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Abstract

Determining the best rest interval durations between resistance exercise sets for adaptation is very
important. This study investigated the effect of different rest intervals duration between resistance exercise
(RE) sets on the gene expression of CGRP and IGF-1. Forty two male Wistar rats were randomly divided in
to 7 groups. The resistance exercise included one session of climbing on one meter ladder with 26 steps.
Exercise included 4 sets of 5 repetitions with an overload of 150 percent of the rat's body weight and 30, 60,
90, 120, 150 and 180 seconds rest intervals. The gRT-PCR technique was used to evaluate the gene
expression of CGRP and IGF-1. The gene expression of CGRP in soleus muscles following RE with rest
intervals of 30 (P=0.001), 60 (P=0.001) and 90 seconds (P=0.001) were significantly lower than 120, 150
and 180 seconds. However, there were no significant differences in the gene expression of IGF-1 among all
groups (P=0.12). Based on our results, it seems that these rest interval domains can be addressed as a cut
point of gene expression for the strength and hypertrophy developing process at the cellular level.
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Eal Sl

*. Ali_gorzi@znu.ac.ir


http://www.znu.ac.ir/rimbt/en/
http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

By o Crl 2l 0SS sladlols 5T dnlllas

Aoio

Calizal 5 Ol ( Sde e Dlae S5l GLlBl Gl e 3 LS S aglie slacy a3
e Sl (e 5 (Sslen diajls S > 1y 5 lae oLEl () 2580 sllels SSlae
S 5 g Al 3 53 50 (Sl Jalss ol oz Sl sl B Dlas me Jil ol SSlas
Sladiy 5,58 05 S )Ll e sladiy s, 4 015 e Wl o 5148t 53 Dl o 1531
55 &S glgobtle Sl i 5s Ll ol pesdle (V) Lls ol aeal G me JUsl )3 e
(YN 9) O 5 U S o Ll s sl L2 Bl o BT Dlae soae olKiws gl o jed Olej
B 0 55 pslend ol i Jlay 5 cvae SO oo VU Sl alias 5Ll @ yul oS Wsls oL
S cnl pladzo sy s 3l S (CGRP) Y s 55 S 05 @ azasls duto (F) ol axesl s Dlas — ae
Gl el YV szs G CGRPL(Y) ol s, 52 0 Dlas pas oSaws 5 loslIG b cenl
() A4S o Jes TS el slaeds (S slaws J xS g T SMas— eas o8 5 e 3 &S
oo 3 W CORP as col 1l 51 Sl Mae s5,8 Wy s CORP i 6L, bajtass
L, Shas = s slaaill 5l SN S o0 w0 gnly 52 5 () o0l 0 W55 ame 5 (555 0 oas
() 555 0 SMhas Glayb 3 CAMP 215l o ooV SO Lol en 55 0T 0dal3l 3 5d
cAMP - OF S uS o Jleé 1) DS sl 53 Jazs 5 30,8 o CGRP & JbLj
e eae oS 03 b S el Glaeki ;S il 5 s e SR Sl
05 Ol wor e CGRP - ilil a8 was o 0Lid Sllas 3415 3525 o sS Lxd b ol on CGRP
)5S ol ez 3 0555 e Sl s 3 S Ll slae s S T usy 5 4 by e MRNA
S S a0 ey ol (4 3 ot Lol 1S a4y (Dldem a8y 3 5 10
S Jor Jomily 5 am 55 5 i S) Glaellr 5 5 50 Sla e Jlasl ¢ ey 5SSl 35S
COae bug il oL U5 4 a0l sl sl dsgerme (8 Blda (PV) 5)0s Jlis w1,
(oslie el ohga 5 (A) lae — ae s 58 el gl s, Sl dall
L Cuds il SMas eas S8 55k 1 i (b ol 316 e il edlas 55 |, CGRP
(AN ) S a5 1

My (daae 33) b e 5 (S 5l ediilay) st &gty (ST 050558 S Wyn IGF-1
e IGF-1.00) aS o o 1) s M5 5 dmn g 28 1) T3l 85 a5 5 55
sbadshe 25 Ll dex 5l (olupmm S5l Glaa b el dhas s b O sen
ol 05 Ol Ll cplals tas e S ua e | s ctle 5 05 Ol Cigle,l b

1. Calcitonin Gene-Related Peptide 3. Acetylcholine Receptors 5. Satellite Cells
2. Neuromuscular Junction 4. Proteolysis

YY


http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

WA Ol 5 5l A o Ll Lé)}hé}éj)}vb))d:ﬁ)}:

