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Recent studies indicate that environment can modify skeletal muscle gene
expression and transcriptional factors in offspring genes. Therefore, exercising
can lead to changes in the gene expression of the future generations. One of the
important metabolic factors is PDK4, which is known as the main factor in
Pyruvate Dehydrogenase Complex (PDC). This study examined the effects of
maternal exercise on PDK4 expression in slow and fast twitch (soleus and EDL)
muscles of male offspring. Twenty Sprague-Dawley rats were divided to three
training groups: before pregnancy (TBP), during pregnancy (TDP) and before and
during pregnancy (TBDP) and pregnancy without training (control) group.
Training groups were running on a treadmill for four, three and seven weeks,
respectively. Two months after the birth of the offspring, 6 male rats were
chosen randomly from the offspring of each group. The samples were
anesthetized using Ketamine (90 mg/kg) and Xylazine (10 mg/kg) and their soleus
and EDL muscles were removed immediately for examine. Gene expression of
offspring muscles were analyzed using real-time RT-PCR. Fisher test were used
to analyze the difference between the training and the control group. PDK4
expression of offspring were significantly increased in all groups except for EDL
muscle of the TBP group. According to the results, it seems likely maternal
exercise training can affect the metabolic regulation in the offspring by
increasing the expression of some metabolic genes.

Published by Kharazmi University, Tehran, Iran. Copyright(c) The author(s) This is an open access article under e:

CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/) DOI:. 10.29252/jsmt.12.1.13.

https://jsmt.khu.ac.ir/

13


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-6563-9882
https://orcid.org/0000-0001-8490-838X
http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

YE+Y YY b)lo.»); ‘Mb},sb 0,93 “_5)5'.15 9 wf’)‘)g G.Jo 20 OARgR

S39L8 9 (w9 b 30 g R
YOM-TATO : i iIIbLE  YYOY—-Y-A tolr bLb

Homepage: https:/jsmt.khu.ac.ir

i

Vi
u’;,tnfn,

P ol Jgl Juwd WS g i Sl dhas 43 1) PDK4 o5 b (5 30k (53198 (o 3 39 (39 909

W30 il ¥ (1 s0 (Sl go
TS e |

el 1 [ e ol

.Q]J.:\ LO\J@J "&J.Jl)’.' JLisls “5;2)')‘5 rjl&)v;.b S S 0 dSESNs c‘;ﬁ:‘}‘)‘j d}_}jﬁﬁ .Lﬁ:‘)‘ JAL;:)\S Al

U‘J‘L\ ‘Q\Jé;‘da))\}} om\b ‘J‘L“).)ﬁ fjl“'}gj""\" CA.:JJ.T amb ‘J‘iﬁj)} 6)})):"):.9)%]) Al
&L.@;J*}om‘é oS 6)_5\;.§}r}19 oAl )libl:..u‘ Y

neda_khaledi@hotmail.com sl 16 1 gtens ok &

oS>

Ot il S5 gl Gk 510 BAS Pl Wl e lame 45 Lsls OLES ot la a3,
e Jolse ahor 5135 8 eanl (sla o 55 05 Ol i & e Bl Jhios Astlae bl
2l S oLl el 3L a0 Sl ax o Lol bele S S PDK4 4 015 o 5l 5 ot s
Ol o sbo oS 5L 5 as oMae 53 PDKA 05 0Ly 5 1) 63l (2355 cred S 2as
2 anle 53 (Jols STl sl 3l o rsn s Yo als 513 o) 2 3550 il o OG5 5 50
i Osd IS s S K s ol e s U s ol e oIl B ued 05 S
D3 il s gl amia Y Y E G5, Sl i 5 el Gy S LS e 3555
e Ghge e VoS a slesle bl job a4 Dbl A 5ol ¥ 308 5l e i S
ishls 5 MGIKG 90) alS S 5 Ay n g3 po3T ks Sl (503 p 30d skate 4
oz Sl (EDL) 0laSSl oais 5L Lsb dias 5 e dlas oDl 5 250 (MQ/KY 10)
Ot b golel pasl b i elil Real time PCR 55, L 03 0ly rows 3 anils
3oy S el sl Jus 0103, PDK4 05 0l s (g ,Se3lhil J 28 5 e slaes S
ol b OESS) b saiS 5L AUl diae 3 5 oIk S S cpes 0 S 4 OLas
Dby Il b asle s opped Vil sy o oy sel s & ke ey bl

sl St o 1 055 sl e (S e oS W15 e (S lie sla05

14

sallio leMb!

