[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

FAAFA0 VFAY s st F o ylacke £ 65 50 15l ogs (Sibip psle slSils o S 5p 5uStils ala

Ov9a0sS g w5 dlas 5 S pwS T Ol pod Cllate S Jog il (SHuas a8 Lials o bed WU

S0 g b st g3l S5l

LRWLEN

- i

Delayed-Onset =15 L Sz e 3,3 Kz St ololil 5 36 s ool JS 1SS ihus 5 4t s
Slacal (2als 53 b e 035 0 5 ol Cte JV5b Slae y05 (2alS 5 Muscle Soreness (DOMS)
P V. v L gy LW Y WS (oS 3 g e g cilisie Julse JI S0 Clew Lol g SNlae
w"}).ﬂaj_aj oslazul &;_J;MS\ QJL\;_JA.? 3l o, U3 ui,ﬂsﬁ b:mifw‘;\ axdllas Cog ol gad o UJ}:\
o Gl ol S (s et s 1S abae (gilalir 5 S1 0L S 55 OIS S e
ol ; Y4 5 YN0 & K mnST (LBl cpm 53 b 8 aladoes (slos A ol JUEI YOO (slos b (glabaioes |15
A lie YOO sl s 5 s 8 (031l Kzt Loliil s 5l Clane G ) oy B sl lide 5 A
L ol slonl ol el S 2l Ol et SO el b ST s 2alS ilaasil (n=V-4) A
Dde 53 gl JralS o S pmast Blal 10 Jlesl G ol 5 3 53 e eslinal S st oloLal
I EalS s ool e bl gl g (< /o)) s S Lses S plad 53 G gl S8 ST
S sbay (S S ot (B 3 g 5 YOO sl b ol 5l 3 L e 55> SV glales 43 S jzes !
Ohas D,dE Sl jlde  DLBLEl G o b S alae les s U pde s dsOLA Sl G s

el ST Ol el Cdlaze

oo (S jmegnl @y (S e St Slolil (A dia e el b ad gl diae S edllsT ColalS

rsasS 3 78

Gl 035l b lealy 5l osel ol b il s, glacbs

\ PR & o
B cv_gjw“)ﬁ &_BL) R
¥ 9 . Y o

w3l Sk s kS

b:\}]w 5‘}’.‘ Y‘é}ﬁ L,o).k.:«;-
I o
Sl enl ol Lelod

(i O p sl oS il ol 05 5
Il S psle ol

Uil o gy 0 Sl (5 5 05,5 T
It Sy sl

Sl e e e Wl -1
S el i ol Ky ki
rnte oKy (Sl i 0l F
s

iy ole oK (Sl pdige 09,5 =0
ol

(o Ol pale oSl o gl o5 09,5 —F
Ol Ky pale o2l

sk o835 (MBI OUL Dl 5 1 s oy 5

S35 03,5 (Kb oaS2ll 8 Sy
FEAAFAY : als

email: mkeshavarz@tums.ac.ir

doude

S et ol a8 S e IS sbe s e ) 5 S
Jols 50 IS cas Sl 5 cas ST 205 slaes S b
dare g SO 0 aS el o ML e S Sl e S
Slac s s sy s e eniS alae  Ks cgr 3 5 olS
i 52 e i 25l Sk sl S S K
e Sl 53 (35800 Al Oy pod 5l g BB L 5
o=t 5o A LSS b s s e S8 e 5 05 e
Sl el lae 355 B pen 4 T 55 e el Dby s
Delayed-Onset Muscle L; > L Mae sl S s

4S A e 0L V.Dko ) 585 Ole . awl e Soreness (DOMS)

hae slagslon 5 ool OLS mld WMo Cins 5553

Shae Cins 53,3 e SMhae Lid glacls tzus
ST s dl o 550 Sty b oLl Dm0 S A5 e
Shae olal ey (eccentric) G meSt by e Jols 55
S e 03 b 353 5 s Al 55 SAES Ll jes
5038 b S g el pledl Sl e oS W e 354,
315 S ST SLoE! Sl a5 A e LIS s b
o 45 el 5 3l 5 Dhae (gla b sl LS D]
Sl s s s e T plasl 4 e sl s dae S
b o WL s el ) s gacdle b ki S s

VIAY yp s F 0yl s FF 5,350 15 Koy ol alSils o K550 oaitils dloee


https://tumj.tums.ac.ir/article-1-583-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

