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Introduction: Exercise and antioxidants consumption are known as
protective effect against the risk of diabetes. Therefore, the current study
aimed to investigate the effects of eight weeks of high-intensity interval
training (HIIT) and thyme honey on the expression of Nkx2.5 and Thx5
genes in the heart tissue of male type 2 diabetic rats.

Material & Methods: This experimental study was performed on 36 male
diabetic rats which were randomly divided into four groups of control
(n=8), HIIT (n=10), thyme honey (n=8), and HIIT+thyme honey (n=10).
The HIIT training intervention was conducted in eight weeks (five sessions
per week) and included 2 to 8 intervals with 2 min running at 80%-90%
VO2max and 1 min at 50%-56% VO2max. Additionally, the supplement
groups consumed 3 g/kg of thyme honey, 5 days/week. Both Nkx2.5 and
Thx5 gene expression in heart tissue were measured using real-time RT-
PCR. To evaluate the differences among the groups, ANOVA and LSD
post hoc tests were used at the significance level of P<0.05.

(Ethic code: IR.SSRC.REC.1399.080)

Findings: The results revealed that the expression of the Nkx2.5 gene was
significantly increased only in the HIIT group, compared to the control
group (P=0.03); however, it was not observed in other intervention
groups (P>0.05). The expression of the Tbx5 gene was significantly
increased in both HIT (P=0.02) and HIIT+thyme honey (P=0.02)
groups, compared to the control group.

Discussion & Conclusion: The HIIT is associated with increased
expression of the Nkx2.5 and Thx5 genes in the heart tissue of diabetic
rats; however, it can not be said exactly that thyme honey has similar
effects in diabetic rats.

Keywords: Antioxidant, Diabetes, High-intensity interval training, Honey

» How to cite this paper

Kousha M, Abednatanzi H, Gholami M, Ghazalian F. Effects of Eight Weeks of High-Intensity Interval Training on
the Expression of the Nkx2.5 and Thx5 Genes in the Heart Tissue of Type 2 Male Diabetic Rats. Journal of Ilam
University of Medical Sciences. 2022;30(2): 71-81.

@ (#) &) | © The Author(s)

NC

Publisher: Ilam University of Medical Sciences

Journal of llam University of Medical Sciences: Volume 30, Issue 2, 2022


https://orcid.org/0000-0001-9772-9372
https://orcid.org/0000-0001-6638-1131
https://orcid.org/0000-0001-8960-4123
https://sjimu.medilam.ac.ir/search.php?slc_lang=en&sid=1&auth=Ghazalian
https://orcid.org/0000-0002-7315-1382

o001 (ot i (6 9k Ol kg

VOFY-FYYA P-ISSN
YOAA-Y\YO E-ISSN

JIUMS

SO ) odd C8L Thx5 g Nkx2.5 gy s e 3 W (9l o9 yod aiady A ,UT

VépHbe S

oldle ol yd T ooe Llailo o ) g pdas aule s ¢ "LingS dg g

11 608 ¢ oDl 13T o815 (i 5 e oy ¢ B35 5k 3 Sk St e 03 8

\

oduS

Alio wledb

ok ¢l ply i pd oo atlid Cubs Sl ol 53 liblows 31 Ol s OISl 5T Co e 5 5ol Culle idodAio
<L TOX5 s NKX2.5 sloiss 0l 5 ot sT s s HHT) s Sols o el atin A SBT ) bl tas3
Sl 9 &S SRl p s, B

IS 03 8 Sl 4 olad Hsba b, (035 Shpe s Oy ¥ sy o s ol i (9 8 Slge
Wd o G V) 5T s e 5 (25 0 0T e A) o T Juus V) (gl e (e A) (2
s VOYMAX awoys &0 G A i b glaidsgs sl A B Y ol HIT win cin &) pmn 0500 dslte
2R Yol pesdle 43S 1t i s andkr 0 ke 4 VOYMAX o3 05 500 Do b gladids & ol 2l
real- L.y THXS 5 NKX2.5 (ladj ol ks O jme JoSo slaos 8 5 i 53 555 0 cotsT fus p SokS
o 5> LSD s 05057 s ANOVA Sl claes S 0o S35 ooy 2 1 43 5 (5,8 0510 RT-PCR time
A8 03tz P>0.05 (g 1s sxe

AP IS 65 8 4 cos (P=0.03) HINT o5 8 55 s (NKX2.5 05 0y o das o 0L mls tladdl
35 3 5 5L TOXS 05 ol (P20.05) 55 g5 51,50 dtlte slaes S ol 53 4l ol Lol 63,15 (g lskne
b e SRl g lskan sba (] 58 05 8 & o (P=0.02) 25T JuussHIT 5 P=0.02) HIIT o5 &

ol LU sl slae, 5 il s ThXS s NKX2.5 sleoj ol Jalpl U HIT 16 pfamis 9 S

AL ails b clacs) 53 plie S kT s i€ Ol i 535 b 4 & S

s Tl (s (35 o 503 OISI ST ST (SBoSlg

gy i g4

VEe 8 nedl yd g gb
VEe YA Ll 99 Rl
VPN Sy b

VEV Y R g 56

1 s Skt
SHE Lo e
poe 5 G S s 05 8
Slides 5 psle Sty (2505
Ol 01, ¢ oDl 15T oKl

Email:
abednazari@gmail.com

5 3L THXS 5 NKX2.5 (slais ol 1 ks osls o 5 4z A BT 5L 3 cOUIE (U1 ¢ oD ¢ mm 6 575 ile tay g cLs oS t0linl <

