WAV jlar — (obiys it poke
VY iop ) 6yleid N5 y90
QF /o) [ o0 1 il s gu b
AF /¥ [ YD : oy gyl

oS JUI 035 3l 0 YU o b (09l (2 o3 aiid jlor pl
o8 Lwo¥simd g SERCA2a (RYR2) (p3045L1, slaons 8

by s,

TOWs 0 30— T gmlyy yrole — TS lamlee - 5031 Lo jooro
S132] oz e SLTLIND (5 pyle SIS o )9 (5589 5 (550 (S9itld )
Ol I s LS (g ool § (ks oty SUSCNS SLiw] K'Y ] < jlan]
() [ ] oLl (s 19 pode 9 (bt ot o Sl yloliw] . F

oS>

g 53 Golem (nl sl (b B3l 50 e S e (Lol Jle 5l g Subs 2)lse (n Fmee I b Slgmaga S
peelS Slwgen @ela b Lis )5 150 swsie slageSsy Culld b gly cealiol wilas 5o s, (J9See
oS JUS 05 ol Y S b gliS (008 atie oz Sl gy adllae ool 5l Bum ol Jshoiysye
@ g5 5l pol gk e el S e, (b (leYsand s SERCAZa (RYR2) (ol sloos s
s e (HITT) Wi s b 155 5 S50 J 555 09,5 90 @ sl 315 5 0y 5 Y polate oy 5 o
by ooy Al n )3T 51 Gy el Y ot W cubis STZ Jolono Blasiygys oy Basb 5l og)5 99 0 &
Real s, jl oleYsind 5 SERCA2a « RYR20)5 ol ol oy sl 08 glidend oz by 5 s
ahn loz ols ()lis gls o eolitul /40 T o o Jiae t o503l 5055 50 duulie sl 3 Time-PCR
5ol Gl P=2 1Y (5 )llae v o 1, HIITog 5 l8 o Sl )0 RYRZ (5 (s ey (L (o5l (e
St 55 e il ] bl el (g loline sl e staliél sg2s b leYsind s SERCA2a o5 ol
o ankiisay (b o, B o RYR2 15 ol Gl b Wl e Yo S b sl oy po8 a2i oz 5,5
Slgran)lS san b Yaisl 5 05 s 5 252 1) oild LE1 852 50 e s 59 cnl o eadial

anly 1, ko

Souls’ sojly
PLB SERCA2a . RyR2 « s Slssesss,S

Email: Izadi.mreza@gmail.com ANV AR il e Biansgi



WAY leg ) 55Los Ve 595 ¢ b} yg (chmn ) pale Y

Aoddo
4 dly xenbyed perdlio S50 (Slsennd)l5 5 555y 595l pT Slillas mls el
oo 1 (B ol 5l oo g 575 e (Sl (Flsend)l5 (1) wile d9zear cubis
= sk dedly 55618 (gole e 138l gl (pl Ho (V) Conl ouls cdsline cobs ol g Sl
Hae Ll ;s czrge Cules )0 5 WS e sl Uhsy 4 Jeke Sye dxtes |) 8 lo
“oean Sl b le Sl po Aty ol Jlial 4 Sl Gl (Jsge mhaw )0 (1) 95800
=S 9,5 il 3 6K (D) Sl Jolocigy el Ssgon olais L Laie jo 150 susie sl
oeedS BaLSST G JUIS 5l it a5 Wedoe sael (RYR2) pogill, sbeoss S e
Friks polie 4 SIS () WS S edlsT il Ad slid 8 4 Wl Jsbocsys
S cemdS ATPase oy oy 5l 5 pendS 45> o (B dlac L_jqﬁj Sy s
ST el 3l ol Clate B Al Liel,T(8) 050 e &30 (SERCA22) codhsS Lo
Goglenz anlp )0 05 oo JuS meadS HLasil g5l 5 padS (5)5laen Abiwgas 45 w05 o0
V) 055 o ey sy oS s Ad (35,8 4 gt 5| |y prdS SERCA ompeandlS
s cJl o Lol S ool |y SERCA28 (g aly i e Clo 0o 5 oV sind (il
3 S A5 5 ed oo O, g el il ol Cge g aiS oSS SERCA2a o Sles 4
50 (i dw ol (coudaiiay) peedS @ sl slacJled PLB 5 SERCA2a « RyR2cecwlos
(V) ol (o8 LI 5 (B Alae Cae s 2l 5] (2550 Jgies (p0ge il

