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Abstract

. . . . Keywords
Background & Aims: The preconception and during pregnancy periods are now

thought to be critical for the long-term effects on fetal development and postnatal High-intensity interval
growth and may predispose offspring to phenotypic changes and multi-diseases later

in life. Moreover, physical activity and different kinds of stress during pregnancy are fraining,

two important maternal behavioral lifestyles that can influence in health or disease Maternal exercise,
of mothers and fetuses. While there are still many questions about the optimum Sirt6,

intensity of maternal exercise, exercise during pregnancy has been considered as a

positive environmental factor in the prevention of chronic diseases in the next IGF-2,
generation. Several pieces of research have shown the positive effects of short-term Offspring

and long-term exercise on the gene expression of offspring. High-intensity interval

training is a form of cardiovascular exercise in which short periods of intense exercise

with less-intense recovery periods. Animal model studies recently highlighted which

pregnant mothers could tolerate this intensity during pregnancy. It has recently been
determined that the Sirtuins family has a cardioprotective role in the heart. There is

evidence that Sirt6 protects the heart from developing diseases through negative

regulation of the insulin growth factor (IGF) signaling in the myocardial cells.

Therefore, the present study aimed to investigate the role of high-intensity maternal

exercise before and during pregnancy on the expression of cardiac genes Sirt6 and

IGF?2 as factors of cardiac health in adult female offspring. )
Methods: Twenty-four female Wistar rats which never experienced a pregnancy, Received: 05/11/2022
aged 8 weeks, were randomly divided into three maternal groups; mothers sedentary Published: 02/01/2023
(control group, n = 8), mothers who exercised only before pregnancy (n = 8), and

mothers who exercised before and during pregnancy (n = 8). High-intensity interval

training consists of running on the treadmill with the speed of 18m/min at 10°

inclination for 3 mins (85-95% ofVO2max), switching with active recovery, and the

speed of 13m/min (65% of VO2max) at 0° inclination for 5 days/week which is in
accordance with the overload principle; the duration and number of bouts were

increased every week. High-intensity-interval training was performed in two parts,

the first part included six weeks of HIIT prior to pregnancy and then 3 weeks of HIIT

during pregnancy. Two females with one male were mated for two days. After
pregnancy, the animals were kept individually per cage to notice the birth process,

number, and birth weight of pups. Then the offspring were allocated to pup groups

according to their mother groups at the end of the breastfeeding duration (3 weeks
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old). Ten-week-old rats were anesthetized with Xylazine (3 mg/kg) and Ketamine
(30 mg/kg) and the left ventricle was separated after whole blood extraction. The
Sirt6 gene expression and IGF-2 gene expression were measured by the RT-PCR
method and the data were analyzed by the one-way ANOV A method.

Results: The present study showed that there was no statistically significant in the
sex birth weight (P = 0.246) of pup groups as previously published. Also, maternal
HIIT did not lead to significant differences in the number of pups (P = 0.16) between
different maternal groups. Maternal HIIT before and during pregnancy has effects on
the Sirt6 gene expression (P=0.0001) in the heart of female offspring and has no
significant effect on IGF-2 gene expression (P=0.268).

Conclusion: The consequences of maternal exercise in offspring have been
investigated as a positive maternal behavior during pregnancy. We have indicated in
our previous study that maternal exercise before and during pregnancy has positive
effects on the cardioprotective genes of male offspring’s hearts. In the present study,
we broaden the investigation to determine the cardioprotective effect of maternal
exercise in female offspring. Our finding indicated that maternal high-intensity
interval training leads to an increase of Sirt6 mRNA in the female similar to male
offspring. Scientific evidence supports a relationship between birth weight and
postnatal health outcomes and mentions birth weight as a vital factor in adult multi-
disease. Consistent with the previous study, our study showed that maternal high-
intensity interval training did not affect the birth weight of offspring. The benefits of
high-intensity interval training on the heart are the reduction of glucose consumption
as a source of energy so high-intensity interval training compared to traditional
moderate-intensity continuous training is a suitable way to promote heart health. It is
well established that maternal exercise during pregnancy improves insulin sensitivity
in adult offspring. One of the protective factors of maternal exercise is the decreased
cardiac glucose uptake in offspring, but its molecular mechanism is not well
understood. It is well-known that one of the important pathways of the
cardioprotective effect of exercise is an activation of the Sirtuins family. It has been
demonstrated that one of the intergenerational effects of exercise in cardiomyocytes
is increasing Sirt6 in the neonatal heart. Therefore, one of the possible mechanisms
to increase the expression of the SIRT6 gene observed in the present study to improve
the cardiovascular health of offspring by maternal HIIT before and during pregnancy
is to reduce glucose consumption as fuel and reduce metabolic pressure on the heart
of offspring. Likewise, we indicated that maternal high-intensity training could
increase Sirt6 in the heart of adult female offspring. Thus, the above findings suggest
maternal high-intensity exercise is a positive maternal behavior before and during
pregnancy, which can affect the health of the heart in the next generation.