AR VA VA WG VR @)U
VECOVIYY il g g

VEC AN iy
Sl o3l

Ol ( (Sl ooy (S

SU3 a0y Silg e a5 2 O

:&l?v'

BT O N K g PR Covy
05 Ol oebe ilsa Eios (S
s S 5 a5 Sl alae 43 1, PDK4
oRIP ples la ras 5 0155 ol
5oy ok e sk e s
YY=YY(YY) VY gl


https://orcid.org/0000-0001-6563-9882
https://orcid.org/0000-0001-6563-9882
https://orcid.org/
https://orcid.org/
https://orcid.org/0000-0001-8490-838X
https://orcid.org/0000-0001-8490-838X
http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

\i.\‘YY‘a,Lo.Js‘w.a,:}l,:a),;“_5)51;35&33”%1,)30%92

Aodio
ol s (b s K50l Goob 51 o535 il 5 e ams (slay 581 oS sl 650 50 0l Ky | Dl
CES5L B ek Ay 0 1 e LB S8 o 45 LA a te (S gl SSE s LT () s
5SS ol Jl s (V) el 05 15 3 et sboml O3 Ol i opl &5 S o Ul 05 0Ly 53 asles S bl
Wl 3 b SIS3 )l r eBios pres BT SRl s S5 w atls s pske on S
Ly 05 Lo 5l o sias Bl n s Al e BLEI 5les S ke L DNA s oS cod 51 is Sy ol IS, sba
Lo S simed DS (5555 Sl Sl U S5 ) Ol Sals e 3 G o J 5 gbay
ol Lo micro RNA il ¢l 51 0Ly 5 DNA 0 dlze Lol DNA Ol a5 5 St O sudlzl 5 0 5Dl
33 i 5l e Ol s S35 sl)(Ntanasis-Stathopoulos et al., 2013)(3)(3)(3). ¥)(™)())X)
Sl ol GBS 03 e Ok i 00 et (SISl Sk Jsame ol gz L DNA L
S5l e lSe (8) 5505 glasdas sl 8L v 5 1) (S35 sladS 5o ol iU ol oss 03 5 ~Slal Ul
Osmad i JolSS 2 Sge e Jolse b 5l e (S plie Slacslon ST 5 et (5 e S
S5 03 K54 Cadle ) » Uk e L3 Lale lasli, L(0) S e g e S Ul B a5 e
a3l 3 O35 DS dates 4 e Osle slagsley 5 S| 5 28 5 £ 00 50005l (V) 3,108 e e
el (S35 e DA gosle o555 Sdlad Bk 5Ll (V) s sl g Oldedul (S05 55 (S sl slags e
S S e sl 05 Ol 3 1y Sleis s cdle LA 3,108 e Lol (S sl s Sles 55 o1 0155
2 A s mehe slap S Sl S s s e Sl Az 55 bl 5 (S plie sla, Sl sl
SDNA Gl 53 is Sl b 5T 51 (ol b ol bassla 5 3l ot als S5 o) ol i
Lol oo 5l e s o dsb s i gl 3 (6ol pased 5 aex 53 A Al 5 S stees S
Jolse Lo s 55 o0 Bl (ST nlie slag sl ST 5 (ST nlie oesd o Stnn 5 o &S S5yl slap IS
Q) g oo S 5 il S dlss e JolSS 2 S5e sl OMSIe 5 555 Cled sl ol e
ShaS dasT e Gl olodS s 3 Sas oS wdad (gla0) 5l ok sliad MRNA 0L (g5150 555 ol
i saud b aS ol PDK odas M.;I o5 ez 31 S PDKA (v e) 55 o Lal PDKA & Ol o a0
o Aol SIS 655 e i L oS 5 e (S bl 5w el 55 PDC 0l e 8 4 e O