SlonSsn 5 05 ol 0o SRR pepdle 5ol ouds WISTZT ol 5l colys &5 placs, o
2 S b ol (slos S (65 ,hos sy 5 (Sl ol dlie elS 457 50 i
PLB  atile 008 palas slocratia 9 o) ol 5o 6 loline 2alS a8 ol aiil 2als (sl o)

(FF) cusl oais )55 NCX® SERCA2a RyR2

1. Ryanodine receptor calcium channel

2. Sarco/Endoplasmic reticulum calcium pump
3 . Streptozotocin

4 . Phospholamban

5 . Natrium/Calcium exchanger



Y d(RYR2) (393l gross o comaddS JUIS 5 ol 32 YU o b (29l (2 o 4ty 3T

Pilse joy 833 alS g (Slgresd)lS Sty 2alS slasyal) (n 5 She 5l (g e delip
£ b sl yo ad Selxil Sldlae (A) Cusl Cubis 51 (LOU sl yagS 0 g (Sgye -8
057 shelse p yed ladaly 15U o ytin wobs 8L (B OS] s el eols Las)
O Q) cwlas ) slas o pom g ()5 S

9 ol slos Shoe 5 (259 (S3lsp Sy dangs yo ! (HIIT) Vb 0o b oglis (05
Fisde g e hwgle Sul b (oegls Gl ped b amlie )3 (Bgse -8 Ol jlew 5 plle o3
9 bwgte U 0l Dol (nped (S 890d b dnslie 13 (pyeS £98 Crl rizmen (P ) Y) S
05 S U5 (B ilug )0 15155 s slaalng ;o ol (et ud et (YL x> L
039 S3o (ol phlew sl Jelse g Grizmen 5 Cubs )len oo (b B)lse 5l LS s
1, ol dlae 5 Slee O3 e b, Sgsle (V2 2) oLiKes 5 " odginl ologs (¥ OY) el
@bl (s slagise po aie VW e a1y Jlg il ilee (suyed Ay S G 5 (o
Lo Sty 5 b olyer oxbo jod SLOLEl (1 po8 pliie Lol S wid S as sl oS
bwgi onee jsbay (SLEl 0508 5 WS oo e 1) (8 Al ST SS9 S0 G 3l )
b amlie JB gob & PKA & aily oz ogmdlypind 5 alsogells (gmadlyjsind
Al b 55 (VoY) l5es 5 Tolidlaail (1Y) sesjin o8 (2 S5 055 pllo slagsigs
€9 95 2 3 Blr (ubd Glagtse ;0 wud Jlew 5 bawgie Glaad b (ool (s i VU
2wz ol Sl g o Sles Gad (b g Sl GralS vald bawgio g ad (LS (9l G ye
) Wog b yhge o)

e Gt peedS 5 Waboe Fples meedS Joo & Cus Salis S5 RYR2 (slaows 5
@b o0 S ) S St cnl (o859 28 Aelp el Gl 000 LaJUIST it Jled 2
Sy &gt sl paile Jlabod b S codlad 4 RYR2 sl (ol 5 slapsila 1594l
@954 e (Bbo sl b5y Sl el aike BT leky slaygile (A) conl oid py

