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Abstract

Objective: High intensity interval training (HIIT) and continues
aerobic training have cardio-protective effects in diabetic rats. The
aim of this study was to compare the effect of HIIT and continues
aerobic training (CAT) on MIR29A and collagen I gene expression
in heart of diabetic male rats.

Materials and Methods: In this randomized controlled clinical
trial, 18 male diabetic rats were studied. They were divided into 3
groups as HIIT, CAT and control group. Exercise protocol was
performed 5 days/week for 5 weeks. The MIR29A and collagen I
synthesis were compared between the groups.

Results: Findings showed MIR29A expression is statistically
higher in HIIT and CAT group than control group (P-value<0.001)
and (P-value:0.053). Also MIR29A expression is significantly
higher in HIIT group compared to CAT group (P-value:0.034).
Collagen I expression was significantly lower in HIIT and CAT
group compared to control group (P-value<0.001) and (P-
value:0.001). Collagen I expression was lower in HIIT group
compared to CAT group (P-value:0.027).

Discussion: The results of this study demonstrated that, HIIT
increases MIR29A expression which is along with reduction in
collagen I synthesis in cardiac muscles increases the risk of
myocardial fibrosis in diabetic rats.

Keywords: High intensity interval training, Continues aerobic
training, Diabetic rats, MIR29A, Collagen I

Introduction

iabetes is a very common disease in
all countries and about a third of
United States adults are pre diabetic
(1). Exercise can reduce the blood glucose
levels and leads to prevent the progression of
diabetes (2). Regan and coworkers (3) showed
that patients with diabetes may exhibit
extensive perivascular, interstitial, and even

replacement fibrosis in the absence of
hypertension or coronary artery disease. The
Framingham study (4) demonstrated that a 2-
fold higher risk of heart failure in male
diabetics and a 5-fold increase of risk in
female patients with diabetes. Further animal
models of diabetes provide strong support to
the association between diabetes and
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myocardial fibrosis. It was also found that
high intensity interval training (HIIT), leading
to improvements in various measures of heart
and metabolic health (5).

On the other hand, it is well known that
physical activity plays important role in the
prevention of type 2 diabetes and
cardiovascular disease in individuals with pre-
diabetes (6). HIIT is a time efficient and
effective exercise for improving cardiac health
especially in diabetic patients (5,7). One study
showed that a majority of inactive adults
because of chronic disease such as diabetes
prefer HIIT to moderate continuous training
(8).

The molecular basis responsible for cardiac
fibrosis in diabetes remains poorly understood
(9) the MIRs play important rule in
cardiovascular disease [10]. The MIR29As
inhibit numerous MIRs which involved in
extracellular matrix (ECM) production and
fibrosis. Also MIR29As affect cardiac fibrosis
through the regulation of collagens (11). One
study showed the MIR29A was negatively
regulated collagen IV and reduction of
MIR29A caused by high glucose level in
serum may lead to increase of collagen
deposition in proximal tubule of kidney (12)
MIR29A has a key role in physiologic cardiac
hypertrophy accompanied by exercise (13).
Studies showed different effects of exercise on
MIR29A expression. Haram et al. (14) showed
HIIT decrease coronary artery disease more
than moderate exercise. The results of other
studies showed improvement of cardiac
function in heart failure and hypertensive
patients after HIIT (15).

There are no pharmacologic strategies to
inhibit and reverse fibrosis and prevention of
heart failure in diabetics. In this study we
compared the effect of HIIT and CAT on
MIR29A gene and collagen I expression in
heart tissue of diabetic male rats.

Materials and Methods

In this study, 18 mature male Albino Wistar
rats were purchased from the Pasteur Institute
of Iran (Tehran, Iran), and housed individually

under  standard  laboratory  conditions
(temperature: 22 + 2 °C, humidity: 50+10%,
12-h light-12-h dark cycle), with the same
nutrition, maintenance weight (260£10 gr) .
They were made diabetic by 50 mg/kg
Streptozotocin solution in citrate buffer by
intraperitoneal injection. One week after
injection, exercises were started by 5 sessions
from low to normal speed. Then rats were
divided into 3 groups randomly.

1. Control group: The control
group (6 rats) did not participate in any
exercise program, but to create the same
environmental conditions five times a week
they were immobilized on a treadmill for 10 to
15 minutes per session.