*AL OLlKan 5 Sholyd 05 Josig

NS el Byt s Phas oVl Sasc ol O
el Gae a3 falS o0 035 GYsb A S L
o 58 e Sl e 5 (G s 3) S ST Sl el
Cgrr ik sla i,y sl eslenal SSlae glac s A
Sl ol ol ae e )53 03,5 (S 5 ol 1S
o=l 3B 1 AAL Jla s ool Aol 51 LS e G s
S5 SRSy les it U s 5 G el Sl i

25 S ST Dy ol Cilane s

I ORI

:l)_: )‘ (r_)_fr"—\'()'))_l QJ'JM u;f’ YV caxdlas OJ_] B

u’<_":'ﬂ 0 ISES s d})—‘}lﬁ AJJS 4_;[;'-&)_:;-)3 4-':3\.1 ;);)Jf».
QAL_A.'; .L.Jﬁjf J‘J-; saleul S Q\J_eﬁ é«ﬂﬂ rj._.l& aK.i..'v\)
el VY glme,sn 5 YV /0% glas Ly lasms 55 Sl
g}—i)): )] oalaiul L C)U}:;- JuJu_:; LS)“’LA& ug.»)b E) u{t..i:j)
Col g odd i gn (00mg/Kg) (e Jegsbszy Sl =1
LBLJ? &:J)‘}q’4{ Q\jtﬁh '7A ‘Lﬁﬁi'}@ﬁ jl o .JJ;é';f )‘J§ LS:-lJ;T ;}“ﬁ
TRV SUNSSCIUR N JREFUIAPRUS Sy i
a‘)Lo_;: J)JlS)‘ obu:.ﬂll.z} °"\13J§ QL_"L«.: Lﬁ"b QL_{JJMM@
Sy edd ke b Grahs /Y il ) SOL 0T S5 a8 Y
o i b by Gl - B J S ..bgjgu,a ‘_;)l.'lf‘d_,l (Y++U/ml)
S 9k e H.L;\ &L@‘Mu Qj}:ﬁﬂ [ .L:JJA a.)l:...ﬁj..é o\.:‘:Lﬁ
(Meredos GmbH) by oy Sl eslizal b J1, 0L 35 555
aMo:‘bMJML@AJAH&M&J@UQQfLJ
KCL¥/Y NaCEWA )Y 50 Lo 4y 3150 (5 5l>) Krebs Henseleit
(kH2PO4 :)/Y NaHCO3 :Y/0 glucose:Y «CaCl2:Y/0 MgSO4 :\/Y
4.?}:...»5‘ /¥ L;.’.L—é'.pH) ﬁ)jf.)LS L—: Uj_}—;ﬁjg @L» "L""';f )}:ﬁﬂ
S Il mles Gk 5 05 mle gles i3 S
PLEA eK} C,\.JUY‘OOC 6})}0,\,\; JJLSQQJJMJ}JLS:})}JM
o315 i, Ol Ol 5 0y Odae (I8 S8 51 s Al
u.bl_w QLLLQJ Jﬂ)ﬁj Q,JU bgs.él C».;M} BE) db d‘j}r.':...ﬂ‘j o
sRijkelikhuizen 2y, 5l eslerwl Uy Jstls o 5acS 5 2ulS aliae
alae wasdlt sba s plnil 0T 53 s sl b 5 Ol

VAV y0 s F 0, las s 55 0,93 4507 (Kb sl olSitily o 55y oaCails aloea

Rl S s cal dlas ol cadle sl Sas Ciss
5 ieea e coal Jlisa Sledl xS siasolis (e
i 3t (6 S eIl LB s Cins Lyl das
ol SMae cnus ialS o les Sl 5L axllas
les Gl Tl S B e 3550 S ST Dl
Cilaze SMae onl 5 3L Do 1Al ow L5 e Sobae
SOl e 1y e los Ll ss S S st Sl Ll
L Sl e a4 (active warm-up) JLsd 05 S ¢ S 5 b
elasl ol il alosas (passive) b 055 0 5 G b

6LAWT QLA\S 3 J&jﬁb 055 f«"f S ol 0l o3l OLES Ll

VAN

e b 5 s S0 Lo Lea Sge Slae
SalS e 3 a0 3 S Slides s dhae s Shes
M el 5 S e S| Sl el Clane SSae &0
Tl b e il sl ol b (b S fls 51 S s
S = (aj_f ol 5 g3le,s4b e 5 (Short Wave Diathermy) ol S
Sl 2l 3 Soseb st 5 G laanS 5l 5 b 2 055 6 S
G ol oLl Dligios 3 1358 e o3litl Jla b 03,5 5 o
Coil oy gladl gladisad 31 SSlae &yu8 a8 by B ey
sl s, ol b 5l dlae slos s ol ol ealanal oy 3
Ol g edd dhiae Sl lad 58l o e S5, 1S5
e s cdean SLal sladisas 53 1T sl Seatns