Sl 35 SO 5l ol 55 O Soatams Gis 5 5 255 0 aslie Sly o3 )zl 5 AL po
Boawl ol e Colae IGF-1 Wy 53 s Sl «Sul L LOY) a8 ol o | Soheae 6
BL3,1 S das o 0L Slaalie nl (VF) 3503 505 pled 0 33,5 0 OF 3,5 55k il o 39 54
UGBl 5 gl ) Sl 5 30 s b ge 5 Seatens IGF-L (s Joes 5 e
s ddplnil gla st 558 g O1 05 Ol b dhiae 5535 IGF-1 - lans il jzgr (2355 Sl a5
o Dde Vb geslie Sy s sl) Jlisa [y Al iz IGF-1 glag 3550 0l Slsbias 2153
Sap sl ol (Sas adr s K meslie Sl el gl (Jrpll L(00) ekl L
Glp oS b cDae e plie 5 oSy Sl 05 Ol e Sl 3 Sosts 5 2 30 3 slagul,
(Vo) OLan 5 SLT.OFAY) tizes Cuanl b= SV5b o a3 5,55 SO s ST slag 5l sl
o e gl Gy Sl s IGF-1 03 0l Jil5l 50 (Y0V9) Ol 5 5AS
el e 5l eS > 5 laes ol el Aol Jsb (s 3k 51L0AN) Kles S 5158 d
Sl Ole3 (VAT 0) das o5l 3 b o 15 0 Sla 3l 5 Ll 5 3005 S5l 3 el &S
Sde 2,8 18 ok Jalse s Gl s Ll a5 5 2 el Sa Al L s

Al B 5 b obsk sl Ll el g e Sl O
4i35 0 5 Y ) ol al Sadles (s o5 slaes3 ol il Dlaj ke 5553 sddolonil sla A
5 Bledd 55 ate Ciline Sl sladwols (pl 51 Jol sl s Lol CAEl Ll tiles S aslia |
s 55 (YOIA) O 5 K 5 0 les S oy eS|y Sl puts cpl J5S050 5 Jsk slasl8 550
03 S ip oS 33 505 5 g (S 45 Koy ammeS (pl s Wi nl 3 eddplanil gla a3 o
(S Ssbel Wsa Yazs) 65 S5 a3 3130 3 bl o oY ol 4835 Y Sl e Sy laalols
— Ik syl 55l 45 03 8 AT Ll iy g 15 8 Wl o o Sl P o Sles slaalsls
Slagtasy & ars b () ol oY e glatann 5 S aiiae baadl (nl sS85
Sl Jsb s coll e glase S S5k LS5l 55050 Sl slaplel i Spll
05 0 b onisn Ol ashy s Sugbar ol 352y SOlae — ae a8l 55
S el ey e il Sl Csline glaalsols Jlise |y dlas IGF-1 5 CGRP
5 Slopm sladnl b 4 e ko Sl 85l 5 il (G35 5,0 B el 03,5 (5, S o5
ey Jsho w53 (S50 sed GlaS g5l L8 e hass ) o sd Dbl ande )8
b aleialy (o Sl et 3 el a5 s 385 Bd ol al Sl slaalols §5L s 5 a8
Sladul 3 )3 el pidled S0} Oly Sl rul Bals Gl ams oS ns pel Jijen opl & 5 das &)

YO


http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

By o Crl 2l 0SS sladlols 5T dnlllas

owbiigig

e S TVIEMVENOIFA G35 o0ke Lbcasia A o b ks 3 gl e hge o YT (oo dalllas il 3
Sl i 532U o b ler sbes S 5o Sl (rasy (b s s ol # Ol sl smdl )
Cell VYAY & 2 b 5 do s FOE0 by 5ol S Sl YYEY GBI glos «Blis Sy S o yass
S eddag 3okl L w5)) M slse 5 O s ol (s a4 SUB) ol 5 Sl
e b ol e S il 550 25 Sl s 5> SGT (0L Sl pls ST o5,
Saandr 53 lmo sl hge A plxl (andar ) alacSh Ols 4 o & 55 asle Slays e
S gl 4 Gls 53 d oy Olies 4 45 Olas s 055 doys T BV lade w sladls L (bl
lal S gons (ol o Sl e onsn pl OLL o by VU b a4 il s (abYP)
Sl il (N=6) 05 o o ol mal B Y (N=6) U 28 05 5 ka4 (035 4 45 L)
Sl 10 col il (N=6) glasl VY el 2l (N=6) last 4 el 2l (N=6) (glasls &
S S a3 Gl o (N76) sl VA 2l 5 (n=6)

