Ghs (O
Jise ol 5 il a2 55 80 Jlwy o 4 RNA) Sl gisn, donsl gl5uial slp 5 <855 5118 (55955 03l
L RNA JS .o g 5ojlail Real-Time PCR by, 5l eoliwl b addllas slo piie 45 olo olie (26) i
LRNA clile 3 3> LSS« pgl> (Cinnagen Inc., Iran) ol la> Cd8 8L 5 RNA zl el oo 5l eolasul
1 51 (cDNA) Complementary DNA .o yuss 1) )’5)lfT J5 55999,:5d1 4 280/260 S5 oSy S ol
o3 sl by ole ow)» <u> (Fermentas Inc.) o i CDONA i oS 3l oolaiwl L RNA 4 54 S0
2% oolaiw! (Ampligon Inc.) Real Q Plus 2x Master Mix Green JSGg, L Uae PCR Lol 51 Jolw




Sl Julxi

b5 laosls (blaal Jolos 5 4525 Sz 5 Shggmls Gaol 5 basih @jsf 539 ormb owyn e
ailio gly (S5 (ohnd 0303l 5 Geizmen 5 ad)b 50 ANOVA (5051 5l aghy (slees,S jo ol
(28)035,5 00liiw] 26 asewi SPSS 158l o 5 Lawsgs (p0/05) (5 lobine gl o by, Sileo

5 4k 90 uilly Jeloo b bgye lo aidly 5 1 Jour 5o addllas 5550 slags olo @ bgeye siross Sl
5 gl o, BGF alil py oybline il Uiy el Gyas ols Lt s ool oad ools olis 2 Jsax
1 Ly sl G5y 5 s po5 3525 02l b (01620)3,15 5 slacs, EGF (g laline yil (2 a3 (p =0/469)5,13
Gpas ol lis @l uzen (2 Jgoz ) =0/97T)oss 5 sloes, EGF aol38l jo (g lolie Loles I
5,005 5 glacs, BRK 5 s ylolins 51 o pe (p = 0/03) o5 5 (slacs, ERK iyl o lolins i1 Lds perl
M 5 oy BRK [igl3l 0o (o loline lolss 51 gl Ligdg pomsl Goyos 5 cyape3 > ol s (p=0/497)

2 Jsaz ) =0/358)
P =01533) 55 5 slacs, TSC2 Lilsdlys o ylobina il Ly pammsl B pus ols Lt gl TSC2 i b bl | 4o
Soles 31 glils Ldg ol Bran g (uped Jl o0l b (01923) sl 5 slacs, TSC2 5 (5loline 51 pe3
S U gyl G pae ol (ylis pizad s (2 Jgoz ) (p 20/728)aiiecs 5 slos,TSC2 il3dl 4o (5, loline
L «0/16) 5,105 5 slacs, mTOR (s lobae S oy s (p = 0/01) o ls 5 slacs, mTOR ol3sly (s lobins

) @ =20/06)scs 5 o, mTOR ol38l jo (slobae Lolas 1 (glls Ldgyul Gpan 5 opyed Jb> oy

2 Jgox
et 5o 03,5 5 EGF/ ERK1/2/ TSC2/ mTOR  clo o5 s olsee -1 Jgor
Table 1. Expression levels of EGF/ERK1/2/TSC2/mTOR genes in research groups
09,5

Lidg gl + 3y Lidg yoman! 03 Jss ok

1/53 £ 0/31 0/86 £ 0/33 1/96 + 0/80 1+1/32 EGF

1/77 £ 1/45 191 + 0/84 2156 £ 1/75 1+0/82 ERK

1/55 + 0/60 2/15 £ 1/05 7126 + 1196 1£0/58 TSC2

0/98 = 0/49 0/86 £ 0/34 0/73 £ 0/56 1+0/64 mTOR

wloas S35 ol Gl £ Sl &0 4 ba ool




mTOR 5TSC2 <ERK ¢ EGF s 48 ,bogo il lg 5001 (9051 gl 2 Jguz
Table 2. Results of two-way ANOVA test for EGF, ERK, TSC2, and mTOR variables