Conflicts of interest: None
Funding: None

Cite this article as:
Mohammadkhani R, Khaledi N, Rajabi H, Komaki A, Salehi I. The Influence of Maternal High Intensity Interval
Training before and during Pregnancy on the Heart Genes of Adult Female Wistar Offspring. Razi J] Med Sci.
2023;29(10):258-267.

*This work is published under CC BY-NC-SA 3.0 licence.

Y.

http://rjms.iums.ac.ir VPY ) oyl YA e,ss 5jl) Sl js ogle alan



https://rjms.iums.ac.ir/article-1-6818-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-09 ]

O Jlesal oS can T QB j0 00l 7 5kae oladlors
OO0 V) des o Jrals 1) By - L8 slos)lon

g ol jolo 4y ai_ily o1 Lo a5 el 55 IGF2
Ol <8 pga0 Sgail 5 pgu0,lS ol ,o IGF2 mRNA
e 8 guls ) JolSS 0 IGF s ((VF) 095 oo
LLs,las gpsb 4 o)ls alis 285 o),
IGF- ()l (l33l g W5 plan 05 039 G 5 obns
2 s gyle a4 Dl s Soli8lax Dy 92
A plpls (V) cwloas saalie  JLuS )5
@ ole |y B IGF-2 o Sirt6 Fgla s i )y o0
o (olB Cadl 008 i iy (slo e e
S Ol cnl 5l2d Sk s gpole B35 L
S50 5 R R 6ole (3559 53U (LS Dlllas
9y SrwS Slallas g VA D) wlosls 1,8 axllase
(Yo ) ol o plol oole a5,

SO gl o yed 4 Eul s et i TS
o——> (High-intensity interval training -HIIT)
MOk sl (b8 o Sles i SIS &5 slo )b
wul jans b nlel 4 e Wiled co aSL )l
Oleie & HIIT (YY) 09— 58 i L8 glo S
Sty Sae ol 5,5 Callab (51,55 slaaleg
Slro,g0 ol e a0 L8 Lo iSlas ws 0 WD L AL
YV V) 9g—d oo a8 )5 L3 50 JLad (s55L50,
S5l imd s, 55l wims oo ol 3l Olllas
Sosb e [ aily (n ol Sl ) (Bgpe g (8
b alie o 2ol (n el (Boye (ol Wil (o &5
SOVF YY) 0,00 092 (g lolre Lglas Jawgin oy ol
vl W g bbb sl ddlie I SG aS Ll
SN Cardg Sauty ((YO) Sl (5)lo )b 51 S plate
25 60k sl slasaly p ol 36 3k
o ol ol cils anles las;,8 Caodlw 4z
Wlgs o 5yl HIIT LT a5 el ol anlllas ol Lo
Saily @l oske a3 8 8 b 55 (5 350 Jele
I 3 50 3 6 Iy il Gy 51
5 SIt6 slo 03 Oler lie 2 6Lk e 5 )L
23,5 )18 Sl oyee 0ole lasy s A8 IGF-2

SLECTY
PSS, n Sladss oy Sl it oo agh

A\RA

OI)K.QA 9 u}l&.xw d&l:xl)

dodio

sy 5l oIk g sk 5l i Slej eblis

Agi 5l Gy 0y 5 (i Gy aelip I8 51 Sl
155 sm 55,8 53 (saisd Sl b 45 a3l
L S5 sam sladle yo iz slags Lo 4 M
2k olhsd o (V) e 8 Losd hesi o
D3 b (035 bz )k Sszg pas Do
sloiohls dongr &b oy oo bwgie
oz 5 2le sl Sl g Sl (SRl
oo 156 LB Slalllas o az ST () a_il asde
A3 Gl b g Ggye 05ee gm0 2 sy0le )9
L adal) jo Lol of(F-0) ol ool ools jlid )ls,8
Lol Ol 2 Gl e vl s 9lsd
Sy 5o AT 5 slos o 2 Wl 2
S a5 Wl Gl S s g g5 el
O St oS (5y0ke ()9 (Sadlxa slap S
Oi oler oIBR8 cw s n b
O sy bl I (7)) aib oo (Sirt6) &£ g5 s
Collad 5 Bk 5 n g 0lgls 5 Gy Culad
& ool sl S gsh Gl 2 S
Colled s (A V) 8l 099 NADY) a592lS s
Ol G380 pleond (b T oy gy (S
o g ools ade i 1) Suy codled 51 b (NAD
Som o Sles 5 el Slpts o Sl y9,—2
ST i e SLSY Wil il alas
g 9w e | g I ST i ool |
AVY &) 0isS o U glapanST 4y 5SS 51 s oo
Spbie slom 5151 (6 )loms Codlad g5 pw @ly 5o
4> 2 9098 JUl 0y (S 45 2 )3 250
aS Cewl oals ool Hlas (A=Y 0) S o mudais |y 0yl
& e ige S—ac ;o SIRT6 o Slec jo oS
el L a5 09 b oo o (g ()9 Sod b hals
olyod Jrasy 55y Oy 90 Do g Sl
4 Lon 95y Sy 00 Sl 4 (nlple (VT) 0l o
L o) s o (Sdplie 5 (Js¥9e Jons Olore
ol o oy Called oz )l gla S e
Sl AL oD, oSl ate oo (V)
Sirt6 ala_wlg 4 (Insulin-like growth factor -IGF)
Ssele Gl 5 (S0 0B gee slaJobosw 5o



https://rjms.iums.ac.ir/article-1-6818-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-09 ]