OSes gl hge SlaS o eSS Rass SV ol g 5 2 b Do plandr G 4 ar s L
o2 gases 0L 5 3l 3o a0 ol Lol oy a3 (ZNU.ECRAL2018-4 13501 1S) i eslinad
Laise O 035 A3 V00 b il alaaiss (s Bl g e 0l 03 23,5 ol al Y7 L S
s Sles S ol s Slatse idd a5 40 0L Sl e 4 bl Wl ol s Slatse p3 4
a lafise 04 055 o3 100 Dolre JL (YY) L3 S 12l S0 iy b s Dler 5o 1 el cilisis
Sl (el DS ) oS bl 1 Ll el B e 0l iy Lo Lahse oS A3 LTl s
5 (B aly ©pl8 Dlss sbwl lp HISS sl opl O3 el sl o 50wl JISS =
Or LY) (ol 51 oS 5 L (L a5 Ao DL 1 g abolBOL) s g0 (YF) 550 (VY B ) (3luen
(0 855 51 eSS 2 il p Sl O BT 0 dl5 5 (O 035 5l p S5kS 2 shila o S L
B I R B e SV et S S O P VI CHICE, WYLV VUV SSUNUIN U - e Y S
(GO g gad 5 S Sl ey LS 5 ilise glaes S 51 Csline D pots Wb g 45 O
Sl slos b Jliey 53 (RT-PCT) Kbl sloslS (sl g 5 b damie sl 31 L Lo 5o

A g,lsaS s 8 Sl i s A

el 51 RNA =1 suul 5 g5luoslal
5 DL el 5y Slag s See w0 (Ol 03k oS ,5) RNX-PIUS Jplos 23 s O
L adds 10 e a b ga 5ty Sl Al BLB1 a0 35080 2l s Koo Yoo (s A 0] 50
Ll o5 S 4 RNA (- T 56 .08 S s 51 S sl i s ¥ los 53 VY e 1M 5o

\td


http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

WA Ol 5 5l A o Ll Lé)}b}dbj)}vb)ﬁd:ﬁ)};

Ve & S Sl s 53 e S ¢ S L1 5 Tl sl OF emm s 5 Jama
RNA L Jsbspspl dlss by Las esls 513 RNA SIS ol i s ¥ glos ;3 V\Yere o5 L aids
VO J bl ads S 00 055331 L OT 5 (S gla S0 Gl shaes RNA (g5 50 el covsw
op Sl S sl Do ol S Sl i F les 53 VO Has L aids A Sode b 5 s il 5 Aoy
NUCWE oslatal b (g e gy xSl Ol 9 Lo ;3 V/0 58T J5 5 covuc\)ia,xl <sLRNA S 5 AS
~z) A RNA RNA 250 plonil s 51 Oliebl (51 (YF) A o3l (R&D s 2) ol 5t
A edalie SYA 9 SYA RNA Jul.: 95 39 J\iJ; Qb Loy \ ))gI J} X3 u_i:gtﬁ @ LAC_AJL )\ ol
9 Y&u /YA L;LAOD 9 RNA CJQ.LG d‘;:"’ (R&D C,SJ.JJ) g:)sz.:t el.<.’.'.w> )‘ osleiul Ls ‘U’?}*M
oS 3l eslanal LCDNA ((YF) s ey J5d 5 0S5 0 o Sa gl p ol astls U jwa YE4/YY
S 4l m bl 4 OS 8 L  ses Gk (x5 5 geneall os ) master mix RT
Jsa 5y 03 ONGOAT el s oo Clp S50V vr BV ve ) (|5 RNA 1 2 S
Sl 3l 8 Sl dm s FY gles s s S G ol = 3 RT Koo e 25 S 033055
O slp sl S ole i ys Ve gl s ugﬁjﬁcﬁjidjudwﬂbwcw A esls Sl cell
5 eslizul b (K1 QIAgen) Rotorgene 3000 oK ;s QPCR aSly i esls )3 4ass
10 Jols 5ol 4l .23 S el (g 52l SoliceBiodyne) 5X master mix evagreen <.s
OY (DNA laas; gilulam—" i 55U A0 ol S YO 5 515 sl i 55 40 sl )3 ads
318 ol 55 (DNA Glaans; 0 b =7 o 2zeSHVY 5 (el Jlasl gl Los 2als =T Klsl)
SSa s 03, 53 CONA Lsas a sl o o 03 Uyew DETA-ACHN 03 55 438 1Y s
Laosls s Al cowses Real Time PCR o&Kecs s DS 55 s CL @\:_2 O Js) Lsas S