dlac Lg)L?)Lw aS Sl oo ;.Al.u‘ @Pm pJL.u ;.AU};.} SIS U')‘ ﬁdj)‘lﬁ ! o0is r:slbo

1 . High intensity interval training
2 . Tomas O. Stelen

3 . Protein Kinase A

4. AnneD.Hafsta



WAY log o) 5ylous o) 590« b yg imn ) pole ¥

Dol g gley Cae 4 ael> Sllllas Lol oyl Sws gyl dobpy Cod 4 (Olg ed 4 8
) b i o Slae 50 5L5 0590 gllae BT @ o sl 1) o 51 (80 (oosdats BT 5 iy ye5
(2o9b]y Grows 18 cowndS Sl JUIT S5 by addllas () 50 . (VF) cl 0aiSTy g o5 wulojls
SIS o ped slazan ¥ 8,00 O LT Al 4 mwl o leYsiud g SERCA2a oS oy
Qb Sie wloads Mie Cubs 4 a5 Sl jo bipiisn ol 55 ole o Wiy e YU uil

A gy

Y

339 llad g bazmo b Slilgn> (oL

09 pole 9 (G Cony saSails bl oaglesl 4 JU Gy o) (iagn cnl 5
Bl b b, gilalidl wind (5 Lame b oS5k sl atin Sy Ste 4 ol oSl
onl @ s 3 plonil athn G p0 (el dud i b cobs !l e b ol b ool i 03
ey bg a3 S 15 85 Jle 69, Gielyl g cds Cales b e coped Sl 5, 50 48 S8
bk ojse gl oayed Asli b bl lp g wio)S (ayed @ oyt CSIsS 5 o5 S
iy Al g oS Sole oypped £ 4 i, b eoliil gl o pe8 5l a8 slaiae
ey Obl &g od 550 atin oz Dae ol G e (LS l ae dide gl L

Cobys Sl 392 g Lo Sogasl

Oygods o) (28,5 el YFOZN « 55 (p:Sloo b Jliang OI5 5 ) 5o VY (g5, aslllae
o o B e it wads (HIIT) Vb S b sl (C) S s B 1Y 09,5 30 4 ok
3 5995 &0ty 5 (PHIFID) Sl 3L 50 Jolone (STZ) Crmgigyom sl O 039 5l 5 0kS
09> 333 0l STZ 3,5 51 s 595 slez sl sbml ol sl a2 3oy b, & Slaw J5s
Olsedr e 2 p S Sheo¥r 39S w5 S o3Il (Rl CSle) Sumjho fasS IS Alsa
Al a3 b s ol b asls