Ol oo 3l (gles nils K ol g Cilisa LSL“('-:“':M

A\

Sl el Cdlate hae Lodd S 5 alae b wdies 06
D alS Ol e ad gl e 53 5 S ) n 1) SRS
313 S dhas (655 0 Coond 53 ST 3 peS 4 1) (SDls
St ez e (glans b glantle S 5 conl eals Olis Slidss
Olae 5 5 als O (5 S Sl 53 a0 S e
S glala s s oiogtg)\gjmtumg Jy 5l
el glaly 5 ae gla b (815 4 e Olg e
s o ) G ol 5o WU gy rabae 5 0 JES) e
U5 on ot ol 03 s 38 ealizal 0l 5 43l
L OT s Les ot 55 53500 (i |y (SDlae &pl8 2alS
sl (s oS5 28 Alae sl ol sl 38 oo

O 31 0155 e 5 il s G358 5 s lls iz ol S


https://tumj.tums.ac.ir/article-1-583-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

Sloms b go s i gl (AR Sy sianlS ahiise 5o S TiaST iy pai blaio o ta gzl Mo i JalS Lo G 4.

ST 3 O3 Jsb 53 W6l 0o g s il 5 JalS 05508 0 51 Oliedel
o= Osde s o3eeS 5 lS dlias ol Sledie axllas
AL M 3 5 S 5 03y o L gleltl
Mo e 05 5msd 5 akids VP 0Lk Lo Jlesl S a5
33 0 GLah il Ut U s dezwie 5 03 S
Jsbe 53 bt 3 S s T 51 Jsb 5 gmn Sl3lae & (5 0 o
Triphenyl IS o5 5505 Jd (65 do s S 3L land
sles 53 4i3s Ve S 4 (pHY/Y) Tetrazolum Chloride (TTC)
Sl 28 Sl it 4 (6 5l S0 5l ey L3S 4SSN YV
Sl ) e e o e b e S0 S0, 5 48,5 S5, b
33 )y 3 K 4 S el (STl g LA e g2
T PR W BV N L ST G PR R PR
S sdalie S (6 o sSKans Son S aslinad U La by iy e
5352 Cb 055 mle gles caddllas ol s S ol 5l S
e ol L Tl o8 55 S eSS s bes a5
05 03 Sl 035y abie o ok bele ( fege alaie gl
s g S s e sl 511 lie Jlsb i 035
o 3 YORY o alaise slos 1Tl ol 3158 gk
s LI s oS5 2l ahae A8 o0ls i e sk
S e Gl S 0T Olgir oty 5 ol e Al
e yban diae pae Cola b 30 Gl g 55
ek Y a5 s glan SN Sl sk s S G o
S s g s Lasy s 8 eslinl s S o 6l
Harvard 6002, ) -SG5l S o olSws a5 Ldd o o3l
Ja—s (Harvard Apparatus, Holliston, Massachusetts, USA
S > (supramaximal) jSlis 55 &) s dhas L S s
3 10mS ey S S 5 S a sk A S e
Jlasl Cg (train duration) G >3 o35 & Jsb 554 Vor Hz
Slolal ol Cogr s 4l Y sl st olslal
3 s 4 a3l Ol ol 51 i ol s 4 LT 050
SEIVOMOLOT @ipus 4y 5,0 Jde .32 S s Joase (transducer)
S S syl Jsb e e Ol e s e
S Oy g alae BLE e db 5 Ko i S 3
4SP, ADinstruments, ) Powerlab e Slesleul U s S s