P F o golifoly Ol yo Sl Sk 20 P
0/469 0/540 1 191829 Ul g s
01620 01252 1 42/523 Ry EGF
0977 0/001 1 0/069 L gyl g (3 o3 Joloi
% 0/030 5263 1 4001399 Lod g yunn!
01497 01476 1 36/057 e ERK
0358 01876 1 66/659 Ul a9 52y Jols
01533 01398 1 01179 Lod g s
0923 0/009 1 0/004 Ry TSC2
0728 01123 1 0055 L sl 3 032 505 Jolas
% 0/01 13136 1 2195 U g s
0716 2/44 1 0r14 R mTOR
0106 537 1 065 Ul ol 9 (39 305 Jols

&l Fre Dyl oaims L

Ok 2 el Lyl (53b JoSn 0l @ hoglie (e atin atid 5By Bam byl aslllas
olis yol> guimd 5l odel Caws @ gl ol plxil 5 slacs ) als” 8l EGF/ ERK1/2/ TSC2/ mTOR (sla yial

5 Grhrx 3eins b oodel Cawd 4 bl el 4l g ls cire ialidl ey S 5l SO w0 EGF (45 olo ob
L EGF (5 olo 09 atilys a5 Sl duads  Stoglie oy ped 3] (gmedl LY 51.29) 04 guneal 2022 )1, Koo
IR SIT) o por (29li5 (205 09,5 ;0 EGF 5 ol Q0210 K0m 5 9255 3oy paizmod a2 il
o5 sl £g5 50 Diglas ¢ 398 Sliizs b o guenl ppe Y0 5l el gusnl ol iz b a5 (30) oy aily
ooyl 35, 95 55 ol Ubiys 0 el sl EGFrshan  cadlad S g g5 45 1z sl o solitd
b aslie o0 3] ot EGF sl oy on 5 4 5o ity S 3L 31, HB-EG s & bt
OeS9p 5mTOR 6be.w.o Sbe ‘_lew ):Lo.'f 5).3..53 6be.w.o EGF.cul O‘JA.Q gy Y w‘ﬁ‘ 9 ujjﬁﬂlﬁ
5 el Lt ye S ape lon 5 65elS 0,Skee b EGF il & Llo o] 5 iS e S5 |, AKT jlis
ol e 0325 b 5o ol o S e oy e 53alS (6 ybors 4 Ml anens | loalS EGF pebas als

Al Syl wilgh cod g ailas yralS wad
Oy Jolai g yed (sloog)S o Lol el attls (g lo gime IR ERK (5 lo Wdg sl 0957 50 ol 3o )
9 009 gumod (2018)0515_6.@ 9 G:MJ d’d'”‘? eL’b L» )..ol:> d...a.'?u @Lu o 00945 )L) (o u...ibs‘ O‘i‘ J.aia 9




g odlile Bid 0 Blogdsal wgmme ERKjlo Jld sl ormlio allae (Vsb  Soglis (ped
ol Geod b a5 (B2) og 4l halS (g jloline y5b 4 (od3)9 (e 0,8 50 ERK (5 by C018)), K
a5 Col 039y ol (orgmmedls LYo 51l 0355 guen B (2017) )8 5 (4l 3o b (pizmad .ol 0353 gunoatl
5 555 G b @l (nl Geizmen (33) el ools (il 1) BRK (el j58d e (Vsb (s3l52 350
(B4) 555 a3l Lial33l Liwgio b i b azgi b ERK fyemdly sind oo 45 Col 038 gunesls 2019 ) Kan
b oo Gl ERK 5 ol oy cudlad b g 098 oo rgmme MTOR oo 00isS ouais G ERK a5 o> ] 5
s Jb el EGF Ui 51 (6 lomms 5 - S oo S8 ilSsl aliae 895,000 4 MTOR oy Jlad b
Uy zs JB jsb 4 9 098 o0 TSCI-TSC2 SIS 4y i ERK a4y asly (y90dl y 500 098 o ERK
Wl oo (o23)9 (ryed Lawsi ERK g Akt Jles onlple wiS (oo Ji5e mTOR (25 JUSow Jloe sl 1, TSC2
9 Ol yginnd G5k 5l g a5 Jaws |, mTOR (a3 JuSws Cool (Sos ERK (5> 02l mTOR e Jorne
(oS SaS' 355500 (5 5 Solonr Sty 4 TSC2 ()5 Jlab el