s> E2) (GU3s,ams Oly 1) S5 viij“ 5l a3l i 48 ame G PDC (Y) a8l e GBS

15


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

m—ﬂ Y 5 E3 Jlasl gobtle s Cs (E3) 555,500 el dsods (g 5 Gl 5 Ll Al ) 55000
e gie 52 ot glasSB 5l (S Olss w PDK4 ...l (PDP) ;blius U5 4> &l 5 PDK ol
PDK4 05 0l & jets Yozl s (V) LS o Calom 53 10enST O 50y g dheons &0 LATP W5 LS g2
Ml i (V1) Gl (S s (6 iy 3llad S5l o5 5linS] ahiae 5 Olgis 4 Lo oLl S alias
5 bdd Ol oS a5, Cled 3 e s Sdeads L3555 ol b mMRNA PDK4 ; PDK4 55, 55
Vo oy PDKA 5555 cdleb 51 3 s ol b o Sl 1l ime g 41 oy o L et
b 03 s s Sk n S oS Cox o wds s AL RS S5 <l 5l LS dhae 03,8 S s,
b pas Dloden s S w55 S Sloy b anslis 53 PDKA RNA Ol 5 oo 555 0555 Sl 51 dn (5,555,
0 Sl Dl Ll sl el (gadate Al 3555 Sl oS el yasle (V) Wb el 50l e
OLSan 5 5, sl caslin anllee L 53 (V) Gl odllast L 55 4 558 OIS E (ST slie U5 (655 600Le
2 053 (S sl & e 51 L8 0 651200 e 5 8 b he Slbsls G555 cled 45 Lsls LA (Y4 0)
DS e &y 535,80 Olpsle S5 S ks OF) S hiblons 03l oy e Sy e S Ll
S A 5w oM ) B s o oRe glacdlad jo 0S8 el il S gl
5 S5l ool sddplrl Slalllas a4 55 L ulal pl ol ey Gla ol 5 pole 2yl 5 2o 1
ko Al S Ol & oo slaastite ST A ey s Sla05 Ol 3 aeme el 36 aul
s Sl LT oS el ol il 4 S5 )3 andlans ;g ansl opl by sl 4 S50 5 aadllans ) o oS e S
4 35 day o O35 53 PDKA (S plen 586 8B (5 l581 o so L5 00 (51000 e 01000 1 S e
oo 555 S pand 4 Slg Dlalllas bl s 33,8 el gl s 3 (530 el it o
GOl dyl el oLl S 5 s odlas PDKA (S pbie 05 Ok g0 (6o (o0 <l S Jaxas)
I3k e sl U3 $osle 3lan s e LT oS 338 e Ol 65 nl 55 ek e el atls

g3 wlidg s
DS 05 S L osasl m b tans b 5 Gl Jhe by aRlesl = o0 o5 5l ol tann b,

« ol

16


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

\io\‘YY’b)ww&b}‘sb5)5:“5)5@56,‘3})5%):0%9%

o3 1P Sdn p e oKl M) aes 51 IRRQUMS.REC.1396.288” (o=l U wbys b hass ol
5 oSty Slidod amge Jsls Sl 3155 esle oo Jige o Yo 501655 1 (olol amsls o3 5 15 asb
bosle Jholal Syso 4 &S Loy laale Y5 015 5 bl amalr ol ladi el sl LSS (g5, S3lop
Siy oo o8I (3 oKLl 53 asn cnl LAd bl g S s 5l ool paised 5 S slite
Sols Syl ol el ol s ogn e Yo S 4 S 53T ples S e sl 6sed e S el 58
03,5 8 55 esle salas [ sbar ol ile3l James b (gilulisl wain G Sl a3l 1y (6 la,b w2 oS (glazin T\
03L) J s (8 5(N=0) (g lasl e 5 3 0 a3 (VN Z0) (olasl e 1 503 (V. iN=0) (g 5la,L 31 L3 o 105 ()
Lis 4S) oI5k 51 B olpn s wxia b ST pledl Sl dn Lad e (NZ0) (5555 Solled €S
oSS s el gl e ige 3L S aleo e S 5 Y e 4 (B S 15 Ol o ¥ 5 ) (slaes S
s 53l SO sdalin Lesle ol s Gl ise 53 otk Al 5 s s esls 13 S i e
o S5 o Y 5 Y glaes S esle ol s Sla e 3 355 VA=Y &S (g4l300 013 SLL B s . 5
P OB e 3,8 b1y A3 0d 05ss VY s Ol Oleals 1 g i S 13 553 O o sass (150
s (Volosb 3 L3 op s (Yt 8 8 55 ddls gz 0T 5o Oliilnle & Slses S wlal b 5 LS I
53 ey 8 ol s s (355 Slad 8 s 050) IS (8 5 b o 5 18 e (F (gula0b o
Olses 5 ol e G oge 055 Oloss cpl 53 B (I ole ¥ s (gl 108 5 O o sl3l vz U 5 i
sl s N alal Sppo ass,S L 5lele Yl e s S (6, Sl (Kats Sy po 4 OT b e gl
G 00 Cugby Ol 5 31,8 ol a3 YY 2 Y Lass glos L oiulol 53 Sl g . Ol (¢80 505 5 shane @