Ol 5 ol 05000 a3 8 0Ll Sl s 5 o g s S
034006 Jlassl Joome ol 31 il Olppal LA asie il
s Ol gl 4 0550 Jlas! 4S5 sbay A 035 ola el
Ol ol pan a4y JeiT 0506 Bl b s Lo o (3L 03, 95
5edld o st s alias s il 5 b Bl (55 5l O 4 Jeaze
abae Jlasl fome 5l Dl alae £y 03 S yasein 31
0L 4 Dy 050 Jlail S5y sbay Al 035 dad 50
as 03,5 aseie Sl oy Al By 02555 S Jod
das 5 )l dha s et (s eSS
5 LIS 03y i O ol G35 sl e peaiS 5 2l
Ly Suosca ol 050 il eseeS sl dae e
A6y o 2l a3 3l s e geaiS s S dlae
Jrate Jodl 0506 4 515 e 5oniS 5 2l aliae L oS s
b el o gee Sypwma O, Ol e b o SL
= s 5 Bl st A iS5 28 e S e
S5 ilS alas Sl el S el Ol Ol
2 e A5k S bane SLples s 4 0T 4 hate s
LSS cnb YO0 (g, abaizes opl s glos oy ol bl
YL s sl eslaul b Ul o ol OLL 31 o oA o aniils
¥0) ol o3 b s adaises [l (glos . dd aziS L sem o3ls
35 Moy aelsl cilisn e oy 53 iale3l e 135 YOO (a3
sles lesl cous plas 53038 cpl 53 GY0 05 8 -\ :(Jsax)
05,5 =Y (U8 05,5) Ai e axils oSO ol YOO (g, abaises
Glas (S| | SSs 5l b aids T 05,8l 53 GYB
05,5 ol 53 GYID 65,8 ¥ Ui e e3ls ks YNOO & alaises
Jsb adds Yoogdo a8) S St SO, o o aaies los
Yo adaise glosos,S cpl 45 GYAB o3 S =¥ 55 ¥VC (LS e
55,5 =0 S o els s YA%© L (S S| ISS  5) S ais
S ) S| IS5, e 3 adises gles 03 8 opl 45 GYAD
Slallan 31 (5ol 3 135 T (A28 o U b 4lds T 550>
Sl il e 55 OVae los Ols 5 Ol (655 2 0 ploll
Gl 53 1T el sl e gk a3 YV LYY
53 A o B YO (g5, 055 =l sles 5 aaios s glos

S LS o 5 b 4l 3 150 Sode @ T3 S s axllae o)

VYAV gy oF 0)lass « 55 0,50 o g (Kijy pale olCiils o S 3y 0uSCils dles


https://tumj.tums.ac.ir/article-1-583-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

Y4y OLlKan 5 S5 SUy 5 sig

S sl LA O Ly Ly ek 5 Sl (55l
oo (=) JSs) i eds of 5 S5 S5 akels 4 Saen
Glai 5 bLE apsta adins O3 sdy slacsl s a5 Jb-
3 ialS e (O - IS8) Ks g Lasids BB s
Ymane) 35 oy Vpons K2l Sl o3 Claze S 2as 3!
(azas g 5l i el wue SV b 5 (100 B ¥ 51 2y
Sae Sy alS s end g Gl cpl 3 S
eLEl s Sl s ks Ao 5SS st Sl jes sy
03,5 02 dd elitud st Ol gsa da 4 13 S e )
A Olas Dol el 5 eSSl e 3 el S
= 423 S eslir ol Student’s paired t test o531 51 L3 4 S
LS o S ST B LEN G Jlasl G ol s G
Laos 5 51 S o 53 Sl s Slas jliie 55 (sl
A Sl ey S 3 s el S (/0 A S
Sl el plasl dlisa ke Slres S 55 SSlas Cudd Lials
a0 LS Oaa3l 3 BL plas Cidoie slales 53 S zes]
e Sobal Sl Gl s G A eslizal ANOVA
YO LT lales 53 S el Cods Slas 2alS e sl

(Y JS8) Cedl g5 YO (sleos L (Lol oy 3 5 )

<
53 3580 0dalis oS 65Klen (I IS £ 5l 5318 b 3L 55l K50 - g
JSd (S el ALEI O b L) Kilaxdls 0598 5 4dds VFr a8 lacsl

09 LAl 3 45 JUs 55 508 pod os LT 3 S5 S5 aai (A

e GaseiS B g a Ak g oy K bl (G JKS) 0550

VYAV o0 s oF 0)las « £F 0,90 ‘1_)//'4"45:“3/’1‘}& olLiiils “;(..Cr/ oSy alzo

5 Sl ges Y KHz 58 5 L alae (65,0 Ol 55 (Australia
3 S mest Loldl s 4 e el OMae WS e oS
! — Optimum Length: Lo) auge Jsb ol sk i
Of 534S cl dze 51 Jsb g Job s o jasiin alze a
Clolal sss e oS active) Jed JMae (55,0 sl STa-
ke Jlex ULo ) faides ot (Job o3 gdons 3 S S
deae unl (s a3 s S e dlesl (A —Lo+Y) Lo YU
Yooms Cde as Jab ) 5o 5 s e esls JI 3 Lo A Jsb e
o alae jstension Hlie U s S 0 S o S el O o
b5 e e Wt b BLEN (o 55 e 5 Ay ST
syd olilegss IS TN LS e e d2S WV Ddeas LotY Jsb U
oo SLEL a5l e (Kot il ialS G g il K
3508 el S A om 3ls Ll E Lo A Jsb s adds 53 o
oS SRl el el ST by ol Cllaze SMlae
SHlie e o aalllae ol s Ty e esliad S e
e (S S LU pladl Bl S, gl 505 el
ezl 5l dny adds o3 5 8 Sy SO el Do ST
o pod dhae A S 6, Sl Ly K uaSt wlslal
Sl Jsb 5 S S35 W S e S supramaximal
el Jlssan o Tovms 5V Hz Cos 5 S el S o0
siml LBl ol S s ity K eeST Sl
oAl e (nd g L Ol ey & s S S
Sy gedn Laosls aallas ol s e b S e e o,
Do Sl eslial L ey 8 ke anslis .U oLy Mean+SEM
O Ao L el Tukey oSS cod 5 48 b G ANOVA
Paired t-test 3l esli ol Ly by po3 5l day 5 3 G a5l 003