A3 el GenEx verd Sle 5 s el i s ) e

SR e 055 e 05 el JIg ) s

Tm Anzgg)con sl Js Accession numbers Ky
R e
ol w | RSAMOAMCOACIC | oy moaisis | 1ora
e [FPRCRICARCAICATICEISTT | waoois | veworn

a);j@-f dj )‘ [NV dj fl}- ZJ(AJWSL.’(Z-AACT) &J‘w LSL:'SJ s LSLG*"‘ f).: Q\)S :LSJLJ g;',’)
&L@;éuuu@jj:;q}iawjﬂgﬂ.Jﬂiwgwioxuwm}:@pWjdﬁswfjtw,‘,:

S4m9 Oy ge L ealazal “)bbii uﬂ_’vLi)U JA}J Q}AJT )‘ B ) u@;—jﬁu QJ.A)I )\ cbo]ﬁ

1. Denaturation 2. Annealing 3. Extension

YV


https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1046894990
http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

B G Q;U; slaalol ,;i: dallas

L an S L 45 p<0.05 C)a.ﬂjs 6)‘JL;.~MCLM.M uu;,ﬂ\‘dju%&uoyjjl}g@bdw

23S bl 22 ol il g ol SILL Il 5 L b Solel gladiale 8IS

badl
b dhae IGF-1 5 o CORP iy 55 2 s baesls ms 55 o8 3l 0l S g5 ol Oyﬂ@l:d
ol il Glaakols U o e glaes S dhae CGRP 03 0ly Ol o 45 5ls 0L Tl 0505 oo
Olsae 315 0L&5 dsla jauS s 03031 (Foan=TVIF0 P=o/ea)) sl 55m s (ool e ooslis Cilisis
(VIYYE4/8) a5l Qv 5 (F/FVEV/AY) sl £ o(VYVEV/S0) (BT slaoy S s adhae CGRP 0 0L
b V0 (YY/FeEVOF) 45l VY (VA YESEY) xS glaes S Sl Somb (gl gae sba

(13 503 = P=0.001) ol (YY70421/Y4) a3l VA 5 (YY/YAEY/AY)

4.zc CGRP

30.0000

25.0000 [

20.0000

15.0000

10.0000 *T

5.0000

(Sl p S oi5) O3 Oy A1y

MMM

0.0000

ctrl 430 4560 490 4l

N

0 4150
ilien ol el ool 3 b s T (sla 058

Sl ol Calises glaalols o lias CGRP 05 0L 0l ) ls 5a5
5B AY 5B N0 st AT (xS glaoy S b Sl e oglis ¥
B A 5B A0 B VY (S glaes S a4 s Ll gme sl E

B AL 5B A0 b VY (xS (Glaoy S a4 Sl gme gl #

IS 08 o dlae 3 IGF-1 05 0l jlade sls Ol 6 b byl Lo =W s b
(F/PVEN/OQ) 4l Qv (VITVEY/YY) 0l £ ((VIYRY/YYE) LU Ve o ad slaey S 5 (F/AQEY/¥A)
30 (gols gme oglis O/FPEY/YY) 45U VAL 5 (F7AVEV/0)) il 100 (Y/FYEV/AL) 456 Y

(Y 350 P=0.12)

1. Games Howell 2. ANOVA

YA


http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

WA Ol 5 5l A o Ll Lé)ju}éj)}%»\b)ﬁu:ﬁ}}:

alas IGF-1
12.00 -
D
4 1000 -
_%:
~  8.00 -
Re)
i 6.00 -
4 400 -
X
% 2.00 4
2
0.00 . . . . . .