B sy p b o g U8 (6yole LD (99l (a3 U

Silmpbmes Jdo bz slass (plai; 2 g5 5l o
Y1) (29 5 0,80 pladl 5l am 5 wiad ply Waog,S
ool p g 00 b o 095 jole 3l oole las;,8 (5,
23T AN G09S )3 393 ol (el e
FOAD (6 IS5 an Ve (e & (e, B g 428513
313 Crped 09,8 58 dPe) J S 09,8 ;58
e 9 J=B el 095 Gl s (Pbp) o)l
ool 05,5 o 50 lad;,d slass (Pbdp) (s,ls,L
Al a8 3l o ol ol jole slass

2O N (29l Cnped (gl el K5
O s JSSgn ad Ll g pole (g ped (slaoy S
aS ogs 5,10 b 51 L8 Jol e a a3 g bbb
g b 53 59, 0 Sln Jees 5 59y 2 g Jolb
Sooogiie Jole Sypo 4 gl axan o o ped
AW-A) dado v VA Ce b g gladdo
g0 olyed 4 dz 10V Cd g (A S dwo 4O
£O) dids o WY ey by Jled corl il aigdo
(YY) 090 4> )0 oo ol g (Aniiw S8y duo )
e 5o sll 4 g slaalag 5 ngs Co
) Jaaz) cdb iolidl )b aslsl Lol ulul

Gy b asllas 0,50 Slles i gad /i w/
2P e Yo o 4 5 - eeliS oS
3lSSg w59 3l 655 95 3l S WAl Shorm 5 kS
5o ool gyl Slind 3L b onds lax 3
&b Gisr o S @ sileloz 5l o Ol
S IGF2 5 SIMt6 (sla s oles ol sl 5 dazi
A (5,l0a5 8l )3 il -V °C sles

Real time-PCR g, U 5 obs s50jlbi/
—Ce3LS) Jg5kS Jslowe 5l oolawl L RNA | 5ei!
2,5 Oyge oijle S8 58 Jeall giws Gl 5 (02
oz peiwl plod gl yiogil YE /YA ods> o
3258950 5 Lags RNA Sk 5 51 VASY 0
99y Sl S35 3 i 3550 (42 )3))
oolazwl (0,5 ,5i5) GeneAll ¢S 5l cDNA 4. RNA
a>,0- Ve sles o 0wl cws 4 ¢cDNA go &
slag) polaisl glasely cad 65laeS ol 5 (il
5 >,b AlleleID7.6 33l 3 SaS @ axlllas 5)50

http://rjms.iums.ac.ir

b pele oBiile S 5y eaSliily jo a5 ab L e
a8 ol (535l i (o

sle Ghge o YV ipR091 (Jam slodiga
(py S YeoomVVe thg el o) [l —agg 0l oole
pole ol& —isls Sy ol —iolo 5] ,o axdl b9
L heos goud 508 Laulyd cod plaes (SO 5
B¢ gomd Cugby ol 5 ile 4z 0 YYEY O > a0
g el WY SO U/ glibg, a5 > ooy
OB gz oot glaé g ol a ailolyT o
ool Slaa DS lae oo 50l (5l S
Sblger 5l oo o ozil" sl Joall g o
S 5 Lisse S Jolie gl alKtylos]
Olp! Glgm lalllas o3l 03B 5,50 do ] 0,8
S a5 o8, § )8
(IR.UMSHA.REC.\YaV,0YA

yob 4 bl dsllas Sllgs rae/lbo =/,b
Oeped ((N=8) (C) J S (50le 05,5 aw jo Solas
o> 5 J= 8 i 9 (N=8) BP) (glo5b 5l S
S5 N0t ot ee—eis (N=8) (BDP) (s ls,L
Gk e g aan £ o a4 g lo)b sl B oy el
Sllgs gyl lis ol a8 )3 o o aaa ¥ Sow 4

9

&

o WY U e, by, ¥ oo a als i 2g, b
Pe—ato Juod i b a2 80 VY Goe 4 g 4By o
S S Sl YV 8 e o) B aig>
Sl byl jekate 4ol bl (gl !l ool i S
ot o Salily 4 o) B pags codyb o
JSSgpm atan & plail lam 0o 5 e IS cél s
ao3le (hge 93 L 5 (hge S0k 5l B (o el
AB)5 18 G pShr Cuz B8 SG 50 59, Ve
126k 355 ol e @ Jlezsly Sl sanl s
3l S saal i a5 Sl 5 Lol o a8 )5 L
Sl e sded 39-i cod Cgmins &,lo,L N
Iy Gl (o (ool JSigy aian ¥ e 4 yobe
Goy YA=YY) sulosl 0,90 plasl 3l amy g asols aloxdl
Ao z ) asdllas 5l wog eauis o b aS ola yhge