Ladasls
ez dhae ol BL b e 36 Gk ol 5o
Ssbn ol (s oS5 plS alde s S ST Sy e
SN Obebl G 8 S I3 s 250 5 Glme S sld
Triphenyl (g5l S5, 31 055 b 45 Sl O350 0l
53 asdllas ol 55 .4 S eslic il Tetrazolum Chloride (TTC)


https://tumj.tums.ac.ir/article-1-583-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

Sloms b go s i gl (AR Sy sianlS ahiise 5o S TiaST iy pai blaio o ta gzl Mo i JalS Lo G vay

e Sy 2alS sy s eS| Sl e s
S eS| Sy o3 0533 et s) plondl 5 g abiae o] ) 0
3y oS s U (60 5 5 Sl ke SV b anls SO
5 2505 20 s Slas $55 ol ol s g ad JalS anlis
s0lgsss Mol cde b ol o3V 10 108 e s3b3 6 ole
530S D5 e 3 OF el L esiS (5 St slael,
Szt Sl bl 5 1y 0280 8 0L 55 5 Ol e S
ke el s wlilie (Sls e (2555 3 oL on e 03,51
sAsmussen VA0 JLo 53 ozl sls 555 0 36 gl Sl
03 0dy 35 ge 55 aeb A 3 VL les s S (6 S Boje
A Ol OF 5l 53,5 e IS plondl g oo Sl Jl
el Gl @ (glos 1S sboay (warm up) 03 Sp S
QeS| SRl 3 L cahae a8 s aaslie falS ile Les
5 Lo 48 ol ol a3 L 03l e abiae 4 Sl
St Sos ) s 28 L aies Ok 4 Al
SLod et s 515550 53 (G2 gdns Dliid J5 1/0 LS
3 =3U S el oyad malS gy, - (passive) Jlas .o
bl 5l (IS psbas cnl a8 8 0y S STl jal
Pl g S Ol om0 § b Ayl dlas set up) Slidises
o=l o S eslinal ples Ol i e ) il el ge s
3 oilasl dsb 53 0T JoolS 055 5 aliae Oa0eols 3 bl
Ayl abae 53 oS Sl 5l sy 6ol sl Coanl
3310l S B S gt 4 Ol e | Dl 8 alS
Gl 3l ahae JalS 0us s e 1 Olabl g adllae ol
wa)ﬂc,_,@;.-wolj)‘jcﬂ 23, TTC .4 eslinul TTC L
s ulal oS el of (viability) g plocans 5 BL
o3 SITTC (o sladsha 53 LS o Jos L5550 cw'ﬂ
doas oo STy Ik 151 565008 BT L 5035 e b
L el S5 aallan ol s Tl e sl 0,5 503 S
A e ganS s lS dlae LS Saic ie skiasylil TTC
S halS 48 5 pad (6 S et Ol e I 5 (W) SK2) s
Cornd 33 oS g 3l il S ST Sl a3 ilaze JShae
sty OLE L sl 8 andlan ) gl el 0355 Alae s
das p S s Ololil o o b JS ahae by i

Sl 5,50 slaes S 55 B plo> (sles 1) —d

Sgoisls  JSon o > Son il SE 055
(0) K S| (C) S S|

v ¥o ™ B31C
v *\ Yo D31C
q *0 0 A35C
v YO ¥4 B39C
v ¥4 vo D39C
20

€

}Z 30

E 10
-10 = (3357 ‘ VG3lBV ‘ VG31DV ‘ 7(33987 ‘ 7(339D7 ‘

Groups

Sl o5 plonil cblaie gl 58 SIS Dl s 30 Y - K
5 g ot AiMo &S 4 5 Kiled ULt MEANESEM &y gy 33l S 2o |
atiizen (gloos] oo gdes 4355 ¥R 5 ¥V Glos o (5505 e BN 4 5 Ken
sy st 4255 YO (los L [S$ 2SS | Ol o3 ©) o 53 9 B) J3
BYIB g YO Lilajl Sde ples 53 (B plax (slos L(p<H/Y) 3,1
plom (shas BYND 03 gy YA (oL1 51 J5 aids To ke &y alaions slas
3 BL e slas BFVA Lo W1 (ds ) LRI pm 55 5k
o BLE 31 S (L plem (e BB sy TN 4ids ¥ oy BLEN
(s ¥0) oL o 53 (L plam sles 1BYAD 0o YA 4ds To ke