2. HIIT group (6 rats): Each
session consisted of 25 minutes of running on
a treadmill by HIIT protocol that implemented
by Jung et al (16). The protocol consisted of:
Warm up for five minutes with an intensity of
30-40% of VO2max then four times intervals
(three minutes 85 to 90 percent VO2max
intensity and one minute recovery with 30 to
35 percent of VO2max intensity between
intervals), then five-minute cool-down with an
intensity of 30-40% of VO2max (17).

3. CAT group (6 rats): Each
session included 40 minutes of continuous
aerobic exercise program running on a
treadmill that consist of: five-minute warm-up
with 30 to 40 percent of VO2max then 30
minutes running with 60- 65% VO2max and
five-minute cool-down with 30 to 40 percent
of VO2max.

Procedures

Twenty four hours after the last training
session, after an overnight fasting, rats were
anesthetized by intraperitoneal injection of
ketamine (90 mg/ kg) and xylazine (10 mg /
kg).Then blood samples were collected, direct
from the hearts of rats and serum was isolated
by centrifugation at 3000 g, 10 C, for 4 min,
and Left ventricular heart tissue was removed,
freeze in liquid nitrogen and stored for later
analysis immediately after washing in saline.
cDNA synthesis was performed by lpg of
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RNA using random hexamer primers and full
reverse transcriptase enzyme. All materials
used in the synthesis of cDNA were obtained
from the Roche Company. In this study, qRT-
PCR technique was used for gene expression
assessment of MIR29A and collagen 1
expression. The melting curve was given as
follow.

Statistical analysis

In statistical analyzing the mean, standard
deviation (SD) and frequency were performed.
Also one way analysis of variance (ANOVA)
was used for comparing data between three
groups. Data analyzed using statistical
software PASW V.22 and P-value<0.05 was
considered statistically significant.

This study confirmed by animal ethics
committee of Tehran University (EC-00312).

Results

In this study, 18 diabetic rats in three groups
were studied for the gene expression of
MIR29A and collagen 1. Table 1 shows the
mean weight and serum glucose of rats in
three different groups.

Figure 1 shows, the mean fold changes of
MIR29A expression in HIIT group versus
control group was 2.67 (£1.02) (P-
value<0.001). CAT affected the MIR29A
expression compared to controlled group (P-
value:0.053). The mean fold changes of
MIR29A expression in HIIT group versus
CAT group was 1.79 (2£0.49) (P-value:0.034).
Figure 2 shows, one way ANOVA showed
that collagen I expression was significantly
lower in HIIT and CAT group compared to
control group (P-value<0.001) and (P-
value<0.001). One way ANOVA showed that
collagen I expression was lower in HIIT group
compared to CAT group (P-value:0.027).

Discussion
MIR29A are non-coding RNAs which prohibit
translation of messenger RNAs into functional

proteins and down regulate gene expression
(18).

Many studies demonstrated that MIR29s are
key elements of different physiological or
pathological processes (19-22). Some of these
MIRs are elevated by coronary disease, (23)
myocardial infarction (24) and heart failure
(25). MIR29A are regulated during cardiac
hypertrophy (26).

MIR29A is produced mostly by fibroblasts,
and its family members are key regulators of
fibrosis (11,27). In addition, this MIR was
found to be a key player in liver (28),
pulmonary (29), and kidney fibrosis (30) and
in systemic sclerosis (11). Moreover, MIR29A
was upregulated along with MIR29C in an
animal model of physiological cardiac
adaptation to exercise training (31)

Soci et al. showed a correlation between
MIR29A and physiological cardiac
hypertrophy compared to control group (31). It
has been demonstrated that MIR29A family
target gene transcripts that encode some
proteins involved in fibrotic responses,
including different collagen type formation.
(10)

These MIRs are involved in virtually all
cellular responses. New evidence suggested a
critical role for MIR29A in cardiac fibrosis
(32).

The severity of cardiac fibrosis and left
ventricular  dysfunction in experimental
models of diabetes is dependent on the
species, genetic background, gender and age
of the animals studied, the etiology of diabetes
and the presence of  concomitant
pathophysiologic ~ conditions  (such  as
hypertension, dyslipidemia, etc.) (33).