VA-AY NP0 F e 5 o3l (S ke oKl pale e Y g5 b3 5 sla,

OO

BY__NC Sy © Wies> N Sy pele olKails 1 pab

\Al

51y 4l

0

S pede

o/ el


https://orcid.org/0000-0001-9772-9372
https://orcid.org/0000-0001-9772-9372
https://orcid.org/0000-0001-6638-1131
https://orcid.org/0000-0001-6638-1131
https://orcid.org/0000-0001-8960-4123
https://orcid.org/0000-0001-8960-4123
https://orcid.org/0000-0002-7315-1382
https://orcid.org/0000-0002-7315-1382

\Al

s Ay LS

Ob— = L oL el

bt Jus SIST 5T b a8 sl Lol
G5 o OplanSIgl 28Ty 5l &S Ny e
ST sty sy SaSHlee S S o
ST ST Gl e ol i (V) s
alies Gl s b5 sl ARE /Keap/Nrf2
53 (A dzen (a5l 3 Sabs 53 S s (S0
@3l Gladshe G5 b oS edd oSl e e
b OleST ST O ae g Olyy o
Gk N ST BT s IS g5l Js 51555,
(Ref-1 s Nrf2 ol isl530 s Nrf2 gl (g3l
ek 55 Apel/Ref-1 sls xui53l glgl b Ol 4
Gl 51 WOTDNA Jlasl 5 Jled 1) s 555, Jole
oS 335 Lz LS g Jiged e 3Ll (sl
Oile oliy Ell Lol eddsbwl Joe s
Sl s B e o555 2SS (ol lad s
() 358 0 55 Shos

4 sl oS GV Sl SIS ST ol
OT Olsl b e 5 ol oty Ll 6l oy L1
sl 51 (K00 e S Spae JB
Jes 51 o3lizal T b S50 Oy o3l ol 5 eae
sl e Sl sD6 51 Js S5, Ll o T
Lol PPARY 5ludled b Js S5, 0550 slediay
(COX-2) Y—53UseS 1m0y 255
U937  sladshe 5o Lolladed 51 8L
5k e e Ol 457550 0 Gl 5By STLeas
AN Sl Cabs saiS baw 5 S Sl ses
Gledle L oosilly Hba s b B L
Sl S ple Gl sl 55 laosS s
Smasen 5 gl plilesles i) d e
SIS ol b a5 e e slais e 51 S8
N azS e 6,8 o Sl
JSa ey Sl remes (S35 Sl

Db o e ‘.;-15 Loy 4 dods LSL“C-‘-:‘"‘}':‘}'P’)‘S

4odR0

5 s o Pl Lo 4 &8 Sl sl sl ol
23 Iy i ol Sl o pudl 5 SO
e bded 5 b bOhday S e sl
E o ol e 5o 5 laisle (1) 25 e
S gl Olidss des (V) Sl 2bs Olyles )3
YN 1 Jas colat ] by s g,
2> oS Wlos S S 1 S ol 5 S ,em 8
() ol ST b gaa 3,18 gl 53 Sl 0T
b (S o e S b il szl 4338 s
1) tnd S Sl 4 3B 5 Sl Slesl ples
el el ssms byl (6,255 a0 (sladyho
sl e 53 BB Mae lad ke Llesls oL
o5 G ) sk LSS Wilg e B Lol
3 Dbl B8 dlae 4 (CSCs) b5 (gsley sladsho
358 5 a1y 855,53k Mg S SOl
sl s 5 Joys dF) ol 035 g 1y gl
23 dde v s 51 (STl sl 57 sl O
Slls 558 o 5 T Sl e by Jib
4 Wiy e bd ol ey e ol Sul
63l slad she (0) LS 1y 5l Ld e aw s
S 93 5 Lph o e HLalA) 4l s DLl B8
Oly syt -(P) Al oo 2les Wl 50 52,5 4 Ji45
SB g 33 Al (Sl o ) Sl Jale 5
b Shsen g L ONKX2 55l Coanl 5
g2 2led SOk 5 B ol 0 oS
Gl 53 sy 53 Jole &S TOXE. ol
Liy S Lol jon 5yl byl b s, L oS
Oezeen g B p 5 Ay 53 Thx5 ( g6 4 6[.&(‘.,\5‘
ol o Kinlon 1 b Slolsl 8 S SI Sl
(0) &S o 53 1 soge LB