ot ed Aol

23k (O)J ;S 1 ol VY 05,5 g0 a4 Bolal &jgots e, wobs Wl 51y aie g0

Slsisa s Jlz) was Ll s ,F s b e, gl ek 5o i e (HIIT) YU ously



0w d(RYR2) (33935 oo F commndS JUIS (35 it 2 YU oo b 29l (9 poi i Jlor il

W05 S g alled el s 5 S 05,5 (slas, (s Sl o JSSs 0 gkl
by Lo,y 05 10,5 Jls 59, 2 o> (o559 Colled aiBs VF oLl HIIT 095 o1 o5 40l
L (VO2max ows)s F-UY. Sad L) 9,5 p,5 4i8od 10355 £9,0 7,0 cuas |) 995 oo el
o YY U VA Ceps LVO2max 73 B AD Sals b azBo V) oluf ads b s Ve UA ey
G Y Sad b 0,5 oy 4adod (VO2max sws,of¥d U ¥e ool b cdbjl aads) 4 aads
POl 08 4 bae JSGen HIT 04,5 aids ;5 e Ve B Al pu LVO2max oo jof
() Sols plosl atan o Sow 4 aan
CDNA jiew g <l 31 RNA z! ypuu!
5 (Vmg/kg) (eliS Blaoygpe 325 gty O (G ped dudzr (05T 5l gy el YE
A s g 5 il dlolidl L C ol Sl s 00 hgais ()¢ mkg) ks
Real time — PCR ) 51 (35 Ol Gromi sy 08 (60055 oo elodisan o sl 5 oo
Shg0ds o5 ol Ole oliee g ol eolaiul S o5 olsieas GAPDH ) g Premix Ex Taq 1T L
&y oo oo e 5 35 ] o ks RNA Izl olice iy 5 (g Soshal o5 0 b olalys
Wgad 0 BLoI DNA 0429 &jgo 10 g, ol jo .0 Lo,y DNasel L [DNase I treatment U
RNase & DNase ,J 9,5 ¥+ LSERCA2a 5 RyR2 (sly oulsjiiw cDNA 558 o0 B3> DNA
Gadgs Master Mix g S VIO of jonras lod; 51 SO jo 5l s S VD L0l 3.8, -free water
4o backward ,ooly 5l ide S SO g Forward e pasl 5l g Sie G g (S, Lesls) ampliqon
Fds,SaV O ol e 4 o, sl (Nuclease —free Water) jLlSs a8l T oty S jlo>
ol o 285 el (CShl) (obgs IS8 a4 b iaSly ple wd Lol 5 Jo 9P
o Fr (b 2S5 la STy 9 0l ooly 18 oliws 13 355 (pgate e )0 bagsids S
bug bely ;85 5 o lalisl goe ol o 28,8 plil coSaaiile Josdljgiws ulul
e STy Jpame (99 (eolaisl I Gliebl sl o oy g 3BT o 50 05250 3310 3
DSy 5 b5 0590 sy le Olyesd gy jelaieds 0D e, 53 Melting Curve g3 (glos
Sz g od oolaiwl GAPDH (5 5l (A3l J S (glp .2d )8 plol 00 S8 i 5 4y qRT-PCR
S 5hg ol ools Jl wsys 93 J5 59, 2 903 4 bgrye GAPDH (2Sly Jpaze (&5 J5uS

b oy p Jyaze 095 b 292



WAY L o) 6lous Ve 590 o} yg simn ; poke 5

Solol Jukigey o5
fold change jyolis 5 ad oolil ¥ ! Jgo 3 51 i 0,50 (3] (35 ol ol 3losaS Sl
ly G b aseiie 5 05l Shigg s ge3T 5l ealitnl L lag 58 og (om0 dslone
Jictes t opgn3 51 ooliad b oo, 8 dlie 55 olo 5 Lo, sbamsiin (Sl b (s
P<- /-0 s lolins s ;5 (O &s) Graph Pad jljile s b o Jalow fad b duglis 05,5 30 59
8505 SPSS g ,Lel 3l 51 oslizl b G /+ B Bv /o) (25,5 S 1o b diged a5l

™)
V ez 50 0sF 03 S9ee SIS g gy mite 93 Jeld 095 90 Sla; (egee sladasiis
ol 5o ol ooyl (bl 1 055 SS9 sl (ayed aRoee Olid AT el VL 03,5 (5 5e
05,5 o b dlas o .l il 7S 0g)S 4 Con HIIT 055 50 bass) (555 (52Slee anlllas
4 Camd pl VNVF o VIVY /AP 554y PLB 4 SERCA2a RyR2 1o 5 ola oljue 00,5 1 a3
HIITog 5 5o 05 ol 0eSlee )3 sl Glie (YUY (slaJSt) b (al33 0 ole b gl
59 lolias PLB 5 SERCA2a ;5 50 ol (Jg « P=+/+ Y jlolas RYyR2 ;o a8 09,5 4y cod

(P=-NA g P=-"¥ .5 ja)

Loy 9% 35el5 g (339 (o9 Glasdin ) Jouor
J).’»'.;Ses; H“Tos)f lk).».'.m
YYAN) £1VV/A YVEIE £ V510 )05