In both mice and rats, Streptozotocin-induced
diabetes is associated with interstitial
myocardial ~ fibrosis, = accompanied by
cardiomyocyte hypertrophy, induction of pro-
fibrotic and hypertrophy associated genes, and
microvascular rarefaction (34).
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Figure 1. Comparing MIR29A between groups
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Figure 2. Comparing collagen I between groups
One study shows that fibrosis is the leading extracellular matrix components.

cause of organ dysfunction in diseases and Accumulating studies have also demonstrated
results from an imbalance in the turnover of that MIR29 family participates in the
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Table 1. Weight and serum glucose in studied groups

Variable HIIT CT C
PR i e 276.4+16.5 250.1+13.1 238.17+17.9
Clucoei meSimeant B 502.8+10.2 518.4+13.4 577.6+11.5

development of liver, renal, pulmonary and
cardiac fibrosis. Considering the potentially
critical involvement of high glucose in the
pathogenesis of fibrosis, it would be
reasonable to hypothesize that tight glycemic
control may be effective in attenuation of
cardiac fibrosis. Although poor glycemic
control is associated with an increased
incidence of heart failure (35), intensive
glucose  lowering  failed to  reduce
cardiovascular events (36), the risk of heart
failure (37) and the incidence of new-onset
atrial fibrillation (38).

Collagen fibers are one of the key elements in
the remodeling process, since these proteins
are the main loadbearing component of many
soft tissues. In particular, collagen fiber
orientation and bundle formation through
cross-linking (39) play a significant role in
valvular tissue mechanics. As a consequence,
the architecture of the collagen network has a
major influence on the mechanical
functionality of soft tissues, as well as on
mechanically induced growth and remodeling
processes. Therefore, a deeper knowledge of
collagen remodeling will greatly benefit our
understanding of healthy tissue development
as well as pathological adaptations such as
seen during fibrosis, aneurysm formation (40)
and wound healing (41).

American College of Sports Medicine
recommended that healthy adults participate in
moderate to vigorous intensity activities with
the minimum goal of 450 to 750 MET-minutes
weekly to promote and maintain health (42).
The benefits of exercise for overall health are
incontrovertible. As such physical activity has
favorable effects on hypertension (43) and
insulin resistance (44). Namely, it is associated
with reduction of adiposity and improvement
of several metabolic risk factors including
hypertriglyceridemia, low high density
lipoprotein-cholesterol, hyperinsulinemia and

elevated homeostasis model assessment
insulin resistance index (HOMA-IR) (45).
These health benefits are evident at moderate
level of fitness, such as brisk walk for 20-40
min most of week days for middle age and
older individuals (46).

One study stated that HIIT leads to
improvements in various markers of cardio
metabolic health but adherence to HIIT
following a supervised laboratory intervention
has yet to be tested. Studied shows that HIIT
makes more cardio metabolic adaptation
compared to continuous training (46).

In this study we compared the effect of HIIT
and CAT in MIR29A expression and collagen
synthesis. Results of this study showed that
HIIT group has more MIR29A expression
compared to control and CAT group. Exercise
leads to MIR29A expression and more
MIR29A expression inhibits fibrosis of cardiac
muscles. In HIIT group more expression of
MIR29A was along with less collagen
compared expression with CAT and control
group. Collagen I in cardiac muscle leads to
fibrosis and cardiac damage.

One study showed that MIR29A regulates
proinflammatory  cytokines secretion by
effecting on lipoprotein lipase receptor (47)
their finding suggested the effect of MIR29A
on preventing of atherosclerosis.
Overexpression of MIR29 in atrial fibroblasts
decreased expression of collagen and
fibronectin, and down regulation of MIR29
increased collagen and fibronectin gene
expression (48).

Jung et al showed that HIIT is more effective
and accepted compared to moderate intensive
continuous training for prediabetic adults
(49).0Other study showed, insulin levels can
regulates the MIR29 expression, and reduce
insulin levels leads to cardiac structural
damage in diabetic patients (49). Drigney et al
showed that HIIT effects on ventricular
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repolarization indices, and HIIT might be
associated with greater improvements in
certain cardio-metabolic risk factors compared
to moderate intensity continuous exercise. (50)
Adaptations to HIIT occur with less exercise
time commitment than traditional exercise
guidelines (51).

The results of this study demonstrate, HIIT
increases MIR29A expression which is along
with reduction in collagen I synthesis in
cardiac muscles which may reduce the risk of
myocardial fibrosis in diabetic rats. HIIT is
better compatible for diabetic rats other than
CAT and it have better effects on cardiac
function. Further studies can compare the HIIT

References

1- Tabak AG, Herder C, Rathmann W, Brunner EJ,
Kivimaki M. Prediabetes: A high-risk state for
diabetes development. The Lancet.
2012;379(9833):2279-90.