STy 4w Ssal s Sl ST ol
S 2,l8 Sk 5 sl 53 (53,0 (S5 s5S
S 553 el S5 5 SN s oL



s esls JUisl Ol 5 ple 53T oKils (515
Sos ke 5 5ay PO L YD s fuls L o,
b okal ain g3 1 e b, Lisy r,f IRERE
Y Y Sl 055 4 Oy 5 o lejT L
3oy 8515 (HFD) Gz ) S 8
bug oldag oz mh L oads wa ¥
4oy FO Jols oS 0L, sl uSiin s
ol Y e Aoy P Oz ﬁj))auw‘g.u
03 8 F 4ol 5 olde slge 4 55T w zws 5 (Y4)
o G V0 o5l G sed e A (bs d S
G V) T s 5 o3l o a3 (o A) 5T
Sl Sy i ) sl 5o ae ..u.u_;,fm@
Cosby s YF LY CO los 53 IS 51 bl L olads
Sblg Il 55 5 doys FO L OO spd> s
230 3 als I (sl s 6, (A L5T
515 G5 g s i Y Dl 4 0 2R
3 STZ | sddags o5U Jgls (YOMQ/KG) Slaw
e ais s 8 sl (S5dp i o
S sy 3 55 Sg S ol sbul LGy
5 38 I3 S s oy p 05 o
S 310l 7S I8 o8> baw g 3L O S U
Sobas Olgea Fro U VO mo/dl o O A5 S
o $ b s Cubs 4 e, Ol olbl gl
Joes 05,5 Gy 4 (bl by (b (TF-YY)
Jos sl n et = s Jes 058 5 hsT
o ke OT 3 el YOkg S5 b T
AYF) Wi okl g 5158
G i S Gl gl o peS Jeall) s
ol ey RIPI L A s e & osls
doys O LAY aids 5 2 ¥ IV Sl s
03 XYY UV o b Cal il Ol 5 (VO2max
@S YF JINVE ol ((VO2max L ,s 07 b 0+) 4ids
W3S Sose Jes Sa Ohss Dses

YF @ Jsl daa js a2ds V8 1 Oes Ol S g sba

Ol L oawlie 5y Lud sl s (VY AY)
(s oy ol siBl L b
25 B SN sl s SHeSI ST
Sl (65 J 50 3 mly Cubs 1 G50 o)l ials
e A e Ol dalgd copl wlel 5 L(VF)
0> She b ol slad s (3ledld b 5555
s Al LY Y A0) Sl ol e L5 3L
IGF-1-PI3K— lujely s 3ledl ol
Glaii b 55 a8 yeme Ol Sl 4 AKT/PKB
4 CSCs pla 5 &5 cgslwdla s odbasslis
4 gazen G 31 L(VF) 355 0 e W ge g3,
Aulp 5 Nkx2.5 5 ThxS laoi iy &5
SNV TP ST PR e P
@€ T el (W) S e Wl (o5 Katr
Sk 5L 5 26 b ey 05 o
oS el 03 ey SIS A Sl Gl e 1) (S
03,55 alllan s Jus Copme 5 s ool
St bl s Lol sl
3 8es s 5 B S bl (5 S50 5 5
Tbx5 s NKx2.5 sl Ol ¢S5 o Jlax| 5 b
A o el Jus 5 sl o ses S o
3 sl Jes O pan il o5l o T &S 3 S
Ll Oly 2131 3 Ll o dllle 53 (pl oS 5
R & by 5 sl s Tbx5 3 Nkx2.5
LT s ol G I Oda (oplplo sdil
Ok 2 sl e s LS (ol 08 s s

Y s b sl Tbx5 s Nkx2.5 slay;

b w9y 90190
S plp P bl g e e ol oo
bl b L1 I slocaly el 5 OA) mbes
¥ sl (1) Seds b coley 5 a&KaLT
el Gses Olgsa Ol ks SlE 5O,

a@\.&jT &b—db::— LR 6)\-\..”5- QLLJJ a@dﬁj}é

VY

o LA o ddxo

S pede

s/ el



o

s Ay LS

Ob— = L oL el

L CDNA izl sl RNA iS5 opls
Yo iy 4 «le TAKARA &S i oslizul
s 51 Realtime PCR el (6l 5 . ad o3l JUasi]
33 .43 5 oslizal AMPLIQON - S ule S
05 Olgea GAPDH wr o 05 51 ol hass,
Real Time (slaosls oS 0T (ol 5 opuoman 5 5ol
(YA) Lo a5 S o Joow Ws Wy 3y, 5l PCR
5l ThXS 5 NKX25 05 0l (s Sl e
bwg gagn ool s eddeslitel gla el (IS
LS beg 5 b IDE Allel il
Sty M5 s S e 05w (65555 50
el o e3,91 V led Jads 3 edieslizul
Y ot bdises den 5 i sl gles il S
s S 15 T e mb b Ko 5,1 45,
Real Time PCR xSy sboj 5 obes b ioman
Ll ¥ oaled Jgde e ol Zags s
Ob oslazul L Wesls Laeshs floeiga o Jigy
Ope3T 3 s il g ;2 SPSS V0L.22 53l
s aesls w5 0o b o Sl Sy sl
ol HLT 515 b ubyly il sl cn o 0sa5T
Sl LSD i 05057 5 aalyeSS uiboly oo
gl w58 oslial Loy 8 Ole Ssli Lalis
i 4 La 55 020.05 o s3T5 (g lsline