59 YA B3 T ke 4y B ) dey B plo (sles GTAA sy TR

slaes S 55 MeantSEM) G o gl <oy s Sla> talS Ao s
OAVY(Y/AY) ol 5 54 GYAD 5 GY4B GY\D GTIB GYO
5 LEYFOQ/Y) 50 /FYFV) OY/EY(F/AY) OF/44(V/+¥)
Ll dS alS o Les s 8l addlls
sl Gl s A e SEeST Dl s e S
P Sl Jian 1 (e 5 2lS e 5y iyl ahas
bl adaly a0 Komn o ) B ol s S el

)Jﬂ}&él{rk}db:%jﬁ@\@)ﬂﬁgwéﬂsw

VYAV gy oF 0)lass « 55 0,50 o g (Kijy pale olCiils o S 3y 0uSCils dles


https://tumj.tums.ac.ir/article-1-583-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

yay OllSas 5 Sholsi SUy b sigo

350 St Ul 0 Ad S L s SLSLE e 6
cidoe sLass S o s me (ilel NSl sy pde S
Dl yed Clate JMae D8 LalS Lo U e eiasill
bl 53 oSl Od sl pds s iz 5 Ll S s
(i sl 53 esliial 3y e el 3y Ayl dlae Slidss
son s b Jalse Bl L Slids bl ol Sl Ol5 e
I s 53 3 5med esliiul Cidiie Jalye plw it s
Jyplalae Slidss bl 53 3l QLETTC L dlae (551K,

S Ol GV b slasis w1 dhae Ols e ol S
Sl s blary ol 51 0lss e 10T 5 coils oK 0l pmnnsl
L)\>L@T@u,>wdu;ﬁ,u Jelge Gl a5 Calzs
das leslial Ly ol Gl 53 aods ) 5bay 55l eolinal
los odin 6 (st ol g Bl U ozl 5 oS 5 gh 4l
5y S ST Dby ol Bl S el 8 SRalS
dede glos i L Ol el & Ao 8 jasiie 5 ot S5 )
Sl i 1y el Suls EalS ke Sl e s L LS
e 3l 5 Gl slaas sl 5l el sy il e 5 L 1Y
et 45 0 5ad St 455 Gl 05 e Go el s Wl
o 33 e ale S mST Sl s b das gles
RUSUNEILIYS.3] B VRON SN U VS WS LR W S B § W
References

1. Allen DG. Eccentric muscle damage: mechanisms of Early
reduction of force. Acta Physiol Scand 2001; 171: 311-9.

2. Lieber RL, Friden J. Mechanisms of muscle injury after
eccentric contraction. J Sci Med Sport 1999; 2: 253-65.

3. Lieber RL, Friden J. Muscle damage is not a function of muscle
force but active muscle strain. J Appl Physiol 1993; 74: 520-6.

4. Howell JN, Chleboun G, Conatser R. Muscle stiffness, strength
loss, swelling and soreness following exercise-induced injury in
humans. J Physiol 1993; 464: 183-96.

5. Friden J, Lieber RL. Eccentric exercise-induced injuries to
contractile and cytoskeletal muscle fibre components. Acta
Physiol Scand 2001; 171: 321-6.

6. Warren GL, Ingalls CP, Lowe DA, Armstrong RB. What
mechanisms contribute to the strength loss that occurs during
and in the recovery from skeletal muscle injury? J Orthop Sports
Phys Ther 2002; 32: 58-64.

7. Evans RK, Knight KL, Draper DO, Parcell AC. Effects of
warm-up before eccentric exercise on indirect markers of muscle
damage. Med Sci Sports Exerc 2002; 34: 1892-9.

8. Nosaka K, Clarkson PM. Inlfluence of previous concentric
exercise on eccentric exercise-induced muscle damage. J Sports
Sci 1997; 15: 477-83.