LS ealad JSJF Ja._,L? )‘ (\Y\Y) é)b—&uj) vﬁﬁk.\: 6‘)‘ RS ETS Whe 6)‘J.€_<.s ol JJLS M)J e

LsT 01,8 158 sy Collad oo b atin G ke a3 (U285 (g ,ed) Loy S oalod Il 3 5555 e JSS 5 5
win ¥ e 4 (oIl e o e Yoo S s amin £ e w0 (1ol 51 8 o sed) Voes S gle Sasel LS
S 1s 53 00-10) L gt i b (65lsa el asl S atin Ve a4 (ol e 5 S e e i) Yo S
Jols SLalsl Jol ol b ol o 5o Javgie Sl b g3len cp el IS5 kb S 513 (b eae O5enS]
e\ c,.a,.,,u_a?;mo:;f,f,jﬁ;ﬁgu@ij.@ﬁji%ym,gwo‘JWJ; oS Slaazia

17


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

055 5 (GI0k o 53 e ) Vo5 S Sl gagesl 5 A Sy b e pl bl s e sl oS 3 55519
Olagl 31 I3 el A L1 JS3) (10) s plol a3 5550 8l |y i ped ol (1L o 53 5 U e T

03 S Dy O3 b As B gre 5555 Sl

_;-;Ln)i C):g— \ _'\i‘-

Golasls e Ei0s et S ol 5l o i e B
T dsie T dzin Y\ azie £ amie T oazie T azie Y azie
) .
e ] 307
7| " 4 3
3, o e © it 8 e @ \l‘, e & i O i © e © 9 3
2 B ) 2
iy a2 N )
\) .I'\ “ ::.‘
1y s i |
wids T Zas Yo—YA addz Ve =IA A Fae 0" | aids Ee—EA | aida YeWA | aids Ye—YA
3815 I B il St - 3
= —_ fj
:i o EUAAl AL At = AL AL A JRCRT .a 3
3 3 3
e ey i itk aids ey ey hids
o e o e ) e ] P

O3 Ol wxw g 1 5!

() L4 s (ME/kg 10) 155405 5 (MB/KE 90) sS85 Mews 4 ba s 03T 1l 145 505 (653Ls 03]
3 i i ool 5 LA s il o8 035 o b 58 1) Ol UIST 5SSl Dbl (8l
DNA-C 555218 53 (658513 5l dms Ty 5 ik azdils 1 o2 g 0T (EDL) 02l oS 51 o 5bo ehae
38 ol am s =Ar Gl b3 3 0955 55 Olo s Ole3 B bz Uil esls 5l 3 =l <5l 05,5RNA Free
RNA CiS 5 coaS s p oo & i3S glsand Jspls oS 5l eslinad L JS .RNA s oS

S eslizal b ozl sl .RNA 1 osliz 3BT U5 559 5 5 (6 e s Sl UV gy g 5l sl Fd
= ke Thermo scientific, USA s,z NanoDrop 2000 UV-Vis spectrophotometer «&x.s
Sla ST JJais e 05 (sl p el s s 208l YN gn Job s 58 lr ool Sl eslinad LRNA Clile s
b ol gl ST (CDS) o S a5 JIg wlul 5 (Primer 3) J1le 5 S 4 228 5 5 &5,
L PDKAy5 28, al, 5 ¥ CACCTTCACCACATGCTCTTo = Jis L PDKALS iy ol s S
GAPDH 5 by sl women 33 S 1 bbp ¢4 L L ;7 CCACCTCGGTCAGAAATCTTGAS Ji s
o Js L GAPDHyu; <8, o0, s Y AACTCCCATTCTTCCACCTTTGATe Jiys L

