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The Research Progress on Ameliorating Diabetic Cardiomyopathy via Exercises

FU Yu', ZHONG Yuanming?, LU Yi'*

(‘Fujian Key Laboratory of Developmental and Neurobiology, College of Life Sciences, Fujian Normal University, Fuzhou 350117,
China; *School of Physical Education and Sport Science, Fujian Normal University, Fuzhou 350117, China)

Abstract DC (diabetic cardiomyopathy) is a myocardial disease caused by diabetic homeostasis dis-
order, which is one of the main causes of death in diabetic patients. Its pathological features are heart structural
damage and dysfunction, which lead to heart failure. The pathogenesis of DC is complex, including a variety of
mechanisms, such as metabolic disorders, mitochondrial dysfunction, Ca*" homeostasis imbalance, and exces-
sive apoptosis and fibrosis of cardiac myocytes. In recent years, several studies have proved that physical training
has significant effects on the prevention and treatment of diabetes. In addition to the beneficial effects on systemic
changes associated with diabetes recovery, exercise ameliorates multiple metabolic dysfunctions in DC. On the
one hand, high systolic activity of the organism during exercise can directly recover cardiac injury caused by DC
through accelerating cardiac metabolism and cardiogenic structural damage repairment. On the other hand, exercise
can indirectly alleviate the pathological development of DC by reducing circulating blood sugar and fat as well as
increasing insulin sensitivity. However, the molecular mechanism of how exercise mediates DC recovery remains
unknown. To provide a clue for the development of new therapeutic strategies, this study reviewed the current mo-
lecular mechanisms on alleviating DC by exercises.

Keywords exercise; diabetic cardiomyopathy; Ca** homeostasis; metabolic disorders
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Exercise prescription

Moderate-intensity training
Long-term exercise training
High-intensity training
High-intensity training
High-intensity training

Long-term exercise training

Long-term exercise training

Long-term exercise training

Moderate-intensity training
Moderate-intensity training
Moderate-intensity training

Aerobic interval training

Moderate-intensity training

Long-term exercise training

Low-intensity training

Long-term exercise training

Low-intensity training

High-intensity training

High-intensity training

High-intensity training

Alloxan-induced diabetic

rat

Fibrosis decreasing

glycogen deposition decreasing

Myocardial hypertrophy and col-

lagen deposition decreasing

Feik 1679
=1 ZHEzhAERHEDCILBEIh EE TR & RIHLH
Table 1 Multiple exercise modes promote cardiac function recovery in DC

IGIVIRIES UiFin=4as WFFLE R EEBUN

Object Design Result Reference

STZ induced diabetic rat Metabolic regulation GLUT4 up-regulation [34]

ZDF rat Metabolic regulation AMPK activation [35]

Diet-induced obesity mice Metabolic regulation Oxidation of glucose increasing [21]

STZ induced diabetic rat Metabolic regulation Glucose oxidation and glycolysis [36]
rates increasing

Diet-induced obesity mice Mitochondrial regulation Mitochondrial proton leakage com- [21]
pensating

STZ induced diabetic rat Mitochondrial regulation Mitochondrial ultrastructure im- [40]
provement

db/db mice Mitochondrial regulation PGC-1la and AKT signaling activation ~ [41]

STZ/diet-induced obesity Mitochondrial regulation Mitochondrial OxPhos levels and [42]

mice membrane potential increasing

STZ induced diabetic mice ~ Oxidative stress regulation MstI inhibition [43]

Diet-induced obesity rat Ca’ homeostasis regulation Ca”" sensitivity increasing [15]

STZ induced diabetic rat Ca’" homeostasis regulation SR Ca*" leakage recovery [48]

db/db mice Ca’ homeostasis regulation Type-1 Ca®* channel recovery, trans-  [49]
verse (T)-tubule density increasing

db/db mice Apoptosis decreasing Cytochrome leakage decreasing [53]

STZ induced diabetic rat Apoptosis decreasing Phosphorylation of C-Jun N-termi- [55]
nal kinase decreasing

STZ induced diabetic rat Apoptosis decreasing Propylene glycol decreasing as [56]
well as SOD, GSH-Px and catalase
increasing

STZ induced diabetic rat Apoptosis decreasing Endoplasmic reticulum stress inhibi-  [57]
tion

STZ induced diabetic rat Fibrosis decreasing Blood pressure improvement [58]

Diet-induced obesity mice Fibrosis decreasing Mmp?2 level and collagen degrada- [21]
tion increasing

Diet-induced obesity mice Fibrosis decreasing Blood glucose and myocardial [60]

[61]

STZ (streptozocin); GLUT4 (glucose transporter-4); ZDF (zucker diabetic fatty); AMPK (AMP-activated protein kinase); PGC-1a (peroxisome prolif-

erator-activated receptor gamma co-stimulatory factor-1a); OxPhos (oxidative phosphorylation); SR (sarcoplasmic reticulum); SOD (superoxide dis-

mutase); GSH-Px (glutathione peroxidase); MMP2 (matrix metalloproteinase-2).

Llﬁﬂ‘LﬂvﬁW%u&%mi

DCHJ L

LKL AN T e 7 d

H DR O e

ABEEAR
0B 1 B (AMP-activated protein kinase, AMPK)[1) 7%
R

WHERY], izshth rrE i fe it AMPE

AT 10 A 23, LA B S A R ARAHE 5 il B 1
DUAE, d5 2T O LR 5 05 1) R e ] ) B A A4
4(glucose transporter-4, GLUT-4)/& — M52 i 5 215 5
RIS _b A, FLnT a4 o J LA S PN R 2 R T
s IOk Z 5re 800 . 78BN B ST T,
o LR B HE_E GLUT-A) &5 sl b, ] 41 B e i AN A
FA3Z2BH, AT B0 NETeA Rk e ERY. s3]
(e BEGLUT-47K~F- T, AT P 52 400 i P e 6 40 3

15 RAR B IR B 2R A T 1R 7 26 A 1P
EINERIZ AN, KBS SIS R /N R b, 34T s
FE BT Ia Bt n] B O U &R A, BaR O URY)
38R, TE4E IR 25 2% (streptozotocin, STZ)i75 51
B PRI K B, 18 B0 YI 5 ] 14 056 267 b e AL RO T A
2R, A IR O UREA R R FEARET, 183t T- 1k
S0 PR PO I R 3 D ) AR B ET R IR AR L R
HENEH, T R4 B BN, 183
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The upward arrow represents promotion and the downward arrow represents inhibition.
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Fig.1 Pathological features of DC and the mechanism by which exercise promotes DC recovery
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