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Abstract

Background and Objectlve Type 2 dlabe‘ eII|tus (T2DMXIS a progressive metabolic disorder characterized
ellulag energy homeostasis. One of the major
complications of T2DM is |ts detrlmental effect on th vascul@ir tem, where prolonged metabolic stress
e. Mitd@hondria, as the primary organelles responsible
ning normal myocardial contractility and function. Among

ndrial health are P o, SIRT1, and TFAM, which are strongly implicated in

mitochondrial biogenesi‘an
expression of these genes, ther
biogenesis reduces c%c ene
development of dlabe

as structured se and n

drial biogenesis. This impairment in mitochondrial
ontractile dysfunction, and ultimately contributes to the
e.Consequently, non-pharmacological interventions such
mpounds have gained attention as potential therapeutic strategies. High-
Yowing to its intense and intermittent nature, has been shown to stimulate

mitoch prove energy metabolism. Similarly, rutin, a natural flavonoid with potent
antioxidan iz atory properties, has been reported to protect cardiomyocytes against oxidative stress
and may also tochondrial biogenesis pathways. Therefore, the present study aimed to investigate the

independent an
TFAM in the

ned effects of HIIT and rutin supplementation on the expression of PGC1-a, SIRT1, and
diacC tissue of type 2 diabetic rats.

Materials and Methads: In this experimental study, 40 male wistar rats with type 2 diabetes (induced by a single
intraperitoneal injecti@h of streptozotocin and nicotinamide) were selected and randomly divided into five groups
of eight rats each: ¥) Diabetic Control (DC), 2) Normal Control (NC), 3) High-Intensity Interval Training
(D+HIIT), 4) Rutin Supplementation (D+R), and 5) High-Intensity Interval Training plus Rutin Supplementation
(D+HIIT+R). The HHT groups underwent a 4-week training protocol, consisting of five sessions per week (5-6
bouts of 2-minute running at 80-90% of maximum achieved speed, interspersed with 1-minute recovery periods
at 30% of maximum achieved speed) on a specialized rodent treadmill. The rutin supplementation groups received
100 mg/kg of rutin daily via oral gavage for 4 weeks. Data analysis was performed using one-way analysis of
variance (ANOVA) followed by Tukey's post-hoc test (p < 0.05).
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Results: Induction of diabetes significantly reduced the expression of PGC1-a, SIRT1, and TFAM genes in the
diabetic control (DC) group compared to the normal control (NC) group (p<0.05). Each of the interventions, high-
intensity interval training and rutin supplementation alone, significantly increased the expression of these genes
(PGC1l-a: p=0.001; SIRT1: p=0.001; TFAM: p=0.001). Moreover, the combination of high-intensity interval
training and rutin supplementation showed a significant effect in increasing the expression of PGC1-a (p=0.001),
SIRT1 (p=0.001), and TFAM (p=0.001).

Conclusion: High-intensity interval training (HIIT) and rutin supplementation, either alone or in combination,
enhance the expression of PGC-1a, SIRT1, and TFAM genes in the cardiac tissue of male type 2 diabetic rats.
This upregulation may strengthen mitochondrial biogenesis and improve ATP production, thereby promoting
cardiac energy metabolism, reducing oxidative stress, and, together with lowering blggd glucose, contributing to
the prevention or attenuation of diabetic cardiomyopathy.

Keywords: Mitochondria, Rutin, HIIT Exercise, Type 2 diabetes, Diabetic Cardiomyopathy

Type 2 Diabetes: A Molecular Approach Based on the E GC-1a, SIRT1, and

TFAM Genes. 2026;19(1):1-2.
*Corresponding Author's E-mail: mirzaee@guilan.ac.ir

Received: 19/08/2025 Revised: 22/09/2025 Accepted: 09/10/2025

Copyright: © 2025 by the authors. Submitted for possible open access publicati@n under the terms and conditions of the Creative Commons

Attribution (CC BY) license (https://creativecommons. *‘censes/by/ ‘
sﬂys'iﬁ!.;‘

A 9%,00 150

SN Cullad

Lo a5 e 5 sloss, 8 cédl o TFAM

# 2l e Crotes ¢ (59,8 Ol

Olpl ey (IS oBils (o359 pole g (Fau Con B 0aSLiils (2359 (5990 78 09,5

0 Sz
Ol gl 4y Canglin cipaje comedS pm b aS Col oig piy ( Sdglio Pl S (T2DM) Y g4 cubs :dun g dedie
— ol i g ol OB SIELY £g5 Cubs sdee (B)lse 5l (SO 0gd e atuine (Jsbe (555 jliwsen o DS