oo Uy ol ek gl ol 45l iglidl baog,S 5l Ky b 55 TSC2 05 ol ol ol il e b
Sl alae 51y Jsho 0959 Sloyms (sroliil 5 (5,08 Sl ye3 45 Sl 005 guanr 2013)0]Kon 5 159000
Bz 50 (30) el 034y gunad (2018 )yl San 5 lglasgsl 3o b s (pizmad (B5) ol 03,55 Jlad Lo jige
2 &obine 36 JoSo Lol 3385 FITSCL ynns 2 Cendlys (oS &y (soslie (2305 2025) Ko 5 550 Bl
o b & e 5 AiS oo g |y TSC2 o SlSe (glaoss o8 2, 51 stoglin oliyyai (37) cudlii jiio 0l
5, Skee .(38)icnl 035 guoal 2019) ) San § ol 3ubizd ol b (pizeen (14) 258 o mTOR 4 Rheb
Akt Lawsgs Laits TSC2 ol 1 ogdle 59 oo 59,5l 4y e 45 395 oo alow! MTOR g aan L TSC2
BNgiso Bo5mle & 2 TSCL oo 5 955 0 ol i

e 09,5 50 Lol e osalie Lidg sl JoSio B e 09,5 ;0 mMTOR ()5 o (61 (s (Bl pol> (tagly )
L ool cos &y @l 0555 Jlosine (33l nl 05 Ol G381 Ss2sl Lyl Brae 5 (e Jalal 5 (Sheslie
mMTOR 63le Jleé cogo coliiul g aoals ools g Soglin o yod Ol 55 Conl 00g) gued Slados S @l
ersat B LYS 51 @1 26) 551 gean b Slalllan 3y gl byl anlllas s S0 G,k 51 (40 35)uss
il JUd g abjgind corge Wlg oo a5 Sl (23559 Dl pe e 5 Db g Saliial g (Seglie o pe5 SS9

13tz S5 5| Gy (55 B Dran Sl gy 095 e 3 Q014 Sem 5 (2SS 0525 MTOR

el 4 eglie el a5 ols Lt laazily izl e ISl dliae 3 MTOR JUSeos oo 51 o shoslin
03,55 (. yod Ol 5o 50 |, MTOR SuJliSiw « hagliia (5559 51w 9 (g 0 Spas (Jg 0atd MTOR i sl

Srae Ge 9 LMTOR Gl (aglio n el Sl o) 40 2014 )0 Sen 5 (7 5lo (42) w5 oo JUub

D3 o0 B ran 59 ey n &5 (Sloj Wl vl oo 2l (55,9 LMTOR gl o5 olo lis gl auzsls (59 (g 0
s Yoot Ldg el 5,b JoSeo 51 oolitad wisls Lzs (1398 ), San 5 00l (soue o (43) b oo L2ul3dl
Cdyion b oobml el Wlgs oo ol ol a5 055 adS” )0 mTORcl JUXw e ol Jlad caely Wilgs oo oloas

MTORC 3 (6 et 233,5" o0litasl Uiy ol JoSo 51 e 705 b lojot 457 (oo S 0 Lol 0357 (5505 (slangs Lo
, mMTOR 25 a4 azg5 b (O)enl )]0 5,9 adS” il (sl JoSo 0l (090 sros o plid a5 ais svalie
nl o Wlgioo MTOR (53,5 Jlad b Lidg sl sy o0 )5 40 (0l (Slig )yt g S (b Jod 5l s92l5” (5 Lo
7 ol slaads” JLbul slasbo ;o mTOR a3 )5 & )90 Sliios Gk oS Coul 55 LB asl SUks ol