58~ bbpat L. L s YAGCCATATTCATTGTCATACCAGGA

18


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

\io\‘YY’b)w‘@b}‘sb5)3:“5)5@56,‘3})5%):0%9%

23 8 el A SIS Y 5 b3l 5SS Y s GRT-PCR 05057 andllaes s go slaisl Oly abiisl 55k o
o5 ol&aws coslinuls; go olSams 23 S ploil BiOneEr oS 5 o S b G jae 5l esliad LART-PCR - & yef
sbeals S ,3qRT-PCR - usly 5 55 Applied Biosystems s s =L ABI StepOne Ju JSSL.
Relative & 5 « QRT-PCR & 5ol 53 03 0ly (omiw S o plonsl 1) 5,0l V0 lg o 3 5 Sal A

s S rL>.,;\

L.SLA‘-)‘B LS‘}" ¢ ctd‘ﬂﬁ é;a)Lb‘ J‘ o C.,.w‘ C.A?a.ﬁ‘ jjb- JL“MM.: PCR oJ‘}L: Qb,:.a Lf’l'ij)‘ L;M.v L5>w C/\-:AS L
LinRegPCR (Ruijter et al. 2009) S5l 5 5l estizal L PCR SLS ¢ s o (bt sod 55 anlllans ;50

1 alows PRAffl Jge 3 5 L 5 (FC) 0lo s Ol c EXCEIlAl 1 51 o3lizal b (g bl Slislos 51 5 puns

(Eref) Ctsample (Eref) Ctcalibrator

FC = Ratio = -
Ct Ctr:
(E target) sample  (Eq, g ot ) CLealibrator

Lals 3ol wolais (512 Ms tat € s excel slawsl 515 ad sl oo 5 ol Glaesls (suwatas sl dvo SLT )
051 s MSTATC le 3 5 eslizal L byl glallax 5 0op Jb s Ogoi] A eslinal Slowlsws plmil
L ol Ol oS e (512 DACT-2 55, 51t plnil s iloly 5588 (28 s Sl L
Sl snn el L (Frtest) is 0pe3T 5ol eslinal J 28 65,8 4 Comd (a3 035 53 G 05 Ol jalS
L el ho (o 3 (6ol re sd 12 P/

basdl

ol ol Y S 55 o jed (glae s pledl 3l day u05 5 IS (slaes S 0 O35 slome Sl il 5 S5l

EA (JpS)sslsb
Sk 8 eyl

250+ Sk G (2505

W ))s)b s g LS 0y

2004

f///

N\

150

(p5)csis

100+

50

\
\

N

) _

IS 3 syed 5 09,5 (o 03 2l i 2 S

19


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

ssba J 28 05 8 4 s o i 03,5 4w ;> MRNA PDK4 Ol phows ( Jod dlze 53 PDKA: 05 0Ly o o5
P/ YA 5 s TV e el <= PVA 5 s ALSE 1k Sl S e 35t 5V (61 e
Sl e 5o MRNA PDKA ol EDLalias s (F IS5 (P=+/+¥1)5 ol A selssl i 5 1S oyl
tlio 53 P= /00 AL 5 VYY) (Gulask e s B30 S 5 (P=/ 00T 5l n YY) (aulasl e el 05 S
P= /AN 5l AN IS 05,8 5 6olosb 3 B el 058 o ula e S (Js (3L 5l xS ey ST

(8 JK2) s saalin

Wl (=9t
1oyl b eyl
W (U=9slsb == wwn
5 SIBL e e
b oaiiS 5L Ligh o0kl 3L dlias E sl b oo e 4l B oot
(EDL) Gk G (a0 (Soleus) 21954 322 9 o (2 o
25 I sk o= 5 8 s 50+ s
: 20+ 1{ 404 e JORON
1‘ 15 i: 304
E 9
3 1 3 204
]
.') 2
3 54 5 o~ S
boee
0- 0 I.l !
b eSSl Jogb 0aiiS 5L dliae )3 PDKA U5 ol lpeis 4SS SBgs sl 09,5 15 e dlins 3 PDKA4 0 ol ool 3 S