2- Colberg SR, Sigal RJ, Fernhall B. Exercise and
type 2 diabetes: the American College of Sports
Medicine and the American Diabetes Association:
joint  position  statement. Diabetes  Care.
2010;33(12): 147-67.

3- Regan TJ, Lyons MM, Ahmed SS, Levinson GE,
Oldewurtel HA, Ahmad MR, et al. Evidence for
cardiomyopathy in familial diabetes mellitus. J Clin
Invest. 1977;60:884-99.

4- Kannel WB, Hjortland M, Castelli WP. Role of
diabetes in congestive heart failure: the
Framingham study. Am J Cardiol. 1974;34:29-34.

5- Gibala MJ, Little JP, Macdonald MJ, Hawley JA.
Physiological adaptations to low-volume, high-
intensity interval training in health and disease. The
Journal of Physiology. 2012;590(5):1077-84.

6- Armstrong MJ, Martin BJ, Arena R. Patients with
diabetes in cardiac rehabilitation: attendance and
exercise capacity. Medicine and Science in Sports
and Exercise. 2014;46(5):845-50.

7- Earnest C. The role of exercise interval training in
treating cardiovascular disease risk factors,”
Current Cardiovascular Risk Reports.
2009;3(4):296-301.

8- Jung ME, Bourne JE, Little JP, Newton RL. Where
does HIT fit? An examination of the affective
response to highintensity intervals in comparison to
continuous moderate- and continuous vigorous-
intensity exercise in the exercise intensityaffect
continuum. PLoS ONE. 2014;9(12):114541.

9- Russo I, Frangogiannis NG. Diabetes-associated
cardiac fibrosis: Cellular effectors, molecular

and CAT in human for use of this method in
diabetic patients for better cardiac function
and inhibit the diabetic cardiomyopathy and
fibrosis.

Conclusions

HIIT is well tolerated exercise and is effective
in MIR29A expression and by the results of
this study MIR29A expression influence the
collagen I expression which is a key factor in
cardiac fibrosis. So HIIT particularly in
diabetics can be a modality for lowering the
risk of cardiac fibrosis.

mechanisms and therapeutic opportunities.J Mol
Cell Cardiol. 2016;90:84-93.

10- van Rooij E, Sutherland LB, Liu N, Williams AH,
McAnally J, Gerard RD, et al. A signature pattern
of stress-responsive microRNAs that can evoke
cardiac hypertrophy and heart failure. Proc Natl
Acad Sci USA. 2006;103(48):18255-60.

11- Maurer B1, Stanczyk J, Jiingel A, Akhmetshina A,
Trenkmann M, Brock M, et al. A key regulator of
collagen expression. Sclerosis Arthritis Rheum.
2010;62(6):1733-43.

12- Bin Du, Li-Ming Ma, Mian-Bo Huang, Hui Zhou,
Hui-Lin Huang, Peng Shao, et al. High glucose
down-regulates miR-29a to increase collagen IV
production in HK-2 cells. FEBS letters.
2010;584(4):811-6.

13- Fernandes T, Soci UPR, Oliveira EM. Eccentric
and concentric cardiac hypertrophy induced by
exercise training: microRNAs and molecular
determinants. J Med Biologic Res. 2011;44:836-47.

14- Haram PM, Kemi OJ, Lee SJ. Aerobic interval
training vs. continuous moderate exercise in the
metabolic syndrome of rats artificially selected for
low aerobic capacity. Cardiovascular research.
2009;81:723-32.

15- Hoydal M, Wisloff U, Kemi O, Ellingsen O.
Running speed and maximal oxygen uptake in rats
and mice: practical implications for exercise
training. Euro J Cardiovasc Prevent Rehabil.
2007;14:753-60.

16- Jung ME, Bourne JE, Beauchamp MR, Robinson E,
Little JP. High-intensity interval training as an
efficacious  alternative to moderate-intensity
continuous training for adults with prediabetes.
Journal of diabetes research. 2015;2015.