e 55elS 3> ol o MTOR (o Jlab 4288 g0 olining 3l 0,005 wlls (gloadS 1 (6wl 5 conl e
503,5 Joo S 65l oo 5 (Shios 9 CeS Slacs lom 5o Lol S g0 SaS aldS (g5lujl 5 pee S 4 5 0092
B yan a0 S & Gz (G WS o ST gilen U5 @ 0 Sl 5 9098 oleny iy el Wigi oo
L b cnl (Seglie oy olyem 4 Lidg pl JoSo Bras Lol 009y STjlas (65alS (lile 5o (2les @ Lidg ]
000 Lidg el 9 (nyod Jols 5 (i yed 09,5 ;0 MTOR 93518 ;5 (sl cne (al3l o Js cl 40,5 walgs S
Al oS ol YU (g cde 4y Ly ol oS B8 o 09,5 )0 MTOR s Jlad sy oo Hhad 4y .l 00is
I, mTOR s codlad Wlgs o (55,9 45 Wil 03,5 3,158 Sldlas aas oo il38l 1) ERK (5 by o codlad 15
csoglie Sl ped ohrg Ay ¢y 45 Cawl 0als sols las (46 A45) wiS fawd b S dlex | el slacdl o
aargi b A7) s oo Gl ]y (dobo wdy 5 utign i wiile woess sl sloald s mTOR oo JUs
45" (sl 95 cnl Gt Jled ol ply Cand ol 0 g los 51 (2 592 b 4T 2L ;o MTOR o Jlad oS
oSLaS aile (aslit gzl (48) osdse MTOR oud Jlb 5l sle (g2 dsbice wgmims Caze K
b 55516 abaly b cilisee SidUSms slo L] 5 (AMP b ost Jleb JUisS 555,2) AMPK e TSCI/TSC2
o5 MTOR o i wlgi o ERK (paiz o (49) uiiS iyl MTOR ol Jyiss o sodpo (o ansl (Scon
poe o ige (So Collad (e BB J5uS pae (1D)asS SaS' (g )logy iy 4 TSC2 (ads Jlad e b g oS
ol sl s 7S g (g oo izpe 5 e (alie Codlad I Sl oy o] gy B
G Slaagaze alaz jlanil anils 13U onds (cuy sloiie gobaw 2 Sl (Ko (Son a5 b Sge 0l

Dy yol>

Bran b 0gd cad Cgumme adS 28l sl gz Hhas g el 00,50 loy [20lS BGF e alslas 0929 b aS ols lis mls
5 s e Gl 1 ERK 5 5 05 ol s codlsd Slallle ity Lol s s ERK s Ll e
0 OReh @l elel o)l U (Be i mle s MTOR - il s )0 Wil oo (Soslie (2 ye3 Gaybo 51 TSC2 ol
26 &S Lyl B pae a3l anils &5 5 o] e 5 MTOR gl ime 31 Ylanod Ll el 25 s g3
S 4 g, adS Cldl 5 g el gmime (gaz sl aaldS (gl Lidg sl JoSo 5 (eglie o yed S5 Lol 035 o

S5l el

Orizmen g lahge (Jelie codled I Sle Suy slaca] gy p Sl pae daige (o ulled Glie BB S pae
asle ).:.it»' W) ) le.b)t.a.:.n C}Jﬂ.nfw‘@éohdfbw}o);o)b ‘5|Lo....’>| U’“J’““""‘CJ‘:“’JI‘“‘S5G““)JJ r:J.c
S pol G glacgsgame alax 3l asil

ouizl (glo aalllas ;o (6,50 (Bran slojed S| g (o Calpli Bl IS S Az p Wl g oo JoSe (Bras jg0 Lal
2,5 oolaiwl pol> Guass il

REAL 5l 26 5 505 (o9, b (i s 59, 2 1y gl JoSo 5 (Soslin (303 3l 10l gy L ailie (c2gy
555 6.5 o3l TIME-PCR




S b Josdlygiws cale,

B9 cole; by ab ol (IRJUMS.REC.1398.011) apa (Sipn pole oliils 5| ateS bwg aslllhs iyl
b all aliyles] Sllges 5l osliiul 5 cadlye sl suscie SYL! Ellges Glidos dnewge by fosll)gims

S gl

el 00,85 28 o elisild b (sl (g0 slagi 58 o el slaglejls 51 ol S SaS gn Gaios

OB S g <5 ) lio

sl o8 jline galus ok 4y daslllas slo isn pled [ B asy g den

&l o)l

Wy ol Lesl 5l lite ad gd e ol Basss

PLEPYRY-H

oS oo 15,8 58,5 oy ol ol o |y Lo g azmals o8 8 allie ol a4 oS LS oles )

1 Hozayen WG, Mahmoud AM, Soliman HA, Mostafa SR. Spirulina versicolor improves insulin
sensitivity and attenuates hyperglycemia-mediated oxidative stress in fructose-fed rats. Journal of
Intercultural Ethnopharmacology. 2016;5(1):57.[ http: // 10.5455/jice.20151230055930]

2 MisSurcova L, Buika F, AmbroZzova JV, Machi L, Samek D, Kria¢mar S. Amino acid
composition of algal products and its contribution to RDI. Food chemistry. 2014;151:120-5.[
https://doi.org/10.1016/j.foodchem.2013.11.04/].