4330 4560 4iB90 45120 4150  4s5180
cilises ol il ool 3 b 2y 05 sla 6y S

Calisen ol sl Joolgp oy alae IGF-1 05 0Ly 015 Y ls 50

Sou
ol e Gladles bl geslie el ek G b oS il pl 5l S Sl e sl
sP X Colmal Ol e b plses S s b dize CGRP 05 0l O sae «(asB VAL B aSB Y 5D
Dy adBIAY SN0 AT (xS by S 51 Sonl olasme ssba o el gleesss o adl A
Solsgme sl S s 8 5 a4l WAL 5100 AYe col izl Oley e b olaes S e (Il
2 SN sl op e ddr s 1 el izl 0SS laole JlaS Lplis ash i edalie
) eo S i ge leslinal Ly dass (Y0r4) OLSa 5 5 did il es S )y » CGRP Lax s
Slr G 35 o5 3 a5mo) gaglin cpped ais o33lsn A s cnl oo Ll Lol plnil gy
335 b reslie cppas S ols 0L el i3 S ey 8Las CORP (glyms 1) (O 4 o s
55 .0) das o Jaall el 0y 8w il SLalus 5 jolalus oolas 55 1) CGRP (¢l yims O
OSde Grass oo andl asl CGRP waysy s Jiulay 5o ege Jole Ll o aslin o el cazed
21805 DLl 5k oslital a5 L 5 i8S e ol Coe 15 (S0 53 s JL 8 La e
SO SORAY) s s Sompn ciwe opl 53 oSl axdls 355 3L (Sdsan] Jlaasl (ClS5L e
L3S oy S5 83L gl oo Slajise 53 CORP 1) ol 53 03 (sladds Yo o ad
ol 0 1y OF 5 L5 S salie op 03 51w sl YA 1) Gl ety oolias CGRP s jxs (201531 5
plnsl (Y+02) OLSan 5 odul a5 S0 o s 55 (Y0) WLsls o Lapy 5ol g5 ol sl 5l b
35 5wl OIS 03 855 Jom b 93508 Ol 51 VL) (G508 (el atin 03 sl OIS il (sl
() &S sl slilas 5 slalis dlas CGRPLY gols prs i (o o ozl 4ids

Jm‘kwmhﬁfym@UQ' ‘3?' A Lguajjfjb &L?-‘J"M»‘ ob‘}géu&wbés.)w:)dﬁ)kﬂb

Y4


http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

By o ol 0 B il 3T Galllas ‘

St B 3 e w55l oS 3l Jleiml el edd e CORP iy 05 0l et s sl
5 S S sl adls g o3 1 SILSL ) e T Sl e 5 AL (Bae (S eSSl Sl g
5 035 a3 3l 53 a8 Lk Slumer pl 4 eddiplasll Dlalllas 555 5550 53 (YIA) OLSen
S b ddnll (YY) 558 e Syl dan g 4 Ll o2 4l P s slacs| ol
ol JEE 3 503 slapntis p &l e oy OBGl ( SMlae peae Jil » CGRP izl
A2 (e msdenss b 23 5bD) ek ;8) endS 2olay b (S Jel 5 CORP (slaes 1)
(Y 5505 5m 5 50 Wi el ol sl 6l S ke

G Ol 1y (B Y 5 4l v aids ¥) &oslite ol il ols v 31 (1440) O Kan 5 O gl
aids ¥ ool il Mol Loy S 5 Ol Sl &8 o o ydd iy s S aslie | i CydB 5 (65 50
05 0l Sl Aol ol (VW) 55 i Kos slaes S L aslin 53 (5l gme by o3 oo
S Sl ) pBl rasn slaanl mls el sdd o 5 S 3 g gla e L 1SS CGRP
FVsh Colial Glaesss banslie 53 8 ss Bl el el g g FebS sl
deae IGF-1 05 0l 55 (ols omn adS i sl el adr &SI s i85 nl 53 3530
e 3 sl Fr 5 BT sl mal Aol b s 05 S 3 el opl 05 Oly (=l i saalie
IACIEPSSSIIER-WIS WIS CRFPRCS PR O TS ISP W ST S (CIUNRS- VERETSC TIPS P
ozl i col ey das IGF-1 05 0L el mal Oly oot 5,005 .l 0350 4l
sk iladls (el Jalse Jlay Goob 5l 1 alae e aliae 55 iy Conl bl Lol S
Ol s Sap LKl B TA) das o ol abiae IGF-1 0Ly oo ol 5 glo ) sl
Ol Gl (Y0 V) OhlSen 5 ool ((YA) sl 05 S slgily (S3lupam= 1 ) 4d3 50 U S ol 2
SIS s o ol mal 4i3s 53 B SC L1 L8 o e ader Kl 2l A akae IGF-T 05
Sl 033 i e ol 1 05 0l Ol Rl o S 518 e Gal33) s 5 038
ol ragn g aS Cul oS o ot ol s bl s U Rash cpl ds (FY)
ot ol A O 5 el 4 Il el sk plowil o 503 Sl S ey Ao s g o 25
¢S Swd pBl Slass 53 oS Sosens 3ob el 5 disls bl Sae (6ol e e sl
WA 5P glaes S 55 05 Ol Ol hd oo plamil (601 paga el Sl ) e sl i
dsloen VG (5ol sme sbas Al AY 5100 Y (28 (laoy S L anglis 5o 5 LSL 2in ol e
el o351 SIS 36 6 g0 el 55 Waesls Ikl 3l Gl imen 353