O i G ) (3L Il xhe das 55 4ids
580t Jern i b QLT hiteas ¢ Jaall) siws 65,5
bedoys jho cod b aids 5o ey oy b s o
05,8 sy oly Joas 5 (55 4R35 V0 5 VY 5 Ve 0L
Geen @ lAT Jaally s @l sk 5o 5 d S
(YO XP) wbyoly Juod 5 (695 o

AT ) e ol FA 5 o jed by95 Al L
S T
Nl Gals S 5 by Lo, (il cela
ES 5 Jyame (V0 MO/KG) kS 5 (1o mglkg)
3 Pt Sl B Ssen il OLWT
3 sS 08 Gk 3 0 sl Las gL
A IS T s 5o 5 s £ o3l pa 5
S I S5y oS S eslined L0 Sl
b ol b Olpl 05T ol OSE sl
25537 1 ol8aws 3l eslizal L 2 qws 53 p 5 e
(V) w3 5 ol

5 M 05 Ol S eIl skta I8 L
oy Bl e 53 A8 Jate A Bl 55 B 4 ol e
Total RNA RIbOEX J s> 1 eslazw! L RNA
5 455zl (GeneAll) isolation solution

)‘QJL&SJ.'M\\;.RNA&L‘:;}JS@)JJCQL@JJ

5 0Luabl Gl e i odamie O3l o

e e oS sla el Jis N Sl Jou

bp 5 &3l W10 ogSae yosly (Jod 0"V i yo3l (g o3 pb
AY CGAGGCATCAGGTTAGGTCA CTCGGATTTCACACCCACAC Nkx2.5
Vo GGCCAGTCACCTTCACTTTG AGCAAGTCTCCATCCTCACC Tbx5
1Y ACATTGGGGGTAGGAACAC ATCACTGCCACTCAGAAGAC GAPDH
R-TPCR k)5 gl asb .Y 6kl Jguo
1SS olasy 45 > Gl Lo > o
\ ass ) 95C° Hold
4 ¥

i 95C° .
£ SbY 60C° ) ) Denaturat_lon
2200 melting curve annealing, and extension

PR




S U8 o8 5 S Sl & das s

(3L Il wia Caa Gl e (MY -FSO/B)

s (TEOYVENN) a5 glaos 8 55 oS S s
OYANY=YYE/0)  cppoi= Jue 5 (F2O/FYV-AY/F)

Cals Al

B 4l
2l 5 (08) 05 oSbe ¥ obles Jpir
S O s e O 1y e, (mgldl) S8
Wl 4zl (glodalin BB 51 o 5 Jlesl
Slaos 8 53 055 Sl o alstle azia ot gl ]

Olis ¥ ojlad Jode cpimer 55 5 b3S iash

S e a by oy LT mb Y biled Jau

o903l om 0903 Sy al> 5o
mg/dl) 5 € 5 855 (mgdl) ;5 € 5 855
ol il Q,ﬁ;\,_,. ol il u,__ﬁ,l.., ol il u,__ﬁ,l., ol oL u,__{l,,, Sl 055
REI REI| REI
VAN £50/0 VA ¥V VA ¥1v FAIFY YAS/$ F o alsdgs
Ve YFO OF/YA FVY/ Y OF/YA FVE/) 9¥/5¢ Fovy A e
av/v Y O/AY Yr/fr YYV/88 YY/fY V5 YY/EY vay/s 5 e
YF/0 VWA Y VV/SA YFE/D VV/SA FRE/D b4/0F FIV S WP

53 THX5 05 0k Slais 5 Kbe o s glaasly
el bz 3 ¥ bjles JSE s e o5 8 Ll
058 53 05 Ol (el sddesls Ol & sbolea
05,5 (V) S 058 4 G (V/OIW) fusm oyl
Sl (YWY o as 058 s (AY) s
035 53 Larls ol & Jbs oyl oKk

s Al S 05 8 4 s

Thx5

by J RS gl

alal

(B e

0F Ol Sk deoy claadl Vo5l S

ssbOler as o Olis Calises slaes £ 5 1, NKx2.5
s 035 03 05 opl Ol (il sdsiesls Ol &S
Jos 055 (V) JS 058 4 i (V/FF) sl
St il (+/88) Jue— p a5 055 5 (+/A)
53 Nkx2.5 o3 G'g..djé slie Sals S Jl s 0 yls
sy hslas IS 05 8 L amlie 53 Jue 058

Nkx2.5

15 -

1lna

Sl J S el

due Qs due

TOX5 05 0l tee 5 slaasl ¥ 8 kol O NKX2.5 45 0l e 55 slaasl L) 8 lods o

Loy 8 0w dal,eSy uilesls oot 0505T ol £ 8 5led Jguer

&lobxe glaws F ©lygdzme il P EESS @lygdzxo & gosxo JUEsH

VAR F/AYA L /OYY ¥ 1/044 Nkx2.5

Y £v5 £/4% v VF/4 Thbx5

\4d

o LA o ddxo

Sy peds

o/ el



\A4

s Ay LS

Ob— = L oL el

laes 8 0L LSD (s 03057 s .0 Bskes Jgurr

byl wglas &olo s o 09,5 skl e L] o
—+/Ffo s /0¥ P
WAL Va2 s J s
/e +/44A s
Joo i NKx2.505 oL
Vian% o /oy J«r— )
g
< /FF7 see /oY S cp S
S ¥ St e
EATARE we/0Y S
Y /A8 s Jas
-\/0\V sev /0 oo
Jee i Thx5 o5 ol
V/FN see /Y Je A
g
—/\V 0 /VF e 05
-1/04 VERY4 S Js