3 Gutiérrez-Salmean G, Fabila-Castillo L, Chamorro-Cevallos G. Aspectos nutricionales y
toxicologicos de Spirulina (arthrospira). Nutricion  hospitalaria. 2015;32(1):34-40.[
https://dx.doi.org/10.3305/nh.2015.32.1.9001]

4 NEMATI J, SAMADI M, HADIDI V, MACINTASH B. Effect of Resistance Training on Mtor
and P70s6k Signaling Pathway in Skeletal Muscle of Rats. 2015.[ https://www.sid.ir/paper/264973/en]

5 Saxton RA, Sabatini DM. mTOR signaling in growth, metabolism, and disease. Cell.
2017;168(6):960-76.[ https://www.cell.com/cell/fulltext/S0092-8674(17)30182-4]

.6 Eidizadeh H, Avandi SM, Zar A, Sadeghipour HR. The effect of eight weeks of resistance
training with spirulina platensis supplementation on the RAGs/Rheb/mTORC/S6K pathway in male rat
kidneys. Jorjani Biomedicine Journal. 2024;12(1):23-7.[ 10.29252/jorjanibiomedj.12.1.23]

i Hay N, Sonenberg N. Upstream and downstream of mTOR. Genes & development.
200.45-1926:(16)18;4 [doi:10.1101/gad.1212704v]
.8 Cheragh Birjandi SADEGH RDS, Yaghobi Ali. The effect of resistance and endurance training

on the expression of MURF1 and MTOR genes in aged male rats. Metabolism and Exercise.
2024;14(2):20-34.[ https://doi.org/10.22124/jme.2024.26222.338]

9 Wackerhage H, Smith J, Wisneiwski D. Molecular exercise physiology. Oxford textbook of
childrenVs sport and exercise medicine. 2017:430-40.[ https://books.google.co.kr/books?]

.10 Lee CJ, Nicoll JX. Time Course Evaluation of Mitogen-Activated Protein Kinase
Phosphorylation to Resistance Exercise: A Systematic Review. The Journal of Strength & Conditioning
Research. 2023;37(3):710-25.[ http://10.1519/JSC.0000000000004409]

11 Steelman LS, Chappell WH ,Abrams SL, Kempf CR, Long J, Laidler P, et al. Roles of the
Raf/MEK/ERK and PI3K/PTEN/Akt/mTOR pathways in controlling growth and sensitivity to therapy-
implications for cancer and aging. Aging (Albany NY). 2011;3(3):192.[ doi: 10.18632/aging.100296]

12 Harris RC, Chung E, Coffey RJ. EGF receptor ligands. The EGF Receptor Family. 2003:3-14.]
https://doi.org/10.1016/B978-012160281-9/50002-5]




L

G B

Cedlad g jl g St g

& pid T Journal of

need

13 Zeng F, Singh AB, Harris RC. The role of the EGF family of ligands and receptors in renal
development, physiology and pathophysiology. Experimental cell research. 2009;315(4):602-10.
https://doi.org/10.1016/j.yexcr.2008.08.005]

.14 Rayego-Mateos S, Rodrigues-Diez R, Morgado-Pascual JL, Valentijn F, Valdivielso JM,
Goldschmeding R, et al. Role of epidermal growth factor receptor (EGFR) and its ligands in kidney
inflammation and damage. Mediators of inflammation. 2018;2018.[
https://doi.org/10.1155/2018/8739473]

15 Ma L, Chen Z, Erdjument-Bromage H, Tempst P, Pandolfi PP. Phosphorylation and functional
inactivation of TSC2 by Erk: implications for tuberous sclerosisand cancer pathogenesis. Cell.
2005;121(2):179-93.[ https://www.cell.com/fulltext/S0092-8674(05)00198-4]

.16 Tang J, Liu N, Zhuang S. Role of epidermal growth factor receptor in acute and chronic kidney
injury. Kidney international. 2013;83(5):804-10.[ https://doi.org/10.1038/ki.2012.435]
17 Kasza A. IL-1 and EGF regulate expression of genes important in inflammation and cancer.