9. Warren GL, Ingalls CP, Armstrong RB. Temperature
dependency of force loss and Ca (2+) homeostasis in mouse

VAV y0 s F 0, las s 55 0,93 4507 (Kb sl olSitily o 55y oaCails aloea

uﬁw&_aﬂjf\g))ﬂul&lsks))fdﬁuo.,\,\fa)j.aﬁkbﬁl
L;Lhujuéj)ﬂa.’\_&r\:u‘gﬁwwJ)\&&M‘QL%JJ
L;})ﬂ_s_:wéuﬁ Sheslaul 5L pde skasOlis 5o Ll
I ) K ST Sl e clate ae &5 rals
gl =k 5D 038 0 5 Nosaka Slidss b Jle Ol sews
5 o (i S G ) 95,8 5, b GUSS zpm b o il
S5 LS gy AL S s S ST Ol el
a il ansdllan 3550 5131 55 G ST Ol el 5l a0 S sl
eslasl &S sl esls OLiS Quigley s Paddon-Jones > ARG
= 6l Sl Gk e 53 S eSSl el 5 e by
s Tl S ST Sl es Cilaze SMlas S5 hals
rl_?u'lu..‘lfwuiyd}ﬁlwé})ﬂASgWarren‘_;?bdL;,I;
Qw&ﬁ.ﬂjﬂlQ)JﬁMS}bJu:.«ggj_;cda.cbcw‘a.k&

. . 7 74 . .
5 O Saes ol Tyl s Ayl dlae 5 K st o s
JHe b cde i a los sl 3950 dlie 5 1) oludly cpl g
G s S ST Ol el Clate S oyl oyd3 Jals

.. a X LT .

L;_;.ﬂ:r.')J ‘}JW.J;_'«J‘)&_AJ;)_A U‘)}j—f BE) ‘JL;"’I:""J"‘)"; L;}
Q)J_; JISL,\J sz_:go)\.k_:‘_gék_‘)ﬁ‘w)] aJLL’I_.A‘l_:f.pB
ol a5 LT (los s ey S plod 53 ol SoLE

\L?‘P\QLA)):)_:A_AU\OMﬁa)):JsjéquJ‘qb)ds

EDL muscle after eccentric contractions. Am J Physiol Regul Integr
Comp Physiol 2002; 282: R1122-32.

10. Brock Symons T, Clasey JL, Gater DR, Yates JW. Effects of deep

heat as a preventative mechanism on delayed onset muscle soreness.
J Strength Cond Res 2004; 18: 155-61.

11. Safran MR, Garrett WEJ, Seaber AV, Glisson RR, Ribbeck BM. The

role of warmup in muscular injury preventation. Am. J Sports Med
1988; 16: 123-9.

12. Gray S, Nimmo M. Effect of active, passive or no warm-up on

metabolism and performance during high-intensity exercise. J Sports
Sci 2001; 19: 639-700.

13. Safran MR, Seaber AV, Garrett WEJ. Warm-up and muscle injury

preventation: an update. Sports Med 1989; 8: 239-49.

14. Strickler T, Malone T, Garrett WE. The effect of passive warming

on muscle injury. Am. J Sports Med 1990; 18: 141-5.

15. Frank SM. Consequence of Hypothermia; Focus on: Perioperative

Hypothermia. Current Anesth & Critical Care 2001; 12 : 79-86.

16. Paddon-Jones DJ, Quigley BM. Effect of cryotherapy on muscle

soreness and strength following eccentric exercise. Int J Sports Med
1997: 18: 588-93.

17. ¢ Clain J, Hardy JC, Sinoway LI. Forearm comperssion during

exercises sympathic nerve traffic. J Appl Physiol 1994; 77: 2612-17.

18. Ray CA, Gracey KH. Augmentation of exercise-induced muscle

sympathetic nerve activity during muscle heating. J Appl Physiol
1997; 82: 1719-25.


https://tumj.tums.ac.ir/article-1-583-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

20.

21.

22.

23.

24.

25.

Temperate effect on eccentric contraction induced isometric force loss Y4y

. Ray CA, Hume KM, Gracey KH, Mahoney ET. Muscle cooling

delays activation of the muscle metaboreflex in humans. Am J
Physiol 1997; 273: H2436-41.

Blazevich AJ, Sharp NCC. Understanding Muscle Architectural
Adaptation: Macro-and Micro-Level Research. Cells Tissues
Organs 2005; 181: 1-10.

Rijkelijkhuizen JM, Baan GC, de Haan A, de Ruiter CJ Huijing
PA. Extramuscular myofascial force transmission for in situ rat
medial gastrocnemius and plantaris muscles in progressive
stages of dissection. J Exp Biol 2005; 208: 129-40.

Constable JK, Barclay CJ, Gibbs CL. Energetic of lengthening
in mouse and toad skeletal muscles. J Physiol 1997: 505 (Pt 1):
205-15.