Gl 5 bSile 4 ey Ll blee Sl
B O NPUC P S RRPC P S WV

g ppeddsb oy 8 5

S 5 domi 9 v
i s e oS ol L ol Sl il
b 53 Nkx2.5 5 ThXS 05 olo il Seb osls
(YVF) 0L 5 Kuly b abs glao, b
3 bdr hlawsmpnlS SE Lol Ol
(V) Cals (golsline SRl Bys opyed Glaes S
2 b s Sl een Sl Wk ml LS
LS Ls S 0l (YVF) OLKen 5 gl ol dalllas
Scal-1 5 C-Kit (Nkx2.5 ,slae ks 55,5 Clleb
Sbidnid Saimle 4 s 2l Hblae I
B Sl s ol sbdgle Hledl 5 b e
Jole CIEBP W 8 Ut 55 5 (VY (Y) 555 o oeie
S ol iy Sl o S5 as e 23V
S r il ) a3, 5 5 By e
5 Ss Sl 5l SU CIEBPB ol ials ¢ opl sl
S0 48 seme Ol il 4 C/EBPP S5 5les 5o
segr 3 (NKX2.5ThX5) b5 ples 5 25 4 L
OLSes 5 L en (1) 358 o e 5 5 Shes
25,5 zn 5> MRNA THX5 J;slie sl ols (1W4A)

2 dee Oran s Gaes Al S s
WS ey S Ole 55 mbs slbao, B8 Sl
0331 3 s mopad 058 5 Jee cpa
Jsd 55 48 Wb olizal anly & il yly Jodos
el f3 o o mls s ol ol ¥ 5,Lei

S sl Olas anlye S uills o 05T =
05 0l esle 5 (P=0.01) NKX2.5 05 ol LesLs s
@ oaxg b ooyl ey ylalae sl (P=0.03) Thx5
35 Bl g pwyp 8l 098 Sl O3 lsbias
O s o w35 03liel LSD in 05057 51 el
R okdz )50 Soled Jodo- 5o

Oy als 5 ol 0l LSD (o 05057 il
(P=0.03) J =S 05 5 U oy ye 05,5 Ole NKX2.5 3
Gmomas 5 (P=0.03) Jus 05 5 b opjai 058 Ola g
S5 (P=0.02) Jus_ o j03 055 b cppd 05
(o5 Sl 5 b oSl 4 e 5 Lol Sl
Ll e g odbol 098 aw I o ped 05 8 5 Shes
sl NKX25 05 0l Lesle s ey S b Ols
53 LSD im 05051 mls opimmen 5 355 Slaline
b cpped 05,8 Obe els Ol TOXS 05 Ol Lesls
Juo 03 B 05 09 8 Ola 5 (P=0.02) J 28705 8
JAS 03 b Jus npmi 058 355 (P0.02)
(P=0.01) Juus 03,5 b Jus p e 03,5 5 (P=0.01)



@B e oler 4 Jus O e s i ol
P=0.02) ThX5 05 Oly Lasls s gme L3l el
Ll s ¥ g abs g, B sl ) (Y/0\V
350 ls gma OT 0Ly 2l 3 NKX2.5 05 6, 55

Dpan ol pen b el S pabse ) GO e
2 @Il S8 OSI ST S Olgen Jus
s O zn Lol 60bls 5 ol5 8 S0 0Ly )5
2 Sk b Cuilg @l (lme il
A el S il 2ls B Sl Sl s Sy
b B Sl L s 5SS o) Oy Llsbas e
W13 QL (T19) ey 5 (50 el () b ponn A
G357 n e St V) S| ST oS
P3PV Py LTS VR P P G
ALHKea 5 iz (FF) Wy 65555 5 6,4 s
B e 4y STy Jus C5 e Lsls 0L (Y41))
STy edd o Syseoas /F /Y /Y Ol 4 9,
M Lol Gls Sl Sisn oo GaliT
Yopl by oSl 35 50 Glo o )Ty aliblows
e 4 g gennl o) Yzt (D) w3 S L e
¢85 9 V- TU VY S Vv ¢ Oldae 5 Sl
bl a8 5l & d p gy o (gles
Olgea e 4 Sl 2p (ol slile Ll Jue
Sl & S el 5 SN Sl e e
g g odils oYU Kol s 5 SlaST| 2T
GSsp s SHE Je 5515 e ssms s
Gd 53 e T 5 Gdee olse dagpaly s 165k
338 s g e Ol

(gl 80,8 Lug SIS s s I
0 e el s S 5 58
B 53 ROS Wy 5l 5 ool als 4 ba 2>
J ROS Corl |y sagos bkie (FF) 545 0 oo
4 gas 9GS e bw g S35 Jsb ys < RNS
(Al St T o 235 o 5 s
S oS FF) 555 0 55555 5o Pl 5 St