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0000-1125-1540
https://orcid.org/0000-0003-3723-7434

b 3 Slos 5 pi ALl bis o Gl 28 (ol 6551 eaiS el ol slacaladl plazeas Las S e
sloing cuenl 5 TFAM 5 SIRT1 PGCl-00 5,055 g coodw oulS slaoansS ouas oyl 4o .05ls 0,5 g0
Gl b Cobs o5 ams oo lis daled oS oo Ll (5 970 (A (Silie 65155l 9 (6595 gie Figm 50 9 910,95 0
Gl 8 6551 39 s 58 16,0 $ie Bigm )0 ST cnlh djle e JSe | (S g e ey cnl Ole
@i )3 000 2 (B ale )b g (b (Slgmenid)lS G920 )3 Cales 50 9 39 o0 (Ll 0 Shas )3 PUS o ge o0l
D8 azgi 0550 09l Sloyo sladSog) lsieas cxmdb DloS 5 g sl 055 Sl el plal o5)l0 508 X
S e 359w WlgH oo 45 el 00l (yLid g5 glizte g wad Casle Jdo 4 (HHT) casyy ool o o5 0slass 5
ST ol U e sl s it o, st oot ki Spnge | 55} eelin 3 00,8 S0
Figm S e Sl (s 9 000 1) g5lannST ol plp 0 lalemsens )5 ) cdadle g (593 Slelns 4
5 Oadp (29l (el (oS 5 g S DI gy polo dalllae Bas 00l aes 13

2 Y g ks slaes, I8 cél o TFAM T1.PGC-la

5 ol 2 09y JeSe

Slao 9,0 G, 5L S bead WY gy b by 5o
Jboyi JS (V (OC) (s S5 () (gm0 Seip 09,5 iy 5o (ol 3l (el 53555 5 g i

Osy JeSe g Dad o9l o yes (0 9 (DFR) 3y, JoSe (F 4 ) Sad 23l s (F (NC)
‘5»9Lu UJ)‘Q" 6[&05; JJJ.MJ p..\.m.a.» a5 (D+H“T+R)

el o e by g Slge

Gl aa8s g0 alag 0-F) abn o als my wia F oo o
4 (A8l Cawd Caeyuw iSTas 1Y bd)jlf‘ajﬁéag_i{ol
oy gy Vor MOIKG wilyy) aie ¥ oo B9,
10) 0 el (S o o903l g a8l, Sy il ly

°5;f“4-’*5‘°f OB Wsz oy OIS )le5 (595 oS
ooLn_i‘Lm$ 5 g 3m0 .030,S Cdl Lo 5lelS & e
(P<

09,5 4 Cams (DC) bis ‘}.,5 s TFA GCl-a slayy; oylo slobine zals el cobs Wl o axdly
loL.Mu,.J)_el wjmg‘!@wj e 5 adhals s o5 oAl 5y e (P <+/-0) 4 (NC) wllo J s
2 e (TEAM: p= </ -V SIRTL:p= </« «V (PGCL-a: P= ¢/« V) w5 oy onl ke
oo 1.p=-1--VHPGCL-a 5 ls Ll )0 )lo cme 1 s, Bpan b Sl

ol s (P=

S (oo o8l (b (Glseend)lS 2lse 20Tl 6 S i

NETTROE PSR I PCM IO o 1| ) BOSCIRNC PR SRR WL

Fism St » U9y JeSe 9 Vb Dal b sl (el 55U et sl 0l 2859598 alie Gl &y bl Bz
TFAM 5 SIRTL PGC-la slagj ol &by » Jo¥se 63,509, 7 g9 (Rbs 5 slagise o 8 b0
RSO R EIN



mirzaee@guilan.ac.ir: Jgtww sdsus s aabll,

VECEYNE ol s VECEEITY il VECFOIYA w2l g

w

5 795 S b Sdsials 3 Sles jo P (B 59,08 LawgaS Cunl (B9 pe- b lagslo ) (o5 aatie
55I0enST sl 2l Bl ile 50 Sy & % b DM .(0) 05500 (ot cr Sl (B35 mle

SSbee ST 55 o sloag st 55158 panrlsie < Y
o,8lee PLSTL LI b Shgegso, 5 anwgs ojls 5Ls (65,50 oYL polas 4
Muag@m‘wlw g Bs 5 o ol el LATP mob o ials o5
S MR RPRPIRR, ety ) a8 gie o 8es Pzt 5 (oo Sliseesio)5 G

b QLAY b (8 lhlo o 6350 Jolas il S5k s el
2 o 5 56555 i ol o oS sl (slalo o aiz g 0nd 0rlats a6 05 s 5o
alae g LB has  sedl ;o o5y 4 Jobo gilonsST cod)ls Lais gl anl 3 ol 05l oo plil Jobo
0 S 0 O yga LI clooaisS nulais g cwwgig; Jelge I slaSid Lawgi (6 S g Pigm eulat .l (Sl IS
O e UPG YWY 55165 aliwg @ o Jlad SLlS pg5 (S90S @ (s o0 bl (5 oen 51 4

o5 5l 6 i B 5 elge alex 5.V ) 0,5 o LWM(TFAM) A (50 gie (cmmgig, Jele 3 Z(SIRTL) )
5 oslgils S5 T o8P sl sais b s (V1) ool SIRTL alaz 51 s g5 s e (soten (25 (5 )i e
5 2 sy st el 4 Cuglis bl g (oD e Laylp 55 (VF) s Plil s e a5l
5 Slslbie sla S elais 5l 00 (glacgere SIRTL liios (50 b Gob oo (Rl sl
3RS gs e (10) 3500 (§)NS gs o yrmmo (0D Jlib 4y 7o 095 o5 wiS e Jud |, PGCL-t alor

' Reactive oxygen species

2 Heart failure

3 Diabetic cardiomyopathy
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5 Peroxisome proliferator-activated receptor gamma coactivator 1-alpha
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7 Mitochondrial transcription factor A
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