Cytokine. 2013;62(1):22-33.[ https://doi.org/10.1016/j.cyt0.2013.02.007]

18 Atashgahian R, Kashef M. Relationship of BMI with Proteinuria and Hematuria after One
Session of Intense Continuous and Interval Exercise in Girls. Journal of Shahid Sadoughi University of
Medical Sciences. 2022.[ https://doi.org/10.18502/ssu.v30i5.10158]

.19 Faramarziyan N, Salesi M, Rezaei R, Jahromi MK. Effects of Six Weeks High-Intensity Interval
Training on TGF-f1 and SMAD7 Genes Expression in the Kidney Tissue of Elderly Diabetic Male
Wistar Rats. Journal of Shahid Sadoughi University of Medical Sciences. 2023.
[https://doi.org/10.18502/ssu.v30i12.11965]

.20 RAFATI FM, Taghian F, Pakfetrat M, Daryanoosh F, Mohammadi H. The effect of aerobic
training on the amount of GFR and excreted of creatinine in patients with chronic kidney. 2012.[http://
https://www.sid.ir/paper/96526/en][ http://tmuj.iautmu.ac.ir]

21 Fariba Pourasghar jb, Roghayeh Pouzesh Jadidi, Hassan Pourrazi, Mir Alireza Nourazar The
effect of high-intensity interval training and melatonin supplementation on some apoptotic indices in the
kidney tissue of male rats after renal ischemia-reperfusion. Metabolism and Exercise. 2024;14(1):151-67.
[https://doi.org/10.22124/jme.2024.26340.343]

22 Dehghani K, Mogharnasi M, Saghebjoo M, Malekaneh M, Sarir H. Effect of Spirulina platensis
green-blue algae consumption, and circuit resistance training (CRT) on lipid profile in overweight and
obese middle-aged men. Journal of Birjand University of Medical Sciences. 2021;28(3):248-59.[
https://journal.bums.ac.ir/article-1-3012-en.html&sw=Er]

23 Dehghani K, Mogharnasi M, Saghebjoo M, Sarir H, Malekaneh M. The effect of eight weeks of
circuit resistance training and spirulina supplementation on plasma levels of irisin and some body
composition in overweight and obese men. Armaghane danesh. 2020;25(3):332-45.
https://www.sid.ir/paper/370020/en]

24 Kitada M, Ogura Y, Monno I, Koya D. A low-protein diet for diabetic kidney disease :its effect
and molecular mechanism, an approach from animal studies. Nutrients. 2018;10(5):544.
https://doi.org/10.3390/nul0050544]

25 Bin-Jumah MN, Al-Huqail AA, Abdelnacim N, Kamel M, Fouda M, Abulmeaty M, et al.
Potential protective effects of Spirulina platensis on liver, kidney, and brain acrylamide toxicity in rats.
Environmental Science and Pollution Research. 2021;28(21):26653-63.[ https://doi.org/10.1007/s11356-
021-12422-x]

26 Jalali MJ, Fathi R, Nasiri K, Akbari A. The effect of eight weeks of spirulina supplementation
and resistance and interval aerobic training on skeletal muscle CXCL1 gene expression and liver enzymes
in male rats. Journal of Sport and Exercise Physiology. 2023;16(1):23-34 .[10.52547/joeppa.16.1.23]

27 Hong-zhu Z, Mei-ju Z, Zhi-gang Z, Xiao-min D, Ren-le W. Effects of Aerobic Exercise plus
Spirulina Supplement on the Expression of TLR4/NF-kB-p65 and Inflammatory Factor in Kidney Tissue
of Type 2 Diabetes Rats. NATURAL PRODUCT RESEARCH AND DEVELOPMENT.
2017;29(7):1119.[ http://doi: 10.12047/].cjap.6065.2021.058.]

28 Ahmadi F, Zadeh MG, Habibi A, Karimi F. Effect of resistance training with Spirulina platensis
on PI3K/Akt/mTOR/p70S6k signaling pathway in cardiac muscle. Science & Sports. 2020;35(2):91-
8[https://doi.org/10.1016/].s¢isp0.2019.06.003].