P Wl J 8 05 8 03 e 5 3L Rl g e
35t peenl bo dalllas L gl oyl 457 (F) Sl (5 ylkimn
nguﬁt);uﬁ,«:omﬁ;;}u:wqd@w\
SMIE 4 by & san dallles j5 oS Cul b,
Lo ool e s g by b, ol dadlas )
ol ol sbesle il s YL ous
ALK 5 5 ol e il b s Sl
4 M sla e 4 NRGL 5,55 Llesls oLas (Y+10)
GIP B ol s Bl eSS MI
d5hor ol 0 Shes O g ol e 5 a8
e Slae NKX2.5 05 0ls Sial 53 b geen (YY)
oS s Lals Olas (Y1) 0L 5 55 ¢ )5
o B B sl I 55,5 5 st Irisin
Nkx2.5 il ol 5 S oo Cliblons oS! )
(b slad s 5Ll 4 anly (I8 55555 Jshe
3 08 Sl s Al L oS,
>J§Lw 3 e &S el sddesls Ol Cpeoma
Al B Colie Blle 1ol (Ses 565 STl
(FY) &S Cablonn T

Jb by oo B4y ;o fagh ml @ 4 g L
3le C/EBPB -NRGL-EMDBA jlusply e 05
SN s sk G 55l 51 (K Bns on e
3 2S5 5 s slaoasls (NIl 8 s e
Ceb mbs by s (M) cwl Bl
I 5l > Shos 3900 5 (2bS e 5500 Sl 3!
(¥Y) 555 0 33,5

s @M 0 ety Jee (8 slaole; )
OT Cojan Jlmipll ol 035 amsinyse Sloyo
oki 5l o b5 Oblen 53 o34 1> Olsiea
Jes &8 Wsls OLad pome i V4V ) e
I B C Az 5 S ) kEL i SIS
I3 ) 35 ol KIS 2 ls 5 das a
53 sl 5 050 S S RS Gl Jus o e SET
Ol gl & Hsboles .l odd b 2> Ol

YA

o LA o ddxo

S pede

s/ el



va

s Ay LS

Ob— = L oL el

ME & S Oblen 2 LOT 1l 5 25 5 ol
T Sladss s 345 o0 g (ol 4.:9; PP
230 35 5 Il o ped Callis Glads 5 ¢ 55 ST
B Oleys 5 3 Slas spg p Jus Cale gl5l g
4 Gyl 55l 5 338 s s Olsley
(Lgh e e 05y b 3 b 51 CSCs (g 5ledles
2 AL e s S Sl il Olsee e
Ssiles S s cab Oleys @l (B g5l
S8 s, 5l oman énjf oslazl Sg,0 M5
Sy 33 ST ST Calisee gla oS Sl 50
B2 (Sl 2308 3 (g 9,l0 8 b Oleys Coltal

ST

G108 9 KIS
oMl &S s IR.SSRC.REC.1399.080 (M|

ety s 8 b Gacn i oKaasy S

5 i AT 0L, 5 hass 0L des

g g S5

IR.SSRC.REC.1399.080 : @M1 o5

References

1. Jakubik D, Fitas A, Eyileten C, Jarosz-Popek J,
Nowak A, Czajka P, et al. MicroRNAs and long
non-coding RNAs in the pathophysiological
processes of diabetic cardiomyopathy. emerging
biomarkers and potential therapeutics. Cardiovasc
Diabetol 2021;20:1-29. doi.org/10.1186/s12933-
021-01245-2

2. Huynh K, Bernardo BC, McMullen JR, Ritchie RH.
Diabetic cardiomyopathy: mechanisms and new
treatment strategies targeting antioxidant signaling
pathways. Pharmacol Ther 2014; 142:375-415. doi:
10.1016/j.pharmthera.2014.01.003

3.  Hematinafar M, Gaeini A, Kordi M, Chobineh S,
Karimzadeh F. The effect of exercise intensity on
cardiac regenerative capacity in rats with
myocardial  infarction.  Sports Life Sci
2019;11:17-34. doi: 10.22059/JSB.2019.134611.
1006

4. Urbanek K, Torella D, Sheikh F, De Angelis A,
Nurzynska D, Silvestri F, et al. Myocardial
regeneration by activation of multipotent cardiac

5 e 3l Calial WIS e SlST| ST
b s 1, ROS / RNS sl aibe il
=8> B g5l (oS g Fiam (OlnST| ST

dalpd gn s Al 1y ol 4 Sl 5 Ul
oS 5T oS Sl St sl SloiS 6
Sy das e I B5s st sl
Ol Mg ol sl & ers L .(FF) sl
JoSe Olssa Jus D & o Jlnd
swl I mle b Gl i o eS| T
5B sbdle 55 55 e 5l 36 s, B L
b bs Olsben 53 Yol 55 0 5 5 Slhos 5 5
Slp Jre GHASIAT Shiasls ol sy
by (B Sl e s SsaT 3l 6S s
SIS g Eol loamiasls gl L
S (ol slad e B 5 (sl Ol Al
338 o 020
s S S Vg Sl mla aery L
ASS 5 ookt Gladshe K o5 55 e oo a3l5
O gl 5 el (G Sl g 4 LOT L5
Juos O e Ll 63 5 o bl 0 53,187 125 sy
S ol Gl B ladsbe S5 55 T

Gladsle 5L, Slllas ziw ol 4 ax 5 b G

stem cells in ischemic heart failure. Proc Natl
Acad Sci U S A 2005; 102:8692-7. doi:
10.1073/pnas.0500169102.