V) s oled Moy gjly ySiidjs ogle alan


https://rjms.iums.ac.ir/article-1-6818-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-09 ]

d])m 9 @BM A.Sl:xl)

S SS9 p =Y Jgue

Gl 5l 8 o8 JSTg

8 ole; loalag slasi L (b yt0) Jub ol Cop und b (4083 0 o) dinds Sy =
(4d33)cp yo b Go @p)
¥ Ve W A Jsl
Y ) W A po>
vs WY V¥ Y- pous
5! W \$ vy prl
¥y i A vy iy
¥o \a y. vs 3
Sk o (Gayed g

¥ Ve W A Jsl
Yv 3 \ VA P
Y5 \ X Y poes

3 oliaedsl gl (P=2/Y) ol L5 ) (g lolize
O 5l amr g B )9 Caand (g ped Joe (oS 5]
Frod) oo il oS 5 plen g ol o o pod atin
g (P<efeve V) Sy Gl omie (o3 i
A Caad 00,5 oy yed liole (P<ofe o)) Cil s
25 51 5ol lis ol ogdle S 095
oole 5 5 slad g olaxs g P=+/V7) o aJ o slaws
ol 09y (5 ol alie (slrog,S o P=2/V+)
jloyou%&gﬁ)sbomu_w\)w)o
pBan (599 (P = /) 2) S iz @uies ;o s kel Has
O529 I g Dglad laijye s P = /YEF) W
(Y) cuslas

5 3 g0k HIIT (s Canal Syo jelaie 4
3 SI6 5 ol ol slodlys bl 53 5l o
&S job len al byl eole lasy,8 (8 o IGF-2
Sirt6 o5 ylo el sab ools i) S o
Sl 5o 5 b s ole yes Sl 0 (P= oo e 1)
IGF-2 o5 ol Lol el ildl oole sladd g5 o
AW ool caalins juals ne, Je (P=-/YFAY)
Cilad S 09,5 b s loline

.‘¢=‘

b H3S B SO Glgie g5l )b g Ho SR
5 )éLo S e u" }UL oS o P

VFeY oV oyl (Y4 6,90 ﬁjl]bﬁlﬁﬂpgl:nhn

A

OiLS &S b 4 clw Sz 0,5 Blast 1 o
oolarw! b Real-time PCR STy .ol ools i )law
Josdlygi o b 3illas Real-time PCR oo
ool—wl 5 9 (AMPLIQON, No. A323499) c..s
)5 oo Ol Olee -0l plxl SYBR-Green o,
-l w8, 0 sl eslaiw T S 09,5 b dn 3lie o
(YA 0 dsloes YACT Joo 8 g ST
d DAl 45 ol hagly s slol slosis,
O oo 43‘)‘ )L:.r.‘c dlﬁu‘ + u.:.i:L.Q C))ﬁ_.o
ool 3 Leosls qjsi g Jlay oy oo
LSQSJ‘? O u‘).M.w J.n))f oolai ;ilis—sﬁw
548 ,b SO slgl gesl 5l eolai—wl b 5 o pkite

laools J.‘.L’z.: 9 4.’).‘>u W) e old ‘s.u.a.u Qﬁ")‘
GraphPad 4 Excel 2010 sla 3810 5 5l ool —ul b

)JéJ )OP <’/’a Lg)bgs"‘M C_E_..u 9 'Al?u‘ Priam8
RVPEER

loaisl,
30 Sl oo ools (Lis ¥ Jgaz jo ol jole slaools
O Olole )9 00 ololiae glas By po g9,
lrosls .(P=+/FAYY) b las 0929 gl (slrog,S
S0k 51 BB 6 pole (e az STols (LiS ste ()
90 lolime ol cpl Lol b (59 rals 4y poeie
el 3o, Glles oo 059 (P=+/YYFY)

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6818-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-09 ]

B sy p b o g U8 (6yole LD (99l (a3 U

Aol Lbuog Slasuie -Y Jgd«?