5 IGF-L e 55 S Wdwy 4 ol w0 355 Sldllas 3 (Yer¥) sebsl 5 (Ye)e) S 3

Glcaul i gose 2l 5 NIY) Seatosr b sl g0 Oy Go b ST sl slag,8 50

1. Dysregulation 2. Overcompensation

Ye


http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

WA Ol 5 5l A o Ll Lé)}hé}éj)}vb))d:ﬁ)}:

Ol kg 45 ol i o S e o oS (sl 2 ol oS Sl 2l b o jad 534S ol Shhae
5 Yozl 5 ol edd b alae Glogas slajarls 5l S Usea dae IGF-1 o5
ol Sloy Aol p e pens gl bl Ll e Sl o e Gacu s oS lac
ol il sl s gy 3l & Oty Sy Yozl ols 0L Lol 2asss 35l 3525 o baeled
Ole 3 et SRals 4l VY 540 0 5B Ar 5%y Sl Aol s 5 3L adbPe Y
<l 3 IGF-1 jleslinal &8 38 5058 (Y0 0LGes 5 K odbmcpll ol oo 35 50 Aty 1) O
Sleipd Ol g 5050 0l (M) das oo 201531 1, CGRP 0} 0l ol e Gl 5 g0 3UECLS Coas
oh0h S o s 1y (Slapem 5 S5l GBSl 4 by e JiSUse 5 Jske gladuT 3 g 3
S0) o fr 55 iz Slal ST g 50 45 (65180 gy (el Slaco s ol s 5o oS
S Sl a5 Sl el o ealial (el (1SS 033055 b 28) (il 5 GLSS iy b
Bl o oS Conl SIS Ko 5l 05,5 gl eslinal 550 J503 a3 b llgm 5053 Jiass o
has ol il (YY) Wil S5e oo el il glaes S o IGF-1 55 s jme osles 0l s
B pds e Sl g el e, e Sl el Oley ol Sl geglie el 31 e Oas Lg)'me.?&_j
Sdeoli S glac! zul leslanad 31 L IGF_1 03 ol SKaimr [il53l s CGRP 03 0l s e [2alS
5 Sl 1 ol (S S Sl 03 53 ol Soglite Gy 3 g 530l (S 5 364 G FY)
o5 a3 ol bl 3158 (VYD) OLKan 5 gasl copl 5 i A3l axdls o o3 Sslime oouu8 S

(Y0) Kles S il S

& 5
05 s eSS w gl Clibae oS (sl LSS s ln 3 Shes p i 4 Bl Sl
cilie JIKEI 5050 = Jshor sla 855l bl (ol Coaal Sl el atly O O35 5 o8
OSLSS Sbatles b b oslis op jed andr G I b ol rass ool (50 baon ol 00l
S 55 jasis (IGF-1) glupme 5 (CORP) &k 4 by o sla o li (5 :So5lil 5 ool 2l
ke SV 5b Dl a3 S 5s 5055 5 Dl et i el andr Gl L 05 Ol Dl s 4SSl 28
Gladul 3 3 s i dles a0 oly Bl dais b \Ye B Ar o ol zal &als 5l Jlars| ol

AR


http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

By o Crl 2l 0SS sladlols 5T dnlllas

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

28.

29.

&b
Deschenes, M.R., Judelson, D.A., Kraemer, W.J., Meskaitis, V.J., Volek, J.S., Nindl, B., Harman, F.S., Deaver, D.
(2001). Effects of resistance training on neuromuscular junction morphology. Scandinavian Journal of Medicine &
Science in Sports. 11:61-61. DOI: 10.1111/j.1600-0838.2001.110111-2.x

Eslami, R., Parnow, A., Gharakhanlou, R. (2010). The Effect of strength training on calcitonin gene-related peptide
content in slow and fast muscles of wistar rats. The Horizon of Medical Sciences. 16:25-32.

Nanou, E., Yan, J., Whitehead, N.P., Kim, M.J., Froehner, S.C., Scheuer, T., Catterall, W.A. (2016). Altered short-
term synaptic plasticity and reduced muscle strength in mice with impaired regulation of presynaptic CaV2. 1 Ca2+
channels. Proceedings of the National Academy of Sciences. 113:1068-73.

Eftekhari, S., Salvatore, C.A., Johansson, S., Chen, T.b., Zeng, Z., Edvinsson, L. (2015). Localization of CGRP,
CGRP receptor, PACAP and glutamate in trigeminal ganglion. Relation to the blood brain barrier. Brain Research.
1600:93-109.