SALESRIN 0 YIAEVY/E (05 o)™ 5S35




Vo dRYR2) (3393b) 5 o mf commndS JUIS (35 bt 2 YU oo b 29l (9 poi i jlor il

mRNA RyR2/GAPDH ratio
fold change
N

~
<°
&
<

&

GAPDHa4 RYR2 555 ¢yl s .Y S50
P <e/ed s olis glaws o JymS 09,5 b ol oslis &ilesse

o SERCA2a
e 1.5-
c
I
g
g 1.0- ——
®
>
O 5
X < 0.5-
Lu (%)
n I
o
3
% 0.0 ; .
&

GAPDH4 SERCA2a 55 ¢ybe oo ¥ S



WAY Hloa o) 5 ko Vo 5,93 (i) yg (it ; pole A

Total PLB
Rl
E 18000~
e e
o
<
o 12000- I
(aa]
—
oo
T 6000-
2
=T
&
E 0 I\ I&
Q N
c:°¢6 ®

GAPDH& PLB 55 ¢yl s Y JSCi

S 5 4 g Sy
oS JUS 55 ol 2 s (S gl nped atin Sz 5l ) p adllae ol I Ge
5 RyR2 o 5 olu 0 ubs oo, d8 PLB g SERCA2a (RyR2) (pogill, sleoss S
o 28l Gial3dl 05 ol Bl gl 4 Cam iy VAV 5 VY- YA (o5 iy PLB 4 SERCA2a
o e P=+/+Y loloe RYR2 jo ]S 04,5 4 o HIITog,S j0 o5 ol 5ulkes ;o Dglis

(P=+/\2 gP=+/\¥) 345 ,lolixo PLB 5 SERCA2a ,o 50
helos ()2 4 (Sl Dldllas ainlen (B dlae 6 pd SLAT B LY 5 g4 slacabs
29 Sellsd alse Gl Cn e S (S wlaiS o 0ed oo (Al (nl St 5 AL e oS
o3 Ay 3l ALl L S e |y il ol 51 86 pdgolal sladul b wlgige o5 Col
550 o) Sgjl el oad 4t pdy oo 5l (86 B dlae 2LE| palS 3b L suS
Wdpdy cobs loys (sly (b, Olyieds &5 AL (o0 Slml ) (ol ()l (o ped Ay 50 5 50
Oled (nl &5 Wadoo wad Jyieew )% )2 ploy Hgpe 4 Subd 4 M Glhlewy 98 o

50 45 (edaxie gy g s o, Sles 5 by o Dlps Jdoay 5 el s0bs Slgego,lS



T dRYR2) (3351 (soos puF (comuds’ JUI (35 olat 2 YU o b (95 o o5 4 oz T

Sl asdllas cpl o (Y ND) widl po Bl (il e Jokuyge pedS jliwgen Las L i
YL s b sl o ped a5 09 ool plad [ sl 6l B el oals solainl aslais 0 S,
9 IRWAPLY )ij)L.u g.i: QJ.AMSAJ ‘) RyR2 wL.Al) w.,.]a..u wloass &l wl)o O )L.A.A as S:L{bu)
g RyR2 5 lo salS Sl oy yed g9 ol aidu oo Sguge «uwl 0ols )13 Baa |, o el Sow
0ualS b ojlu oo g w0ad oo BB Lo Sligmegs, S 5l as k! ,5% 9 SERCA2a
Y5SL.L g (V1Y) o), 4 \(‘,JLw S i g% ;0 0,18 8529 Landil g b ull alw) (pl ;o @0 e
I, SERCA2a 3 RYR2 (5 5 (isn ol 0liee 2 obipg Sliaped Slpdl a8 (Y- 09) o 5o
[ RYR2 alyyand o3 50 By (g jiies GRali¥l 5 05 99 0l 53y o8 ol iy cilonzin
ol 0341 (3530 DAl b eglas £95 51 rmgh 90 1o L ped Al y ailes ST 3 15S