5. Wallner M, Duran JM, Mohsin S, Troupes CD,
Vanhoutte D, Borghetti G, et al. Acute
catecholamine exposure causes reversible
myocyte injury without cardiac regeneration. Circ
Res. 2016;119:865-79. doi: 10.1161/ CIRCRES
AHA.116.308687

6. Marino F, Scalise M, Cianflone E, Salerno L,
Cappetta D, Salerno N, et al. Physical exercise and
cardiac repair: The potential role of Nitric Oxide in
boosting stem cell regenerative biology. antioxidants
2021;10:1002. doi: 10.3390/antiox10071002

7. Kamkar A, Khodabakhshiyan S. Determination of
the total phenolic, flavonoid and antioxidant
activity of Sabalan Honey. J Veterin Res
2017;72:53-61. doi: 10.22059/JVR.2017.61290

8. Pasupuleti VR, Arigela CS, Gan SH, Salam SKN,
Krishnan KT, Rahman NA, et al. A review on
oxidative stress, diabetic complications, and the


https://dx.doi.org/10.22059/jsb.2019.134611.1006
https://dx.doi.org/10.22059/jsb.2019.134611.1006
https://dx.doi.org/10.22059/jvr.2017.61290

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

roles of honey polyphenols. Oxid Med Cell
Longev 2020; 2020:8878172. doi: 10.1155/
2020/8878172

Farkhondeh T, Folgado SL, Pourbagher-Shahri
AM, Ashrafizadeh M, Samarghandian S. The
therapeutic effect of resveratrol: Focusing on the
Nrf2 signaling pathway. Biomed Pharmacother
2020; 127:110234. doi: 10.1016/j.biopha. 2020.
110234

Charalambous M, Raftopoulos V, Paikousis L,
Katodritis N, Lambrinou E, Vomvas D, et al. The
effect of the use of thyme honey in minimizing
radiation-induced oral mucositis in head and neck
cancer patients: A randomized controlled trial.
Eur J Oncol Nurs 2018; 34:89-97. doi:
10.1016/j.ejon.2018.04.003

Abdallah HM, El Dine RS, Mohamed GA,
Ibrahim SR, Shehata IA, El-Halawany AM.
Natural Peroxisome Proliferator-Activated
Receptor y (PPARy) Activators for Diabetes.
Altern Ther Health Med 2020; 26:28-44

Xiao J, Xu T, Li J, Lv D, Chen P, Zhou Q, et al.
Exercise-induced  physiological  hypertrophy
initiates activation of cardiac progenitor cells. Int
J Clin Exp Pathol 2014; 7:663-9

Leite CF, Lopes CS, Alves AC, Fuzaro CSC,
Silva MV, de Oliveira LF, et al. Endogenous
resident c-Kit cardiac stem cells increase in mice
with an  exercise-induced, physiologically
hypertrophied heart. Stem Cell Res 2015; 15:151-
64. doi: 10.1016/j.scr.2015.05.011

Alavi SS, Joukar S, Rostamzadeh F, Najafipour
H, Darvishzadeh-mahani F, Mortezaeizade A.
Involvement of Sirtuins and Klotho in
Cardioprotective Effects of Exercise Training
Against Waterpipe Tobacco Smoking-Induced
Heart Dysfunction Front Physiol 2021;12:680005.
doi: 10.3389/fphys.2021.680005

Waring CD, Vicinanza C, Papalamprou A, Smith
AJ, Purushothaman S, Goldspink DF, et al. The
adult heart responds to increased workload with
physiologic hypertrophy, cardiac stem cell
activation, and new myocyte formation. Eur Heart
J 2014; 35:2722-31. doi: 10.1093/eurheartj/
ehs338.

Bo B, Zhou Y, Zheng Q, Wang G, Zhou K, Wei J.
The Molecular Mechanisms Associated with
Aerobic Exercise-Induced Cardiac Regeneration.
Biomolecules 2020; 11:19. doi: 10.3390/
biom11010019

Naderi N, Hemmatinafar M, Gaeini AA,
Bahramian A, Ghardashi-Afousi A, Kordi MR, et
al. High-intensity interval training increase
GATA4, CITED4 and c-Kit and decreases
C/EBPS in rats after myocardial infarction. Life
Sci  2019; 221:319-26. doi: 10.1016/j.Ifs.
2019.02.045

Ahmadi-Noorbakhsh S. Sample Size Calculation
for Animal Studies with Emphasis on the Ethical
Principles of Reduction of Animal Use. Res Med
2018;42:144-53.