Parnow, A., Gharakhanlou, R., Gorginkaraji, Z., Rajabi, S., Eslami, R., Hedayati, M., Mahdian, R. (2012). Effects of
endurance and resistance training on calcitonin gene-related peptide and acetylcholine receptor at slow and fast
twitch skeletal muscles and sciatic nerve in male wistar rats. International Journal of Peptides. 2012. Article
ID 962651, 8 pages. http://dx.doi.org/10.1155/2012/962651

Fernandez, H.L., Ross, G.S., Nadelhaft, |. (1999). Neurogenic calcitonin gene-related peptide: a neurotrophic factor
in the maintenance of acetylcholinesterase molecular forms in adult skeletal muscles. Brain Research. 844:83-97.
Mora, M., Marchi, M., Polak, J.M., Gibson, S.J., Cornelio, F. (1989). Calcitonin gene-related peptide immunoreactivity
at the human neuromuscular junction. Brain Research. 492:404-7.

Ambalavanar, R., Dessem, D., Moutanni, A., Yallampalli, C., Yallampalli, U., Gangula, P., Bai, G. (2006). Muscle
inflammation induces a rapid increase in calcitonin gene-related peptide (CGRP) mRNA that temporally relates to
CGRP immunoreactivity and nociceptive behavior. Neuroscience. 143:875-84.

Zaidi, M., Breimer, L.H., Maclntyre, I. (1987). Biology of peptides from the calcitonin genes. Quarterly Journal of
Experimental Physiology. 72:371-408.

Russo, A.F. (2015) Calcitonin gene-related peptide (CGRP): a new target for migraine. Annual Review of
Pharmacology and Toxicology. 55:533-52.

Philippou, A., Maridaki, M., Halapas, A., Koutsilieris, M. (2007). The role of the insulin-like growth factor 1 (IGF-1) in
skeletal muscle physiology. In Vivo. 21(1):45-54.

Chakravarthy, M.V., Davis, B.S., Booth, F.W. (2000). IGF-I restores satellite cell proliferative potential in immobilized
old skeletal muscle. Journal of Applied Physiology. 89:1365-79.

Matheny, W., Merritt, E., Zannikos, S.V., Farrar, R.P., Adamo, M.L. (2009). Serum IGF-I-deficiency does not prevent
compensatory skeletal muscle hypertrophy in resistance exercise. Experimental Biology and Medicine. 234(2):164-
70.

Philippou, A., Papageorgiou, E., Bogdanis, G., Halapas, A., Sourla, A., Maridaki, M., Pissimissis, N., Koutsilieris, M.
(2009). Expression of IGF-1 isoforms after exercise-induced muscle damage in humans: characterization of the MGF
E peptide actions in vitro. In Vivo. 23(4):567-75.

Hameed, M., Lange, K.L., Andersen, J., Schjerling, P., Kjaer, M.D.R., Harridge, S., Goldspink, G. (2004). The effect
of recombinant human growth hormone and resistance training on IGF- mMRNA expression in the muscles of elderly
men. The Journal of Physiology. 555(1):231-40.

Tidball, J.G. (2005). Mechanical signal transduction in skeletal muscle growth and adaptation. Journal of Applied
Physiology. 98:1900-8.

Schoenfeld, B.J., Pope, Z.K., Benik, F.M., Hester, G.M., Sellers, J., Nooner, J.L., Schnaiter, J.A., Bond-Williams,
K.E., Carter, A.S., Ross, C.L., Just, B.L., Henselmans, M., Krieger, J.W. (2016). Longer interset rest periods enhance
muscle strength and hypertrophy in resistance-trained men. The Journal of Strength & Conditioning Research.
30:1805-12.

Ahtiainen, J.P., Lehti, M., Hulmi, J.J., Kraemer, W.J., Alen, M., Nyman, K, Selanne, H, Pakarinen, A., Komulainen,
J., Kovanen, V., Mero, A.A., Hakkinen, K. (2011). Recovery after heavy resistance exercise and skeletal muscle
androgen receptor and insulin-like growth factor-1 isoform expression in strength trained men. Journal of Strength
and Conditioning Research. 25(3):767-77.

Kido, K., Ato, S., Yokokawa, T., Makanae, Y., Sato, K., Fujita, S. (2016). Acute resistance exercise-induced IGF1
expression and subsequent GLUT4 translocation. Physiological Reports. 4(16):€12907.

Miranda, H., Maia Med, F., Paz, G.A., Costa, P.B. (2015). Acute effects of antagonist static stretching in the inter-set
rest period on repetition performance and muscle activation. Research in Sports Medicine. 23(1):37-50.