Metabolism and Exercise

100

m“m (ITXT)

g

M

B0 6 ongofY ymeK 6

b4

K ol i

£l

RAOUIET!

14

.



9 3l g g 4yl

9 Callad

102 G 88 coloxio 1404 s ol o,loud 15 5,3 «

S

Cedbh

101

Cudlad g jl g CS g

& T Journal of

KD

29 Sadeghipour Hamid Reza RF, Zar Abdossalehleh zar The effect of eight weeks of resistance
training and Spirulina platensis supplementation on the signaling pathway of Wnt-GSK3B-TSC2-S6K in
the kidney tissue of male rats. Journal of Applied Health Studies in Sport Physiology.
2024[ 10.22049/jahssp.2024.29148.1601]

.30 Zar A, Ahmadi F. Evaluation of CITED4 Gene Expression in The Cardiac Muscle of Male Rats
as a Result of Resistance Exercise and Spirulina Supplement. Jorjani Biomedicine Journal. 2021;9(2):36-
44 [ http://goums.ac.ir/jorjanijournal/article-1-]

31 Jafari Khooshan Abadi A, Ramezani S, Nayebifar S. The effect of HIIT and CGRP inhibition on
EGF and EGFR gene expression in the hippocampal tissue of male Wistar rats. Daneshvar Medicine.
2023;30(6):10-9.[ 10.22070/daneshmed.2023.17102.1298]

32 Yasar Z, Elliott BT, Kyriakidou Y, Nwokoma CT, Postlethwaite RD, Gaffney CJ, et al. Sprint
interval training (SIT) reduces serum epidermal growth factor (EGF), but not other inflammatory
cytokines in trained older men. European Journal of Applied Physiology. 2021;121:1909-19.
https://doi.org/10.1007/s00421-021-04635-2]

32 Nemati J, Samadi M, Hadidi V, Ghodrat L. The effect of 8 weeks of resistance training on total
and phosphorylated extracellular signal regulated kinases (ERK (in flexor hallucis longusmuscle of rats.
Journal of Practical Studies of Biosciences in Sport. 2018;6(12):117-26.[ 10.22077/jpsbs.2017.318.1129]
.34 Alizadeh AM, Heydari Z, Rahimi M, Bazgir B, Shirvani H, Alipour S, et al. Oxytocin mediates
the beneficial effects of the exercise training on breast cancer. Experimental physiology.
2018;103(2):222-35.[ https://doi.org/10.1113/EP086463]

.35 Li Y-H, Yi X-J. The effects of aerobic exercise on ERK1/2 activity in skeletal muscle of type 2
diabetic rats. Zhongguo Ying Yong Sheng li xue za zhi= Zhongguo Yingyong Shenglixue Zazhi=
Chinese Journal of Applied Physiology. 2017;33(1):33-7.[ https://doi.org/10.12047/j.cjap.5448.2017.008]
.36 Lysenko EA, Popov DV, Vepkhvadze TF, Sharova AP, Vinogradova OL. Signaling responses to
high and moderate load strength exercise in trained muscle. Physiological reports. 2019;7(9):e14100.[
https://doi.org/10.14814/phy2.14100]

.37 De Souza E, Tricoli V, Bueno Junior C, Pereira MG, Brum PC, Oliveira EMd, et al. The acute
effects of strength, endurance and concurrent exercises on the Akt/mTOR/p70 S6K1 and AMPK
signaling pathway responses in rat skeletal muscle. Brazilian Journal of Medical and Biological Research.
2013;46:343-7.[ https://doi.org/10.1590/1414-431X20132557]

38 Abou Sawan S, Van Vliet S, Parel JT, Beals JW, Mazzulla M, West DW, et al. Translocation
and protein complex co-localization of mTOR is associated with postprandial myofibrillar protein
synthesis at rest and after endurance exercise. Physiological reports. 2018;6(5):e13628.[
https://doi.org/10.14814/phy2.13628]

.39 Sadeghipour HR, Zakeri Dehvasati B, Zar A, Khaleghi MM. The effect of eight weeks of
resistance training combined with spirulina supplementation on the TNF-a/IKKB/TSC1/Rheb gene
expression in  male rat kidney  tissue. = Daneshvar = Medicine.  2025;32(6):53-67
[10.22070/daneshmed.2025.19914.1574]