C BP BDP
I 4 ¥ 0l Hbb sl sliss
Y £.aY NESVIR) LY Sy b sy slis
e @59
¥ Y A »
Y Y ¥ odle

0)5 .153,S (Bjy9 ()0 5 U a5 lysle BP 055 J5S) 155,55 oy ped &5 lyole L 05,5 rchitis .l oaid o0l ()l 3kl (gllad E 3 Sike yguny polie don

>

sirt6 mRNA

Pc Pbp Pbdp

A8l e P<efo o) me ay seien 00,8 oy ped (505l > g JuB &5 sl BDP

0.0-

Pc Pbp Pbdp

S8 o pe3 09,5 5,0 ‘(PC) U8 09,5 55,8 .60l HIIT Jlis & e3le b sy IGF-2 4Sirt6 85 cla oy obe olyuss - IS
Al o P<efe o) o @ s (PDAP) o), e g I3 (05 09, 5558 5 (PDP) 5L

yosl gl e [ HIOT Jazs oLl o)l
Owegd Olgie 4 (i Al e Siba 58 Ll
SIS 50 Golow 9 (ks A i g 0 ) al> o
ool e 0 (Y7 YD) sl o a5 5 cols ool
o Slasaly g 059 alal) 5l ale wals
a W Gy 5ls (7)) S oo Colas A g Sl e
a8 oo 0l VLS )5 (ke 58 e Jole SO (lgie
2l (YA) ouls ploxil L3 aslllas i gollae (VY NA)
Opyed &5 0l plas po b Badod jo 3,8 Wg 3
Lcsla olass,8 e 59 6wl (g 0l HIIT
Sl sl gy Wilgh oo (5 0k HIIT aSio) 4y axg5
I w05 o 0a33,8 W55 ()35 2 it 23l g
Lo sl 0 A3 355 b1 45 el l L
Jas s bad g8 bhoe S 4 |y poy S5
Colom 8 clitlre Cga )0 sa s Wgie s
fos
595 % L hee LS (35,9 45 Cewlosds (st
ST g Figm o ) Ol Slgies o)k Jsl

http://rjms.iums.ac.ir

2 oo S ol 3l St Swz 0 e
(YY) el aid 3 1,8 axgi 0,90 S5 )5
S5 el e p e salyd 131 a8 o
Sk e sole (S Sl ala il @ gom
2 2550 Feke sl lsile Jg el onds i
ol e T oaile 3l asliss b oo BT ol 55
g 8 oL HIT s )y Baa b bl asllas
Ol » el (S955 51 S G lgre 4 o)L e
el cosle 55,8 (o8 Candl 7 sign (o8 sl
05 Ol et Bl gl aX8l () et A
ala_lg 4y 0ole i )8 Sirt6 ( L8 cdw b ba e

el 6,I05L g B yole HIIT cldled
ol g cdld g Ga s

s oF g

@ 858 b sly @bl Slse Gyl)L e
Sl Oldllas 590l a4 B (YF) ool a_dls ol o
Sy90 6 o)l lhee yo wai ogli oy yed )...:l.,
ol slodidl b guan (YA YY) cvlosls j1)8 o)
S ige aS ols L 35 ol dslllas gl (Oladllas

V) s oled Moy gjly ySiidjs ogle alan


https://rjms.iums.ac.ir/article-1-6818-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-09 ]

30 Budzd ol 0 0o b sunl i SIRT6 5 o\l
&yoLe HIIT (505 ada g a5 lasy s 8 sdlw
Sl & SIS By e alS sl e 5 Jad
Ol B B oo )ly Sl jlind palS g cgm
1S S Glaas @ |, Sirt6 5 slaandl oSl o
1y o1 53l 5 o rlB sl (s laad
Saselyly (s el s o3 lee sl (58l 5| Sy ol
(on) pode (FO) Wloo,S Bpae 8 Sl
IGF-2 s hin pnais a5 o)l 5929 (goale—0
Golow 9 8 ol slauil ;o8 Sirt6 Lawgs
5 sl sl sl pl 0 . (V) el (60 )5 50
Olygs 5o jole vl s dss wsols s ol S
Oz 8 O IGF-2 cuie oo 4 yomie (gyl05L
Ol Sl o (gl st Clge Wlgh o 4T 09l oo
adlas ol 5l J—ols gl (FF) ol ails ol o
aS Sl ) SKen 5 g p dnllas gloaidl b g o
Oean Olie et & e (s )yole (i yed ol (L

(F) 355 0 Sirt6

G S 4ol
ol clidlons 5,855, axdllas oyl o 4odS b 4,
@ JLS)n 0 a5 (8 ere slasilon 2l 0
2 2390 I (o0 E) (hbe (sharzme e s
Olee 4l y0le (B39 (ol bt g 85 )18
Jod (B Sdls dnn g5 Sz 50 09> sl S
A AD atie S S ek 4 Sl dlez p sun
Gy e 5 b gyole HINT 33,6 dnie ol il
SIRT6 5 s i b ool (gloalgs b 1o wilgs o
Do K00 5l el peigres Sl ol en
G g 9 Gl 4 gl e 1) (S cedled
9955 S &k oye0 oy mal Sy oyl
G s 4y aslgy oo oo Dl SU cplas slo ol
2 s slagsslon Mol Jlozl 5l g g0 Jie
ol 5l ol slaosls s 18 .0iS (6 S i oo
HIT (s y0d Gl ;o a5 S oo Slgaiiig anlllas
Sl L S8 g o)l e g B 5 y0ke
2 SBoe m el oo b gile @ Dl Jle 2o