Grgic, J., Schoenfeld, B.J., Skrepnik, M., Davies, T.B., Mikulic, P. (2018). Effects of rest interval duration in resistance
training on measures of muscular strength: A systematic review. Sports Medicine. 48(1):137-51.

Gorzi, A., Ghanbari, N. (2017). The effect of folate supplementation during 10 weeks of resistance training on serum
and stomach level of ghrelin and serum level of insulin in male Wistar rats. Sport Physiology. 9(33):15-29.

Bompa, T., Di Pasquale, M., Cornacchia, L. (2004). Serious Strength Training 3rd Edition, Human Kinetics.

Tevfik Dorak, M. (ed). (2006). Real-time pcr (AdvanceTa) (Taylor & Francis Ltd, Oxford).

Homonko, D., Theriault, E. (1997). Calcitonin gene-related peptide is increased in hindlimb motoneurons after
exercise. International Journal of Sports Medicine. 18: 503-9.

Vega, A.V., Avila, G. (2010). CGRP, a vasodilator neuropeptide that stimulates neuromuscular transmission and EC
coupling. Current Vascular Pharmacology. 8(3):394-403.

Robinson, J.M., Stone, M.H., Johnson, R.L., Penland, C.M., Warren, B.J., Lewis, R.D. (1995). Effects of different
weight training exercise/rest intervals on strength, power, and high intensity exercise endurance. The Journal of
Strength & Conditioning Research. 9:216-21.

Schoenfeld, B.J. (2012) Does exercise-induced muscle damage play a role in skeletal muscle hypertrophy? Journal
of Strength and Conditioning Research. 26(5):1441-53.

American College of Sports Medicine. (2009). American College of Sports Medicine position stand. Progression
models in resistance training for healthy adults. Medicine and Science in Sports Exercise. 41(3):687-708.

Y


http://dx.doi.org/10.1111/j.1600-0838.2001.110111-2.x
http://dx.doi.org/10.1155/2012/962651
https://www.ncbi.nlm.nih.gov/pubmed/?term=Philippou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17354613
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maridaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17354613
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halapas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17354613
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koutsilieris%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17354613
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahtiainen%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=21311349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lehti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21311349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hulmi%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=21311349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kraemer%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=21311349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vega%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=19485922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avila%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19485922
https://www.ncbi.nlm.nih.gov/pubmed/19485922
http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.22520708.1398.17.18.3.5]

[ DOI: 10.29252/jsmt.17.18.23 ]

WYAA Ol 9 5ml DA oLl nkgul;é}‘_g‘bj)}yb):u:.ﬁ)};

30.

31.

32.

33.

34.

35.

Bamman, M.M., Shipp, J.R., Jiang, J. (2001). Mechanical load increases muscle IGF-I and androgen receptor mRNA
concentrations in humans. American Journal of Physiology-Endocrinology and Metabolism. 280(3):E383-90.
Frystyk, J. (2010). Exercise and the growth hormone-insulin-like growth factor axis. Medicine & Science in Sports &
Exercise. 42:58-66.

Adams, G.R. (2002) Autocrine/paracrine IGF-I and skeletal muscle adaptation. Journal of Applied Physiology.
93:1159-67.

Xing, Y., Jiang, H., He, Y., Li, Y., Liu, H. (2013). Effects of insulin-like growth factor-1 on neurochemical phenotypes
of cultured dorsal root ganglion neurons with excitotoxicity induced by glutamate. Pharmazie. 68:63-8.

Neto, W.K., Silva, W.A., Ciena, A.P., Anaruma, C.A., Gama, E.F. (2016). Vertical climbing for rodent resistance
training: a discussion about training oarameters. International Journal of Sports Science. 6(1A):36-49.

Umoh, N.A., Walker, R.K., Millis, R.M., Al-Rubaiee, M., Gangula, P.R., Haddad, G.E. (2014). Calcitonin gene-related
peptide regulates cardiomyocyte survival through regulation of oxidative stress by PI3K/Akt and MAPK signaling
pathways. Annals of Clinical and Experimental Hypertension. 2(1):1007.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bamman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=11171591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shipp%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=11171591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11171591
https://www.ncbi.nlm.nih.gov/pubmed/11171591
https://www.ncbi.nlm.nih.gov/pubmed/11171591
http://dx.doi.org/10.29252/jsmt.17.18.23
https://dor.isc.ac/dor/20.1001.1.22520708.1398.17.18.3.5
https://jsmt.khu.ac.ir/article-1-398-fa.html
http://www.tcpdf.org