5 )3 1, SERCA28 corndS cany o,Shos wilgi oo (PLB) LY sind 5 RyR2 |5 &l s
Ol gdios e pendlS Slooy 9 Al 330 Glime g pandS (IS S 4 &5 0 pelars
e aS ol ol mls .(VF) 098 o o SERCA2a 4 PLB by oot 35,k 51 A8 dlac
Ol oatd Hlolixs b ogs a5 s jla (29l (2 ped alan [l o 0 PLB iy Al yaud 8
o2l o I, PLB g SERCA2a 5 ojls gdaw ouid lolise (ylogv co atdl .cowl KialoaSERCA2a
izt ol moldl ey ow cpl az o aST > wls Cad glaan o> o el dalip 4 iogh
el 3Laol5T 5o Slosam e Culis 950 5l Gyl Gl Ges 0l 05 Ol ok 99500
Sloren e gl Lareis e Ll ienl ou 035 Cond RYR2 conlatiy 4 Losiitons Jgiwlys
as wiles,S bl Sladlas (1Y) conl odile (3L chns (cowdusS Lo &Ll 5l pundS (g5Lwsly]
5 0o (V) DA A o)ls (S (B39 Oliee b Dad 4y (Bgje - (B w25 SlRSE
09 Culled ulf_;b oS alice Sldlas b annlie o asllas ol jo aid, ISay L85, codled Sos
Su)aa :\ALJ)A g_i: u)jd.: g ujLﬂJ U"‘ 9 o &_ajLﬂ:\A ilools uL.M.) l) subé @l;g.uo}n))w »
@L’JUG.Q o Qj.erwo U" 6‘W)LQ> UL") 9 l!b;_A) VO2max uul.w‘/.) YL) IR W Ll U’JBL.J &MJ.JJ.&J

S a8 Jl o (3) wlesls s |y M8 dlae 55418 giliugen 1y b)) culled aide ol 5T

1. Salem
2 . Chung Hong Shao



WAV leg ) 55Lod Ve 595 ¢ b} yg (chmn ) pake e

Olply el oaiid ools udgi alBdS 0 aS o)l 13 glosgaze o axlllas cpl jo oBj,e oled
S o5 Ll (sloo,s 5 VL it Sl 5 () el BsS Soe o 85 58 ole
aly 0% S Ol b Sal b ool (el alie oz el 00,5 Wl s cpl o I, Ll
il |y als (pl lgi oo aS ol ools ol S 09,8 4 Cawad HIIT 09,5 [0 o5 lode
pas ar ) 0% SIS S8l b Ol 5 subs Ohlew )0 9 polie el o (el eges
S o o5 Sldlas aST> ol cand Ju el aly slzl loy Gae o o, Sl o yd gl
U5 5 35S S i Sl & lon S Ll | gt o U gt ped el ol
Slgagd)l5 alaz 5 b 5l 86 (2)lse dpty 3l pE SIS amy LB il a0 ]
09,5 s, 10 (55 slelae e g Sl uul3dl 5l 5 sleesls e (B) wilos S ledl b
ol 5 Al Guss 4 Glsioe |y Gl Gal wed e 53 J5uS 09,5 & S HIIT (58
s e Gl pas 4 Olgiee ol SR slacadgaze 108 a1 5 Ol e,

s o)Ll ba oy als and sl 8 s pas 55 g

S 5 A%
MRNA #olaw ain Jlz Do jo Yb Sad b (ol o yod a5 ol J IS S eba mlbs
iien onl 60, 8esas b o B8 &g, oS sl o Sl a5 ses e il38l 1 RyR2 55g 5
5 ol Glaiagy ,o j ol Lieeh b Laiigs mls ool ookl 56 a4 b ail als
5 05 90 Ol )0 e pas i ey &S (V0 09) )Ses 5 gl Sl 5 (V4IY) () S
Olgise ) e S col sgptis eilos,S 3158 | RYR2 alyjad o3 10 o (g it gl
oSS sl ytaghy plal b sle cans seglas Dl el 4y Connd HIIT 5 505 4ol olg> g 95 4
Ol s ol lomw g o dlae poldS Sligen g Lis o S0 Glapniiyn 9y90 50
Ol S sl b 6 oKty ;0 HIT Sl yo3 sl 8,b,0 6 i conkd b oles oo bogruiio