Sbgs sl og)f)o

-
o liS3L SLal LS 5 A5 akas 53 55 1 PDKA O Ols o1l o 5 3 osle 5318 (a3 215 OLES a5
22 05 ol Ol (Rl o se ks (sla0l I J el Ll ol (5l anless OG5 e s b ORESSE Jy 5b
b sl S8 e s 5Ive—0 L = S G pae oIl 2l s s Ol e olal S dlae
V) 358 e Solem (g3l slacil s (S plie Lo, 85l 51 (glae samme s @0 Jllis ol &S Aas oo 1S0ES
T e e o S o L0555 S &S (gulasl 0L O Ol 53 s e Sl s 53 Slnss 0Dy
Rl S 2l E5s Sl e s SIS B S Old G ae b Sl s (Il e 02 SIS asl als
e fa 55 SIS Olejan b pme iy 40 48 AL 05 0L 2 55 SIS 0 ot w0 mi sl Sl AU cl S
sskie 4 O sladind Clale 4 53 (VA) 5,8 o s Jld A 3 i Sl e 5 A Jl- s
SIsbe 5103 3 @olsbias slacsls Yiarmt i)l ol & oSS L (W) il o 21381 5551 035 wal 3

il andls 5y Lb gpole iy Sl O G158 s sosle s b b SIS

20


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

\i.\‘YY‘a,Lo.Js‘w.a,:}l,:a),;“_5)51;35&33”%1,)30%92

TSI IS ST I R TS SURTS EE U N IS TR R TS SR ERVIEVE § INSPRLIFIN IR VP At
Sl odesls OLES 31 &5 (la0k (o305 Cred 05,5 OMG 0 55 (6 et e Lal ol 2l (g lalians  sba
O35 48 A3 o3ls UL Kos andllae 3 5 ez o 2alS 1) 5 OIS 3 055 5 (o 0355 o (Su3ke 2505 b oS
2 nl 2sbe O35 S plie & e 35 o se a2 53 5 (08 )T ol il J2alS 5 0I5, A o8
lacled 48 als OLES s cpl gl s (15,0 e 5 B (3 2505 (el sres S 03 b S b senen
52 (Y0 355 0I5 3 055 JoalS 0 jamie ol (S (551050 0555 Lo VL bl ST slias 5 i a5
S 3503 3y el pl g 4Bl 2alS ol e s sl i cdle ol &S ollsl sl axllas
0355 3l oI e 2508 cred 03 S OG5 B O55 53 (S e

e 53 PDKA 05 0l 2 63155k e 5 b 5 o o sl 50 et il o & ST sla i
313 OLES Y410 O, e 5 185 ol sty anbess 5 0035 (e 5 b Ol sb s 5L) (oLl a8 5
AYV) s g EalS 1 Bl Oloale 01055 5 (it 5VL L udS (6 5 HOMA 22 ls (SIS (6 ole 5555 <l o8
52l S lie SV 1 sl e s b5 6sle sB s oo ped 43ia N 68 sl OLE TV E OLen 5 SY
e 53l Gl 1 PGCL-0L O gzen o0 Oly 5 55 685 OI53 L3 Olsle oz 210 03,
OLis Sl 5 Sladl gladigel 53 YooV Olan 5 pge S5 b 51L(V) 5,8 i 1, 0105 3 S plie 5 Slas
i 3y b oS (Y 1Y) ol ot Al alae s PDKA 05 0y il Cor g 5355 o ed o 3l
w05 S e 5 Shas goole 35,5 e 45 Al To10 OLKen 5 5l (T7) 558 s ol ot 51|
Wl Yoo ) O 5 5,80 (V) Ao oo 55mg 01033 O O3 LaalS 5 S plie sla0s Ol il 58l a5
3555 30 G S s 5 01 04 Wb 4 s (PDC) U5 5,083 Sls 40 same 0SS Ol e 4 PDK4 0
AT o il o Gladenl O sl denST a3 45 (S o O psldennST Cgr (5 S 320 0500 40 Slydan s S
(JB o3l 2o s S Ol o g0l hash S @ a5 L) s e Dos A e 4 ol
3ot o 5o PDKA 05 0l (el 53l oy 4 Yozml 5 das 2alS 15 01055 035 15 oo I3k o 5 U3 5
i S ke s Shee

oS 3L Lol us dlze 53 1, PDKA 05 0l (s la,b 5l b3 o555 s 4 2l Ol ol ey mls b
Olge 4 PDK4 &S lTsl s e olisl S akias 53 0f 0lo (il 5l o ge s 5 anls i L 0kl b
o (YE) eJ,iJ.:i.i.S Il Cy slaylb 3l i EDL dlae 5 (VY) sga g alil GL,AS s onSmJa,J S
a5 Aol a8 i PDKA Oly w55 5 201 (5 208 (LS st (6 soms EDL alize 455505 5 2 5 Loz