Draper D, Harris St, Schulthies S, Durrant E, Knight KL, Ricard
M. Hot-Pack and 1-MHz Ultrasound Treatments Have an
Additive Effect on Muscle Temperature Increase. J Athle
Training 1998; 33: 21-4.

Ashton DF, Darper DO, Myrer JW. Temperature Rise in Human
Muscle During Ultrasound Treatments Using Flex-All as a
Coupling Agent. J Athle Training 1998; 33: 136-40.

Warren GL, Lowe DA, Armstrong RB. Measurement tools used
in the study of eccentric contraction-induced injury. Sports Med
1999; 27: 43-59.

26.

217.

29.

31.

32.

Warren GL, Ingalls CP, Lowe DA, Armstrong RB. Excitation-
contraction uncoupling: major role in contraction-induced muscle
injury. Exerc Sport Sci Rev 2001; 29: 82-7.

Ingalls CP, Warren GL, Armstrong RB. Dissociation of force
production from MHC and actin contents in muscles injured by
eccentric contractions. J Muscle Res Cell Motil 1998; 19: 215-24.

. Bishop D. Warm up I: Potential mechanisms and the effects of

passive warm up on exercise performance. Sports Medicine 2003;
33:439-54.

Goldlust EJ, Paczynski RP, He YY, Hsu CY, Goldberg MP.
Automated measurement of infarct size with scanned images of
triphenyltetrazolium chloride-stained rat brains. Stroke 1996; 27:
1657-62.

. Yaoita H, Fischman AlJ, Strauss HW, Saito T, Sato E, Maruyama Y.

Uridine: a marker of myocardial viability after coronary occlusion
and reperfusion. Int J Cardiac Imaging 1993; 9: 273-80.

Tidus PM, Cort J, Woodruff SJ, Bryden P. Ultrasound Treatment
and Recovery From Eccentric-Exercise-Induced Muscle Damage. J
Sport Rehabil 2002; 11: 305-14.

Morgan DL, Allen DG. Early events in stretch-induced muscle
damage. J Appl Physiol 1999; 87: 2007-15.

VYAV jo0 s F o)l « £F 0,590 o Sy pale ol o S gy oSl dlzeo


https://tumj.tums.ac.ir/article-1-583-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-23 ]

Tehran University Medical Journal; Vol. 66, No. 6, Sep 2008: 388-395

The effect of temperature on eccentric contraction-induced isometric
force loss in isolated perfused rat medial gastrocnemius muscle

Vasaghi Gharamaleki B.'
Keshavarz M.>*
Gharibzadeh Sh.”

Marvi H.*
Mosayebnejad J.>
Ebrahimi Takamjani E.®

1-Department of Basic Sciences,
School of Rehabilitation Sciences,
Iran University of Medical Sciences
2- Department of Physiology, School
of Medicine, Tehran University of
Medical Sciences

3-Neuromuscular System
Laboratory, Faculty of Biomedical
Engineering, Amirkabir University of
Technology

4-School of Mechanical Engineering,
Sharif University of Technology,
Tehran

5- Department of Mechanical
Engineering, Iran University of
Science and Technology, Tehran

6- Department of Physiotherapy,
School of Rehabilitation Sciences,
Iran University of Medical Sciences

*Corresponding Author: Department of
Physiology, School of medicine, Tehran
University of Medical Sciences, Tehran,
IRAN

Tel: +98-21-66418494

email: mkeshavarz@tums.ac.ir

Abstract

Background: The typical features of eccentric exercise-induced muscle damage are
delayed-onset muscle soreness (DOMS) and prolonged loss of muscle strength. It has
been shown that passive warmth is effective in reducing muscle injury. Due to the
interaction of different systems in vivo, we used isolated perfused medial
gastrocnemius skeletal muscle to study the direct effect of temperature on the eccentric
contraction-induced force loss.

Methods: After femoral artery cannulation of a rat, the left medial gastrocnemius
muscle was separated and then the entire lower limb was transferred into a prewarmed
(35°°) chamber. With the chamber temperature at 31, 35 and 39°° before and during
eccentric contraction. Isometric force loss was measured after 15 eccentric contractions
(N=7-9).

Results: Maximum contraction force reduction has been used as an index for eccentric
contraction-induced force loss. In this study eccentric contraction caused a significant
reduction in maximum isometric tension (p<0.01), but no significant difference was
seen in isometric force loss at 31°° and 39°° compared with that at 35°°.

Conclusions: Our results suggest that temperature changes before or during eccentric
contractions have no effect on eccentric contraction-induced force loss.

Keywords: Isolated perfused muscle, skeletal muscle, eccentric contractions, isometric
force, gastrocnemius muscle, temperature.
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