2,5 kbl cls 5 (L6 (Byyem B Bl a4 subs e



W dRYR2) (935 gboows oS comndS JUI (35 bt 2 YU oo b 29l (3 poi i jlor il

REY P 9 el&o

1. Bidasee KR, Nallani K, Yu Y, Cocklin RR, Zhang Y, Wang M, et al. Chronic diabetes

increases advanced glycation end products on cardiac ryanodine receptors/calcium-release
channels. Diabetes. 2003;52(7):1825-36.

2. Dincer UD. Cardiac ryanodine receptor in metabolic syndrome: is JTV519 (K201) future

therapy? Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy. 2012;5:89.

3. Duan J, Zhang H-Y, Adkins SD, Ren BH, Norby FL, Zhang X, et al. Impaired cardiac
function and IGF-I response in myocytes from calmodulin-diabetic mice: role of Akt and
RhoA. American Journal of Physiology-Endocrinology And Metabolism.
2003;284(2):E366-E76.

4. Shao C-H, Wehrens XH, Wyatt TA, Parbhu S, Rozanski GJ, Patel KP, et al. Exercise
training during diabetes attenuates cardiac ryanodine receptor dysregulation. Journal of
applied physiology. 2009;106(4):1280-92.

5. Pereira L, Matthes J, Schuster I, Valdivia HH, Herzig S, Richard S, et al. Mechanisms of
[Ca2+] i transient decrease in cardiomyopathy of db/db type 2 diabetic mice. Diabetes.
2006;55(3):608-15.

6. Wisleff U, Steylen A, Loennechen JP, Bruvold M, Rognmo @, Haram PM, et al. Superior
cardiovascular effect of aerobic interval training versus moderate continuous training in
heart failure patients: a randomized study. Circulation. 2007;115(24):3086-94.

7. Meyer P, Normandin E, Gayda M, Billon G, Guiraud T, Bosquet L, et al. High-intensity
interval exercise in chronic heart failure: protocol optimization. Journal of cardiac failure.

2012;18(2):126-33.

8. Lahaye SLD ,Rebillard A, Zguira MS, Malardé L, Saiag B, Gratas-Delamarche A, et al.

Effects of exercise training combined with insulin treatment on cardiac NOS1 signaling
pathways in type 1 diabetic rats. Molecular and cellular biochemistry. 2011;347(1-2):53-

62.

9. Howarth FC, Almugaddum F, Qureshi M, Ljubisavijevic M. Effects of varying intensity
exercise on shortening and intracellular calcium in ventricular myocytes from
streptozotocin  (STZ)-induced diabetic rats. Molecular and cellular biochemistry.
2008;317(1-2) :161.

10. 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. Cardiovascular research. 2008;81.723-
32:(4).



WAY log o) 5ylous o) 595« b yg simn ) pake W

11.

12.

13.

14.

17.

18.

Guimaraes GV, Ciolac EG, Carvalho VO, D'Avila VM, Bortolotto LA, Bocchi EA.
Effects of continuous vs. interval exercise training on blood pressure and arterial stiffness
in treated hypertension. Hypertension Research. 2010;33(6):627.

Stelen TO, Hoydal MA, Kemi OJ, Catalucci D, Ceci M, Aasum E, et al. Interval training
normalizes cardiomyocyte function, diastolic Ca2+ control, and SR Ca2+ release
synchronicity in a mouse model of diabetic cardiomyopathy. Circulation research.
2009;105; (527-636).

Hafstad AD, Lund J, Hadler-Olsen E, Hoper AC, Larsen TS, Aasum E. High-and
moderate-intensity training normalizes ventricular function and mechanoenergetics in
mice with diet-induced obesity. Diabetes. 2013;62(7):2287-94.