Mobasher M, Mahdaviniya J, Zendehdel K.
Ethics, medical research, Helsinki Declaration,
informed consent. Med Ethics His Med
2012;5:62-8.

Zou F, Mao X-g, Wang N, Liu J, Ou-Yang J-p.
Astragalus polysaccharides alleviates glucose

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

toxicity and restores glucose homeostasis in
diabetic states via activation of AMPK. Acta
Pharmacol Sin. 2009; 30:1607-15. doi:
10.1038/aps.2009.168

Gheibi S, Bakhtiarzadeh F, Ghasemi A. A review
of high fat diet-streptozotocin model for induction
of type 2 diabetes in rat. Iran J endocrin metabol
2016;18:135-48.

Srinivasan K, Viswanad B, Asrat L, Kaul C,
Ramarao P. Combination of high-fat diet-fed and
low-dose streptozotocin-treated rat: a model for
type 2 diabetes and pharmacological screening.
Pharmacol Res 2005; 52:313-20. doi:
10.1016/j.phrs.2005.05.004.

Moeinifard M, Hedayati M. Alloxan and
streptozotocin, tools for diabetes research. J
Applied Sports Physiol. 2015;10:13-22. doi:
10.22080/JAEP.2015.915

Ramli NZ, Chin K-Y, Zarkasi KA, Ahmad F. A
review on the protective effects of honey against
metabolic syndrome. Nutrients 2018;10:1009. doi:
10.3390/nu10081009.

Akbarzadeh A. The effect of high intencity
interval training combined with curcumin
supplementation on Plasma glucose concentration
and insulin resistance in diabetic rats. SSU_J
2018;25:961-9.

Thomas C, Bishop D, Moore-Morris T, Mercier J.
Effects of high-intensity training on MCTL,
MCT4, and NBC expressions in rat skeletal
muscles: influence of chronic metabolic alkalosis.
Am J Physiol Endocrinol Metab 2007;293: E916-
22. doi: 10.1152/ajpendo.00164.2007

Yeylaghi Ashrafi MR, Abednatanzi H, Ghazalian
F. The effect of eight weeks of high intensity
interval training and n-chromosomal royal jelly on
G6Pase gene expression in hepatocytes, glucose
levels and insulin resistance in type 2 diabetic
rats. Razi J Med Sci 2020; 27: 135-50.

Peinnequin A, Mouret C, Birot O, Alonso A,
Mathieu J, Clarengon D, et al. Rat pro-
inflammatory cytokine and cytokine related
mRNA quantification by real-time polymerase
chain reaction using SYBR green. BMC Immunol
2004; 5:3. doi: 10.1186/1471-2172-5-3

Zar A, Ahmadi F. Evaluation of CITED4 Gene
Expression in The Cardiac Muscle of Male Rats
as a Result of Resistance Exercise and Spirulina
Supplement. Jorjani Biomed J 2021; 9: 36-44. doi:
10.29252/jorjanibiomedj.9.2.36

Kartha CC. Mechanisms to Induce Cardiomyocyte
Proliferation. Cardiomyocytes in Health and
Disease. Springer; 2021. p. 269-78. doi:
10.1007/978-3-030-85536-9

Tao L, Bei Y, Zhang H, Xiao J, Li X. Exercise for
the heart: signaling pathways. Oncotarget 2015; 6:
20773. doi: 10.18632/oncotarget.4770

Zhou X, Xu M, Bryant JL, Ma J, Xu X. Exercise-
induced myokine FNDCS5/irisin functions in
cardiovascular  protection and intracerebral
retrieval of synaptic plasticity. Cell biosci 2019;
9: 1-4. doi:10.1186/s13578-019-0294-y

Meo SA, Ansari MJ, Sattar K, Chaudhary HU,
Hajjar W, Alasiri S. Honey and diabetes mellitus:
obstacles and challenges—road to be repaired.
Saudi J biol sci 2017; 24: 1030-3.
d0i:10.1016/j.sjbs.2016.12.020

51y 4l

0

S pede

s/ el


https://dx.doi.org/10.22080/jaep.2015.915
https://dx.doi.org/10.18632%2Foncotarget.4770
https://doi.org/10.1016/j.sjbs.2016.12.020

M

57

Lo oo dodd e LS sl 4dse A

U

34.

35.

Merry TL, Ristow M. Do antioxidant supplements
interfere with skeletal muscle adaptation to
exercise training? J physiol 2016; 594: 5135-47.
doi:10.1113/JP270654

Bt Hj Idrus R, Sainik NQAV, Nordin A, Saim
AB, Sulaiman N. Cardioprotective Effects of
Honey and Its Constituent: An Evidence-Based
Review of Laboratory Studies and Clinical

36.

Trials. Int J Environ Res Public Health 2020;
17: 3613. doi:10.3390/ijerph17103613

Nishikawa T, Edelstein D, Du XL, Yamagishi S-i,
Matsumura T, Kaneda Y, et al. Normalizing
mitochondrial superoxide production blocks three
pathways of hyperglycaemic damage. Nature
2000;404:787-90. doi: 10.1038/35008121.


https://doi.org/10.1113/JP270654
https://doi.org/10.3390/ijerph17103613