40 Sase K, Kido K, Ato S, Fujita S. The effect of a bout of resistance exercise on skeletal muscle
protein  metabolism  after severe fasting.  Physiological Reports. 2019;7(21):¢14270.
https://doi.org/10.14814/phy2.14270]

41 Inoki K, Li Y, Zhu T, Wu J, Guan K-L. TSC2 is phosphorylated and inhibited by Akt and
suppresses mTOR signalling. Nature cell biology. 2002;4(9):648-57.[ https://doi.org/10.1038/ncb839]

42 Aghaei Bahman Beglou N, Shadmehri S, Jahani Golbar S, Sharafati Moghadam M. The effect of
four weeks high-intensity interval training (HIIT) on the content of AKT1 ,mTOR, P70S6K1, 4EBPI
proteins in the Left ventricular muscle tissue of the heart obese rats with type 2 diabetic. Journal of Sport
and Exercise Physiology. 2021;14(1):85-94[10.52547/joeppa.14.1.85].

43 Mazo CE, D’Lugos AC, Sweeney KR, Haus JM, Angadi SS, Carroll CC, et al. The effects of
acute aerobic and resistance exercise on mTOR signaling and autophagy markers in untrained human
skeletal muscle.  European  journal of applied physiology.  2021;121(10):2913-24.[
https://doi.org/10.1007/s00421-021-04758-6]

Metabolism and Exercise



44 Kakigi R, Yoshihara T, Ozaki H, Ogura Y, Ichinoseki-Sekine N, Kobayashi H, et al. Whey
protein intake after resistance exercise activates mTOR signaling in a dose-dependent manner in human
skeletal muscle. European journal of applied physiology. 2014;114:735-42.]
https://doi.org/10.1007/s00421-013-2812-7]

45 Haraguchi FK, de Brito Magalhdes CL, Neves LX, dos Santos RC, Pedrosa ML, Silva ME.
Whey protein modifies gene expression related to protein metabolism affecting muscle weight in
resistance-exercised rats. Nutrition. 2014;30(7-8):876-81.[ https://doi.org/10.1016/j.nut.2013.12.007]

46 Shi J, Liu X, Jiao Y, Tian J, An J, Zou G, et al. mTOR pathway: A key player in diabetic
nephropathy progression and therapeutic targets. Genes & Diseases. 2025;12(2):101260.
[https://doi.org/10.1016/j.gendis.2024.101260]

47 Drummond MJ, Fry CS, Glynn EL, Dreyer HC, Dhanani S, Timmerman KL, et al. Rapamycin
administration in humans blocks the contraction-induced increase in skeletal muscle protein synthesis.
The Journal of physiology. 2009;587(7):1535-46. [

https://doi.org/10.1113/jphysiol.2008.163816]

48 Ahmadi F. Effect of Eight Weeks of Resistance Training with Spirulina Supplementation on
Cardiac Troponin T, Brain Natriuretic Peptide, and Creatine Kinase in the Myocardium. Journal of
Nutrition, Fasting and Health. 2025;13(2):100-8.[ 10.22038/jnth.2024.83418.1540]

49 Vignaud J, Loiseau C, Come M, Martin I, Rasoanarivo R, Hérault J, et al. Combined Effects of
Spirulina Liquid Extract and Endurance Training on Aerobic Performance and Muscle Metabolism
Adaptation in Wistar Rats. Nutrients. 2025;17(2):283. [https://doi.org/10.3390/nu17020283]

.50 Gao Y, Tian T. mTOR signaling pathway and gut microbiota in various disorders: Mechanisms
and potential drugs in pharmacotherapy. International Journal of Molecular Sciences. 2023;24(14):11811.
[https://doi.org/10.3390/ijms241411811]

51 Yuan X, Wang Q, Dai M, Wang H, Xiong X, Pan L, et al. TSC2 gene characterization and
mechanism of ammonia nitrogen stress inhibiting growth through AMPK/mTOR pathway mediated by
TSC2 in Megalobrama amblycephala. Aquaculture Reports. 2024;38:102342.
[https://doi.org/10.1016/j.aqrep.2024.102342]