Amatyakul S, Chakraphan D, Chotipaibulpan S, Patumraj S. Role of exercise training on
pulpal blood flow in diabetic rats. Clinical hemorheology and microcirculation.
2006;34(1-2):295-301.

. Sheikh AQ, Hurley JR, Huang W, Taghian T, Kogan A, Cho H, et al. Diabetes alters

intracellular calcium transients in cardiac endothelial cells. PloS one. 2012;7(5):¢36840.

. Wang M, Zhang W-b, Zhu J-h, Fu G-s, Zhou B-q. Breviscapine ameliorates cardiac

dysfunction and regulates the myocardial Ca 2+-cycling proteins in streptozotocin-
induced diabetic rats. Acta diabetologica. 2010;47(1):209-18.

Rodrigues B, Cam MC, McNeill JH. Myocardial substrate metabolism: implications for
diabetic cardiomyopathy. Journal of molecular and cellular cardiology. 1995;27(1):169-
79.

Loganathan R, Bilgen M, Al-Hafez B, Zhero SV, Alenezy MD, Smirnova IV. Exercise
training improves cardiac performance in diabetes: in vivo demonstration with
quantitative cine-MRI analyses. Journal of Applied Physiology. 2007;102(2):665-72.

. Harthmann AD, De Angelis K, Costa LP, Senador D, Schaan BD, Krieger EM, et al.

Exercise training improves arterial baro-and chemoreflex in control and diabetic rats.
Autonomic Neuroscience: Basic and Clinical. 2007;133(2):115-20.



W dRYR2) (935 gbowi S comndS JUI (35 ol 2 YU 0ol b 029l (9 poi i jlor il

The Effect of 4 Weeks of High Intensity Interval
Training on Gene Expression of Calcium Channels of
Ryanodine Receptors (RyR2), SERCA2a and
Phospholamban in Heart of Diabetic Male Rats

Mohammad Reza Izadj™" - Abbas Ali Gaeini® - Ali Asghar
Ravasi® - Maryam Delfan

1. Ph.D. Student of Exercise Physiology, Faculty of Sport Sciences,

Shahid Chamran University of Ahvaz, Ahvaz, Iran 2, 3. Professor,
Faculty of Physical Education and Sport Sciences, University of Tehran,
Tehran, Iran 4. Assistant Professor, Faculty of Physical Education and

Sport Sciences, Alzahra University, Tehran, Iran
(Resevied:2015/3/25;Accept:2015/5/15)

Diabetic cardiomyopathy (DCM) is one of the most important complications
of diabetes and is one of the major causes of death in diabetic patients. DCM
at the molecular level is rooted in down regulation of expression or activity
of those wvarious proteins involved in maintenance or regulation of
intracellular calcium homeostasis. The aim of this study was to investigate
the effect of 4 weeks of high intensity interval training (HIIT) on gene
expression of calcium channel of ryanodine receptors (RyR2), SERCA2a
and phospholamban (PLB) in the heart of diabetic male rats. In this
experimental study, 24 male Wistar rats were divided into two groups:
sedentary control and HIIT. Diabetes was induced in both groups by
intraperitoneal injection of Streptozotocin (STZ) solution. 24 hours after the
last training session, the rats were euthanized and their left ventricle was
extracted. Real Time-PCR technique was used to determine the gene
expression of RyR2, SERCA2a and PLB. To compare the two groups,
independent t test was used at alpha level of 0.05. The results revealed that 4
weeks of HIIT significantly increased gene expression of RyR2 in the left
ventricle of the heart of HIIT group (P=0.03). Although gene expression of
SERCA2a and phospholamban increased, they were not significantly
different. Based on these findings, it can be concluded that 4 weeks of HIIT
could prevent and minimize the maladjustments in these 2 proteins affecting
cycle of cardiac contraction and reduce the risk of diabetic cardiomyopathy
through increased RyR2 gene expression in the heart of diabetic rats.
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