Y10 0L 5 5k Oldlas Gb 1500 YU Cus b a5, el ¢l plde ol Sl glacys sde

(Ll 5 0l glacys g 4 a5 L b 510 sl Sl 5oL 0L 5 (gl 5 Lo st0 ol oS U o3l QLIS

21


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

Y&+ Y D)Loas cw&b}',h 2,9 56)5&5 ) &5’“35)9 u]o ) ‘)«.ﬁs}i

S 5 A%
05 S Olge 4 PDKA Ol Gulil e gonbe L3355 o ped 4 38 asein asdlls ol glaasl s ;s
OIG3,5 O35 oMoy 358 o 3 O35 (e 5 L 0SS s b oS 3L) AL LS 5 a5 Shlas s pge (S ple
ol s e Ay o 0 4 XS e iy A il I e s B s S s (e S Sl
b o ey sla s 3 1y A ahe oo ke (slad S Ol L5155 o (2555 Sl 3 gll 51 ke (515 s
AU o ST sk glacslis wby Je alae 53 a5l 0L &S 5 &5 abiae ;3 PDK4 05 Ol ol is e )3
s A B8 e Yarml (315m Conle b 058 odlae Sl sla Sy Ll S5 550 (s31pn e
e o e U Al g 3 35 e sl S Sy 1 A e OMae (3lpa s LB 55k (sl
5033 Sl 53 6t sla e s Sl alas (S pbke Sla03 (515 pased 5 (U1 pasiad ey gladtnl B
23S S pe s o s

References

1. Barres, R, Yan, J., Egan, B., Treebak, J.T., Rasmussen, M., Fritz, T., Caidahl, K., Krook,
A., O'Gorman, D.J., Zierath, J.R. (2012). Acute exercise remodels promoter methylation in
human skeletal muscle. Cell Metabolism. 15(3): 405-411.

2. Araki, M., Nozaki, Y., Motojima, K. (2007). Transcriptional regulation of metabolic switching
PDK4 gene under various physiological conditions. Yakugaku zasshi: Journal of the
Pharmaceutical Society of Japan. 127(1): 153-162.

3. Ntanasis-Stathopoulos, J., Tzanninis, J.G., Philippou, A., Koutsilieris, M. (2013). Epigenetic
regulation on gene expression induced by physical exercise. Journal of Musculoskeletal &
Neuronal Interactions. 13(2): 133-146.

4. Prather, H., Spitznagle, T., Hunt, D. (2012). Benefits of exercise during pregnancy. PM&R.
4(11): 845-850.

5. Knowler, W.C., Barrett-Connor, E., Fowler, S.E., Hamman, R.F., Lachin, J.M., Walker, E.A.,
Nathan, D.M. (2002). Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. The New England Journal of Medicine. 346(6): 393-403.

6. Blaize, A.N., Pearson, K.J., Newcomer, S. (2015). Impact of maternal exercise during
pregnancy on offspring chronic disease susceptibility. Exercise and Sport Sciences
Reviews. 43(4): 198-203.

7. Laker, R.C,, Lillard, T.S., Okutsu, M., Zhang, M., Hoehn, K.L., Connelly, J.J., Yan, Z.
(2014). Exercise prevents maternal high-fat diet—induced hypermethylation of the Pgc-1a
gene and age-dependent metabolic dysfunction in the offspring. Diabetes. 63(5):1605-
1611.

8. Wolfe, L.A., Mottola, M.F. (1993). Aerobic exercise in pregnancy: an update. Canadian
Journal of Applied Physiology. 18(2): 119-147.