VFeY oV oyl (Y4 6,90 ﬁjl]bﬁﬁﬂpgl:nhn

Yo

OI)K.QA 9 @BM d&l:xl)

s o Jb cul b (YR) ae o aolsl 1) a8
SLaS )5 B lags ialidl I bl aS s (ot i
OB 9 Lyply Lwly (med 503 b 090 o0 Lade>
O 0 Alidbgls g ole o5y a5 wilosls ol
M5 e Sdslie Gl gle s Sl 65000
5 5y o5 00 alin axdllas 1o (YA) woo oo ials
bl I8 )0 1) g 0ke (n o (adlne 25 ]S
e n ol g glaeaST o i liee o b
b 8 oldlas IS b 4y () wols L 5 Sirt6
Sl sladiges 59, 1) G52 2 50l (A)55 Sue
soas g le (Jb cpl baslesls flis Sle> o
J— (B (D 9,505, b 5 50ke ()59 Al
Sblie 5 (ol S 15 Az gi 090 yiaS (G0
SIS 5y alS o 5 HIIT (05 Sl
8 o ibige 8L nl 50 (551 aall e lsie 4
Foml slboaa bawlis o) oy Joo 0l
Olye (o8 (Sl )] 50 clin (o5, lgin
P&l e ol i Caie S0 (Fr) WS o
Ogenil 0 Sl fal38l 5 SIS Sliw g2egn S9upe
O ol (e e sl atiis (p95u (IS5 3
Ol 5,8 B po SelS Ll rals 4 e (g5l
L3 yo 65,5l oaS el Lol e (FV) Ceslons
o | g lon STaS wil b oo > laaas |
(V) 29 (oo plail ()3 SIS pandgilie ibo 52
Jol 4z 0 10 L8 S g B ooy Jlins iolisl b
(FF) 92 500 ez i S5 4 0z v —l
5o 0ad odal i L8 SIS Cdo il cpl b
sl o sla 5B Sl (S plye 4 (Pl 558
IsSs0 03l Lol ems | o0 axsliss (0l oy pod

s Lawly ol o cwl onis ais bl w0 4 oyl
Jld Bl cdadlors jo )59 ool bl ol po
SIRT6 03l a5 sla Jige ;o a5
@ 35 8l5 ot 0uilS Jo g0 glié bl aiwn
WS ol ol 38 (GLUT4 g GLUTL ) Jglo (49,0
U)‘)"L‘" (ff) ‘33"‘“(5" )59K )...w..u d)..a..n A oo as
P Jloial lapsiliie 51 (So oS CiS Bl o

losls l—is

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6818-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-09 ]

B sy p b o g U8 (6yole LD (99l (a3 U

9. Donniacuo M, Urbanek K, Nebbioso A, Sodano
L, Gallo L, Altucci L, et al. Cardioprotective effect of
a moderate and prolonged exercise training involves
sirtuin pathway. Life Sci. 2019;222:140-7.

10. Pucci B, Villanova L, Sansone L, Pellegrini L,
Tafani M, Carpi A, et al. Sirtuins: the molecular basis
of beneficial effects of physical activity. Intern Emerg
Med. 2013;8(1):23-5.

11. Villanova L, Vernucci E, Pucci B, Pellegrini L,
Nebbioso M, Mauri C, et al. Influence of age and
physical exercise on sirtuin activity in humans. J Biol
Regul. 2013;27(2):497-507.

12. Webster KA. A sirtuin link between metabolism
and heart disease. Nat Med. 2012;18(11):1617-9.

13. Cui X, Yao L, Yang X, Gao Y, Fang F, Zhang J,
et al. SIRT6 regulates metabolic homeostasis in
skeletal muscle through activation of AMPK. Am J
Physiol Endocrinol Metab. 2017;313(4):E493-E505.

14. Sundaresan NR, Prabhakaran Vasudevan LZ,
Kim G, Samant S, Parekh V, Pillai VB, et al. The
sirtuin SIRT6 blocks IGF-Akt signaling and
development of cardiac hypertrophy by targeting c-
Jun. Nat Med. 2012;18(11):1643.

15. Winnik S, Auwerx J, Sinclair D, Matter C.
Protective effects of sirtuins in cardiovascular
diseases: from bench to bedside. Eur Heart J.
2015;36(48):3404-12.

16. Wang K, Shen H, Gan P, Cavallero S, Kumar S,
Lien C, et al. Differential roles of insulin like growth
factor 1 receptor and insulin receptor during
embryonic heart development. BMC Dev Biol.
2019;19(1):5.-

17. Botting KJ, Wang K, Padhee M, McMillen IC,
Summers-Pearce B, Rattanatray L, et al. Early origins
of heart disease: low birth weight and determinants of
cardiomyocyte endowment. Clin Exp Pharmacol.
2012;39(9):814-23.