17- Leandro CG, Levada AC, Hirabara SM, Manhas-
de, Castro CB, Curi R, et al. A program of

188 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 8§, NUMBER 4, WINTER 2016


https://ijdo.ssu.ac.ir/article-1-321-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-06-21 ]

M. Roozbayani et al.

moderate physical training for wistar rats based on
maximal oxygen consumption. The Journal of
Strength & Conditioning Research.
2007;21(3):751-6.

32-

ventricular compliance promoted by aerobic
exercise training in rats. Physiological Genomics.
2011;43:665-73.

Thum T. Noncoding RNAs and myocardial

18- Olson EN. Gene regulatory networks in the fibrosis, Nat. Rev. Cardiol. 2014;11:655-63.
evolution and development of the heart. Science.  33- Cavalera M, Wang J, Frangogiannis NG. Obesity,
2006;313:1922-7. metabolic  dysfunction, and cardiac fibrosis:

19- Sevignani C, Calin GA, Siracusa LD, Croce CM. pathophysiological pathways, molecular
Mammalian microRNAs: a small world for fine- mechanisms, and therapeutic opportunities, Transl.
tuning gene expression. Mammalian Genome. 2006 Res. 2014;164:323-35.

Mar 1;17(3):189-202. 34- Huynh K, McMullen JR, Julius TL, Tan TW, Love

20- Kwon C, Han Z, Olson EN, Srivastava D. JE, Cemerlang N, et al. Cardiac specific IGF-1
MicroRNAT1 influences cardiac differentiation in receptor transgenic expression protects against
Drosophila and regulates Notch signaling. cardiac fibrosis and diastolic dysfunction in a
Proceedings of the National Academy of Sciences mouse model of diabetic cardiomyopathy. Diabetes.
of the United States of America. 2005 Dec 2010;59:1512-20.
27;102(52):18986-91. 35- Iribarren C, Karter AJ, Go AS, Ferrara A, Liu JY,

21- Gantier MP, Sadler AJ, Williams BR. Fine-tuning Sidney S, et al. Glycemic control and heart failure
of the innate immune response by microRNAs. among adult patients with diabetes, Circulation.
Immunology and cell biology. 2007 Aug 2001;103:2668-73.
1;85(6):458. 36- Hayward RA, Reaven PD, Wiitala WL, Bahn GD,

22- Fatica A, Rosa A, Fazi F, Ballarino M, Morlando Reda DJ, Ge L, et al. Follow-up of glycemic
M, De Angelis FG, Caffarelli E, Nervi C, Bozzoni control and cardiovascular outcomes in type 2
I. MicroRNAs and hematopoietic differentiation. diabetes, N. Engl. J.Med. 2015;372:2197-206.
InCold Spring Harbor symposia on quantitative  37- Castagno D, Baird-Gunning J, Jhund PS, Biondi-
biology 2006;71:205-10. Zoccai G, MacDonald MR, Petrie MC, et al.

23- Carrington JC, Ambros V. Role of microRNAs in Intensive glycemic control has no impact on the
plant and animal development. Science. risk of heart failure in type 2 diabetic patients:
2003;301:336 evidence from a 37,229 patient meta-analysis, Am.

24- Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. Heart J. 2011;162:938-48.

A ceRNA hypothesis: the Rosetta Stone of a hidden  38- Fatemi O, Yuriditsky E, Tsioufis C, Tsachris D,
RNA language? Cell. 2011;146:353-8. Morgan T, Basile J, et al. Impact of intensive

25- Callis TE, Pandya K, Seok HY, Tang R, Tatsuguchi glycemic control on the incidence of atrial
M, Huang Z, et al. MicroRNA-208a is a regulator fibrillation and associated cardiovascular outcomes
of cardiac hypertrophy and conduction in mice. J in patients with type 2 diabetes mellitus (from the
Clin Invest. 2009;119:2772-86. action to control cardiovascular risk in diabetes

26- Wang J, Yang X. The function of miRNA in study), Am. J. Cardiol. 2014;114:1217-22.
cardiac hypertrophy. Cell Mol Life Sci. 39- Balguid A, Rubbens MP, Mol A, Bank RA, Bogers
2012;69:3561-70. AJIC, Van Kats JP, et al. The role of collagen

27- Boon RA, Seeger T, Heydt S. MicroRNA-29 in cross-links in biomechanical behavior of human
aortic dilation:implications for aneurysm formation. aortic heart valve leaflets — relevance for tissue
Circ Res 2011;109:1115-9. engineering, Tissue Eng. 2007;13(7):1501-11.