9. Dhasarathy, A., Roemmich, J.N., Claycombe, K.J. (2017). Influence of maternal obesity,
diet and exercise on epigenetic regulation of adipocytes. Molecular Aspects of Medicine.
54: 37-49. doi:10.1016/j.mam.2016.10.003.

22


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22520708.1401.20.23.2.5]

[ DOI: 10.29252/jsmt.12.1.13 ]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

YEY VY 5 lond o225193 2595 (559U 9 (o359 b yd iRg3y

Oberg, E. (2007). Physical activity prescription: our best medicine. Integrative Medicine.
6(5): 18-22.

Pilegaard, H., Neufer, P.D. (2004). Transcriptional regulation of pyruvate dehydrogenase
kinase 4 in skeletal muscle during and after exercise. Proceedings of the Nutrition Society.
63(2): 221-226.

Luginbuhl, A., Dudley, G., Staron, R. (1984). Fiber type changes in rat skeletal muscle after
intense interval training. Histochemistry. 81(1): 55-58.

Stanford, K., Lee, M.-Y., Getchell, K.M., So, K., Hirshman, M.F., Goodyear, L.J. (2015).
Exercise before and during pregnancy prevents the deleterious effects of maternal high-fat
feeding on metabolic health of male offspring. Diabetes. 64(2): 427-433.

Carter, L.G., Qi, N.R., De Cabo, R., Pearson, K.J. (2013). Maternal exercise improves
insulin sensitivity in mature rat offspring. Medicine and Science in Sports and Exercise.
45(5): 832-840.

Roger, V.L., Go, A.S., Lloyd-Jones, D.M., Adams, R.J., Berry, J.D., Brown, T.M.,
Carnethon, M.R., Dai, S., De Simone, G., Ford, E.S. (2011). Heart disease and stroke
statistics—2011 update. Circulation. 123 (4): e18-e209.

Hau, J., Schapiro, S.J. (2002). Handbook of laboratory animal science: essential principles
and practices, CRC Press.

Li, G., Wang, J., Ye, J., Zhang, Y., Zhang, Y. (2015). PPARa protein expression was
increased by four weeks of intermittent hypoxic training via AMPKa2-dependent manner in
mouse skeletal muscle. PloS one. 10 (4): e0122593.

Burri, L., Thoresen, G.H., Berge, R.K. (2010). The role of PPAR activation in liver and
muscle. PPAR Research. 2010. doi:10.1155/2010/542359.

Raipuria, M., Bahari, H., Morris, M.J. (2015). Effects of maternal diet and exercise during
pregnancy on glucose metabolism in skeletal muscle and fat of weanling rats. PLoS One.
10(4): e0120980.

Oliveira, V., Silva Junior, S.D., de Carvalho, M.H., Akamine, E.H., Michelini, L.C., Franco,
M.C. (2017). Intrauterine growth restriction increases circulating mitochondrial DNA and
Toll-like receptor 9 expression in adult offspring: could aerobic training counteract these
adaptations? Journal of Developmental Origins of Health and Disease. 8(2): 236-243.
Vega, C.C., Reyes-Castro, L.A., Bautista, C.J., Larrea, F., Nathanielsz, P.W., Zambrano, E.
(2015). Exercise in obese female rats has beneficial effects on maternal and male and
female offspring metabolism. International Journal of Obesity. 39(4): 712-719.

Horowitz, J.F., Leone, T.C., Feng, W., Kelly, D.P., Klein, S. (2000). Effect of endurance
training on lipid metabolism in women: a potential role for PPARa in the metabolic response
to training. American Journal of Physiology-Endocrinology And Metabolism. 279(2): E348-
E355.

Muoio, D.M., Koves, T.R. (2007). Skeletal muscle adaptation to fatty acid depends on
coordinated actions of the PPARs and PGC1a: implications for metabolic disease. Applied
Physiology, Nutrition, and Metabolism. 32(5): 874-883

Bobinac,D., Malnar-Dragojevic,D., Bajek,S., Soic-Vranic, T., Jerkovic, R. (2000). Muscle
fiber type composition and morphometric properties of denervated rat extensor digitorum
longus muscle. Croatian Medical Journal. 41(3): 294-297.

23


http://dx.doi.org/10.29252/jsmt.12.1.13
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.23.2.5
https://jsmt.khu.ac.ir/article-1-314-fa.html
http://www.tcpdf.org