18. Beeson JH, Blackmore HL, Carr SK, Dearden L,
Duque-Guimardes DE, Kusinski LC, et al. Maternal
exercise intervention in obese pregnancy improves the
cardiovascular health of the adult male offspring. Mol
Metab. 2018;16:35-44.

19. Mangwiro YTM, Cuffe JSM, Briffa JF, Mahizir
D, Anevska K, Jefferies AJ, et al. Maternal exercise in
rats upregulates the placental insulin-like growth
factor system with diet- and sex-specific responses:
minimal effects in mothers born growth restricted. J
Physiol. 2018;596(23):5947-64.

20. Raipuria M, Bahari H, Morris MJ. Effects of
maternal diet and exercise during pregnancy on
glucose metabolism in skeletal muscle and fat of
weanling rats. PloS One. 2015;10(4).

21. Songstad NT, Kaspersen K-HF, Hafstad AD,
Basnet P, Ytrehus K, Acharya G. Effects of High
Intensity Interval Training on Pregnant Rats, and the

http://rjms.iums.ac.ir

2 03,lg Gi,.lyb.a)l_ws oS amel jo GIL.S)}%

SLA g o
aloy, o pSo e | 5l oi So jlais S o dlie oyl

3 %505 S3909 e 5SS a2l €18 ( SlBaess
Sl pled Sl abs g (nay b bige (o0))ls5 oSl

9 S10)8 Woged 63 ag ul plmil o], Lo &S

References

1. Fidalgo M, Falcao-Tebas F, Bento-Santos A, de
Oliveira E, Nogueira-Neto JF, de Moura EG, et al.
Programmed changes in the adult rat offspring caused
by maternal protein restriction during gestation and
lactation are attenuated by maternal moderate—low
physical training. Br J Nutr. 2013;109(3):449-56.

2. Marques AH, Bjorke-Monsen AL, Teixeira AL,
Silverman MN. Maternal stress, nutrition and physical
activity: Impact on immune function, CNS
development and psychopathology. B  Res.
2015;1617:28-46.

3. May LE, Scholtz SA, Suminski R, Gustafson KM.
Aerobic exercise during pregnancy influences infant
heart rate variability at one month of age. Early Hum
Dev. 2014;90(1):33-8.

4. Newcomer S, Taheripour P, Bahls M, Sheldon R,
Foust K, Bidwell C, et al. Impact of porcine maternal
aerobic exercise training during pregnancy on
endothelial cell function of offspring at birth. J Dev
Orig Health Dis. 2012;3(1):04-9.

5. Abdolah pour A, Rajabi H, Gaeini AA, Sofiabadi
M, Khaledi N. The effect of aerobic exercise during
pregnancy on vascular BCL-2 <BAX and eNOS gene
expression in adult male offspring rat. R J Med Sci.
2019;26(5):56-66 (in persian)

6. Brito VB, Nascimento LV, Nunes RB, Moura DJ,
Dal Lago P, Saffi J. Exercise during pregnancy
decreases doxorubicin-induced cardiotoxic effects on
neonatal hearts. Toxicol. 2016;368:46-57.

7.Kanfi Y, Shalman R, Peshti V, Pilosof SN, Gozlan
YM, Pearson KJ, et al. Regulation of SIRT6 protein
levels by nutrient availability. FEBS Lett.
2008;582(5):543-8.

8. Koltai E, Szabo Z, Atalay M, Boldogh I, Naito H,
Goto S, et al. Exercise alters SIRT1, SIRT6, NAD and
NAMPT levels in skeletal muscle of aged rats. Mech
Ageing Dev. 2010;131(1):21-8.

V) s oled Moy gjly ySiidjs ogle alan


https://rjms.iums.ac.ir/article-1-6818-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-09 ]

Placenta, Heart and Liver of Their Fetuses. PloS One.
2015;10(11):e0143095.

22. Haram PM, Kemi OJ, Lee SJ, Bendheim M@,
Al-Share QY, Waldum HL, et al. Aerobic interval
training vs. continuous moderate exercise in the
metabolic syndrome of rats artificially selected for low
aerobic capacity. Cardiovasc Res. 2008;81(4):32-72

23. Kemi OJ, Haram PM, Loennechen JP, Osnes J-
B, Skomedal T, Wisleff U, et al. Moderate vs. high
exercise intensity: differential effects on aerobic
fitness, cardiomyocyte contractility, and endothelial
function. Cardiovasc Res. 2005;67(1):72-161.

24. Gibala MJ, Little JP, MacDonald MJ, Hawley
JA. Physiological adaptations to low-volume, high-
intensity interval training in health and disease. J
Physiol. 2012;590(5):1077-84.

25. Harrison CL, Brown WJ, Hayman M, Moran LJ,
Redman LM, editors. The role of physical activity in
preconception, pregnancy and postpartum health.
Seminars in reproductive medicine; 2016: Thieme
Medical Publishers.