28- Roderburg C, Urban GW, Bettermann K, Vucur M,  40- Martufi G, Gasser TC. Turnover of (fibrillar
Zimmermann H, Schmidt S, Janssen J, Koppe C, collagen in soft biological tissue with application to
Knolle P, Castoldi M, Tacke F. Micro-RNA the expansion of abdominal aortic aneurysms, J. R.
profiling reveals a role for miR-29 in human and Soc. Interface 2012;9(77):3366-77.
murine liver fibrosis. Hepatology. 2011 Jan 41- McPherson JM, Piez KA. Collagen in dermal
1;53(1):209-18. wound repair, in: The Molecular and Cellular

29- Cushing L, Kuang PP, Qian J, Shao F, Wu J, Little Biology of Wound Repair, Springer, US, Boston,
F, Thannickal VJ, Cardoso WV, Lii J. miR-29 is a MA, 1988:471-96.
major regulator of genes associated with pulmonary ~ 42- Haskell WL, Lee IM, Pate RR. Physical activity
fibrosis. American journal of respiratory cell and and public health:updated recommendation for
molecular biology. 2011 Aug;45(2):287-94. adults from the American College of Sports

30- Qin W, Chung AC, Huang XR. TGF-beta/Smad3 Medicine and the American Heart Association.
signaling promotes renal fibrosis by inhibiting miR- Circulation 2007;116:1081-93.

29.J Am Soc Nephrol 2011;22:1462-74. 43- Faselis C, Doumas M, Kokkinos JP, Panagiotakos

31- Soci UPR, Fernandes T, Hashimoto N Y. D, Kheirbek R, Sheriff HM, et al. Exercise capacity
MicroRNAs 29 are involved in the improvement of

IRANTIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 8, NUMBER 3, AUTUMN 2016 189


https://ijdo.ssu.ac.ir/article-1-321-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-06-21 ]

Aerobic training effect on cardiac muscles MIR29A

and progression from prehypertension to
hypertension. Hypertension. 2012;60(2):333-8.

44- Motahari-Tabari N, Ahmad Shirvani M1, Shirzad-
E-Ahoodashty M,  Yousefi-Abdolmaleki E,
Teimourzadeh M. The effect of 8 weeks aerobic
exercise on insulin resistance in type 2 diabetes: a
randomized clinical trial. Glob J Health Sci. 2014
14;7(1):115-21.

45- Cho YG, Kang JH, Hur YI, Song J, Lee KS.
Related factors of insulin resistance in Korean
children: adiposity and maternal insulin resistance.
Int J Environ Res Public Health. 2011;8(12):4596-
607.

46- Wislgff U, Ellingsen O, Kemi OJ. High-intensity
interval training to maximize cardiac benefits of

48-

49-

Zhang Y, Huang XR, WeilL H, Chung AC, Yu CM,
Lan HY. Mir-29b as atherapeutic agent for
angiotensin II- induced cardiac fibrosis by targeting
tgf-beta/ smad 3 signaling.Mol Ther 2014;22:974-
85.

Arnold N, Reddy Koppula P, Gul R, Luck CH,
Pulakat L. Regulation of Cardiac Expression of the
Diabetic Marker MicroRNA miR-29 PLoS One.
2014;9(7):103284

Drigny j, Gremeaux V, Guiraud T, Gayda M,
Juneau M, Nigam A. Long-term high-intensity
interval  training associated with lifestyle
modifications improves QT dispersion parameters
in metabolic syndrome patients. Annals of Physical
and Rehabilitation Medicine. 2013;56:356-70.

exercise training? Exercise and Sport Sciences 51- Little JP, Gillen JB, Percival ME. Low-volume

Reviews. 2009;37(3):139-46. high intensity interval training  reduces
47- Chen T1, Li Z, Tu J, Zhu W, Ge J, Zheng X, et al. hyperglycemia and increases muscle mitochondrial

MicroRNA-29a regulates pro-inflammatory capacity in patients with type 2 diabetes. Journal of

cytokine secretion and scavenger receptor Applied Physiology. 2011;111(6):1554-60.

expression by targeting LPL in oxLDL-stimulated

dendritic cells. FEBS Lett. 2011;585(4):657-63.

190 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 8, NUMBER 4, WINTER 2016


https://ijdo.ssu.ac.ir/article-1-321-en.html
http://www.tcpdf.org

