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ABSTRACT

Type 1 diabetes patients often suffered from exercise-induced hypoglycemia
especially, nocturnal and delayed onset of hypoglycemia after exercise. In the present
study, we characterized potential mechanisms for the development of delayed onset of
exercise-induced hypoglycemia in type 1 diabetes by performing animal studies. We
assessed the blood glucose levels and glucose metabolic pathway activation over time
in streptozotocin (STZ) injected rats, STZ rats with exercise (STZ+EX), and control
rats with exercise (CON+EX). Moreover, samples were taken at 1h, 3h and 5h after

exercise in three groups, and was used for microarray analysis.
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Although blood glucose levels of STZ rats and CON+EX rats did not differ
significantly before and after exercise (0 h to 5 h), the blood glucose levels of
STZ+EX rats were significantly lower than those of STZ group at 3 h (P < 0.05).
In skeletal muscles, Akt phosphorylation level and GLUT4 translocation were
significantly increased at 1 h in both CON and STZ groups and were lowered to
negligible levels within 3 h. In contrast, in the STZ+EX group, Akt phosphorylation,
and GLUT4 translocation was maintained by 5 h, indicating sustained glucose
metabolism in STZ+EX group. In microarray analysis, 447 genes of insulin signaling
and 79 genes of type 1 diabetes were found in this study, and selected 3 genes which
may concern GLUT4 regulation, especially Oncostatin M (Osm) and signal transducer
and activator of transcription 3 (STAT3) were increased at 3h and 5h after exercise in
STZ+EX group.

In summary, we showed that a single bout of aerobic exercise induced prolonged

enhancement of GLUT4 translocation may be involved in the induction of
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hypoglycemia.
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11 The effect of a single bout of exercise on plasma
glucose level
White square: CON+EX, White circle: STZ+EX, White triangle: STZ
CON. *P<0.05vs Oh, T P<0.05vs STZ. Values are mean + SE
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Oh 1h 3h 5h
e ——— | C— D e G | o —
-_— — - — e
5-
® % *
S 4 l * T
=
5
5 3
8
[%}
g 29
Al
Al
S 1
o]
0-
Oh 1h 3h 5h
K3 The effect of a single bout of exercise on level of
GLUT-4 translocation

White bar: CON+EX, Black bar: STZ+EX. Gray bar: STZ with insulin
treatment. * P < 0.05 vs Oh, T P <0.05 vs STZ. Values are mean + SE
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# 1 The pathway name, sum of detected genes and p-value
which compared between CON+EX or STZ CON and STZ+EX

PathName sum Amum
of pvalue

PI3K-Akt signaling pathway 336 0.0000
Pathways in cancer 400 0.0000
FoxO signaling pathway 136 0.0001
Glutamatergic synapse 115 0.0003
Adherens junction 74 0.0004
p53 signaling pathway 71 0.0007
MAPK signaling pathway 259 0.0009
NF-kappa B signaling pathway 95  0.0010
Apoptosis 141 0.0012
Serotonergic synapse 125 0.0025
AGE—RAGE s1.gna.11ng pathway in 104 00031
diabetic complications

Fatty acid metabolism 54 0.0035
Biosynthesis of unsaturated fatty acids 29 0.0040
Rapl signaling pathway 217 0.0059
Cholinergic synapse 112 0.0072
EGEFR tyrosine kinase inhibitor resistance 82 0.0081
cAMP signaling pathway 197 0.0087
Jak-STAT signaling pathway 151 0.0124
TOII-like receptor signaling pathway 97  0.0169
TGF-beta signaling pathway 86 0.0179
B cell receptor signaling pathway 74 0.0182
Cytokine-cytokine receptor interaction 221  0.0226
GnRH signaling pathway 93 0.0244
Calcium signaling pathway 188 0.0262
Cardiac muscle contraction 81  0.0369
GABAergic synapse 90  0.0383
PPAR signaling pathway 82  0.0392
TNF signaling pathway 110 0.0482
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