26. Mendes OC, Sugizaki MM, Campos DS,
Damatto RL, Leopoldo AS, Lima-Leopoldo AP, et al.
Exercise tolerance in rats with aortic stenosis and
ventricular diastolic and/or systolic dysfunction. Arq
Brasil Cardiol. 2013;100(1):44-51.

27. Freitas DA, Rocha-Vieira E, Soares BA, Nonato
LF, Fonseca SR, Martins JB, et al. High intensity
interval training modulates hippocampal oxidative
stress, BDNF and inflammatory mediators in rats.
Physiol Behav. 2018;184:6-11.

28. Schmittgen TD, Livak KJ. Analyzing real-time
PCR data by the comparative C T method. Nat Protoc.
2008;3(6). 1101.

29. Mohammadkhani R, Khaledi N, Rajabi H, Salehi
I, Komaki A. Influence of the maternal high-intensity-
interval-training on the cardiac Sirt6 and lipid profile
of the adult male offspring in rats. PloS One.
2020;15(8):e0237148.

30. LiuJ, Lee I, Feng H-Z, Galen SS, Hiittemann PP,
Perkins GA, et al. Aerobic Exercise Preconception and
During Pregnancy Enhances Oxidative Capacity in the
Hindlimb Muscles of Mice Offspring. J Strength Cond
Res. 2018;32(5):1391-403.

31. Klein CP, dos Santos Rodrigues K, Hozer RM,
de S& Couto-Pereira N, Saccomori AB, Dal Magro
BM, et al. Swimming exercise before and during
pregnancy: Promising preventive approach to impact
offspring’s health. Int J Dev Neurosci. 2018;83:71-93.

32. Harris JE, Baer LA, Stanford KI. Maternal
exercise improves the metabolic health of adult
offspring. Trends Endocrinol Metab. 2018.

33. Eclarinal JD, Zhu S, Baker MS, Piyarathna DB,
Coarfa C, Fiorotto ML, et al. Maternal exercise during
pregnancy promotes physical activity in adult
offspring. FASEB J. 2016;30(7):2541-8.

34. Blaize AN, Pearson KJ, Newcomer S. Impact of
maternal exercise during pregnancy on offspring

ARAY

d])m 9 @BM A.Sl:xl)

chronic disease susceptibility. Exerc Sport Sci Rev.
2015;43(4):198.

35. Barker DJ. The fetal and infant origins of adult
disease. BMJ. 1990;301(6761):1111.

36. Barker DJ. In utero programming of chronic
disease. Clin Sci. 1998;95(2):115-28.

37. Hopkins SA, Baldi JC, Cutfield WS, McCowan
L, Hofman PL. Effects of exercise training on
maternal hormonal changes in pregnancy. Clin
Endocrinol. 2011;74(4):495-500.

38. Raipuria M, Hardy G, Bahari H, Morris M.
Maternal obesity regulates gene expression in the
hearts of offspring. Nutr Metab Cardiovasc Dis.
2015;25(9):881-8.

39. Chung E, Joiner HE, Skelton T, Looten KD,
Manczak M, Reddy PH. Maternal exercise upregulates
mitochondrial gene expression and increases enzyme
activity of fetal mouse hearts. Physiol Rep.
2017;5(5):e13184.

40. Eskelinen J, Heinonen I, Loyttyniemi E, Hakala
J, Heiskanen M, Motiani K, et al. Left ventricular
vascular and metabolic adaptations to high-intensity
interval and moderate intensity continuous training: a
randomized trial in healthy middle-aged men. J
Physiol. 2016;594(23):7127-40.

41. CARTER L, QI N, CABO R, PEARSON K.
Maternal Exercise Improves Insulin Sensitivity in
Mature Rat Offspring. Med Sci Sports Exerc.
2013;45(5):40-832.

42. Depre C, Vanoverschelde JLJ, Taegtmeyer H.
Glucose for the heart. Circulation. 1999;99(4):578-88.

43. Nuutila P, Méki M, Laine H, Knuuti MJ,
Ruotsalainen U, Luotolahti M, et al. Insulin action on
heart and skeletal muscle glucose uptake in essential
hypertension. J Clin Investig. 1995;96(2):1003-9.

44, Xiao C, Kim H-S, Lahusen T, Wang R-H, Xu X,
Gavrilova O, et al. SIRT6 deficiency results in severe
hypoglycemia by enhancing both basal and insulin-
stimulated glucose uptake in mice. J Biol Chem.
2010;285(47):36776-84.

45. Li Z, Zhang X, Guo Z, Zhong Y, Wang P, Li J,
et al. SIRT6 suppresses NFATc4 expression and
activation in cardiomyocyte hypertrophy. Fron
pharmacol. 2019;9:1519.

46. Darby JR, McMillen IC, Morrison JL. Maternal
undernutrition in late gestation increases IGF2
signalling molecules and collagen deposition in the
right ventricle of the fetal sheep heart. J Physiol.
2018;596(12):2345-58.


https://rjms.iums.ac.ir/article-1-6818-fa.html
http://www.tcpdf.org

