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Relationship between insulin resistance and skeletal muscle characterisitics
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Summary

Insulin resistance is a recognized characteristics of several disease states including
obesity, non-insulin dependent diabetes mellitus (NIDDM), essential hypertension and
atherosclerotic cardiovascular disease. In addition, metabolic factors, including
hypertension and abdominal distribution of body fat, indicating elevated risk to develop
cardiovascular disease, NIDDM and stroke, are frequently seen in cluster. Several
studies have demonstrated in human and animal experiments that risk factors for above
mentioned diseases were also significantly associated with fast-twitch (FT) muscle fiber,
especially FG(IIb) fiber. It is, however, proposed other mechanism for the development
of obesity and insulin resistance. In this review, we firstly focused on the
pathophysiological mechanism of insulin resistance, role of skeletal muscle characteristics
on the development of obesity, and the relationship between insulin sensitivity and
skeletal muscle characteristics such as biochemical and histochemical profiles, and
capillary network. Seconderily, we summarized the role of skeletal muscle
characteristics and capillary network on improvement of insulin sensitivity after physical
training. In summary from previous studies, capillary network and/or metabolic profile
of the skeletal muscle such as ratio of glycolytic- to oxidative-enzymatic activity rather
than muscle fiber composition were more strongly contributed to the development of
obesity and insulin resistance. There are many human and animal studies that physical
training improved whole body- and skeletal muscle-insulin sensitivity, hyperinsulinemia,
metabolic profiles of skeletal muscle, and capillary density. Recently, Suwa et al. (Am. J.
Physiol, 271: R432 R436, 1996) developed model rat which have genetically higher levels
of % FT fibers. To evaluate the effect of muscle characterization on fat accumulation
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and insulin resistance, many informations will be given by this model rat.

Key words: Insulin resistance, insulin sensitivity, skeletal muscle characterization,
glucose transporter, physical training
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Fig. 1. Su:(r);mary of the relationship between syndrome X and deadly qual-
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Fig. 3. Model depicting the influence of 2 differents skeletal muscle fiber

composition on the level and metabolism of serum high density
lipoprptein cholesterol (HDL—c)QS). Individuals with high percentage of
slow-twich (% ST) muscle fibers have higher lipoprotein lipase
(LPL) activity in their skeletal muscle, and can use more fatty acid
liberated from triglyceride (TG)-rich lipoprotein than individuals with a
low % ST. Catabolism of TG-rich very low density lipoprotein
(VLDL) is an important factor in the production of HDL-¢ (HDL2-¢).
(A) The influence of slow-twich (ST) muscle fibers on lipid metabo-
lism. (B) The influence of fast-twitch (FT) muscle fibers on lipid me-
tabolism.

N-HDL, nascent HDL; LCAT, lecithin cholesterol acyltransferase, HPL,
hepatic lipase; CETP, cholesterol ester transfer protein; CE,
cholesterol ester; TG, ftriglyceride; FFA, free fatty acids; IDL, inter-
mediate density liporotein cholesterol; and LDL, low density lipop-

rotein cholesterol.
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Fig. 4. Relationship between insulin-stimulated glucose transport and per-

centage of ST fibers (n=28)"".
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Fig. 5. Integrated areas for total glucose
metabolism, glucose storage, and
glucose oxidation during the basal
state and during the 1- and
2-mU/kg/min insulin clamp experi-
ments performed in combination
with indirect canrimetrym).

*n<0.01 vs baseline, **p<0.01 vs.
1mU insulin clamp.
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Fig. 6. Whole-body glucose uptake (total
height of bar), glucose oxidation,
and nonoxidation glucose disposal
in control, normal weight diabetic,
and obese nondiabetic subjectsm.

*p<0.01 vs. control.
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Fig. 8. Ratios of phosphofructokinase (PFK) to citrate synthase (CS) activities
(A), glyceraldehyde phosphate dyhydrogenase (GAPDH) to CS ac-
tivities (B), hexokinase (HK) to CS activities (C), and glycogen phos-
phorylase (Phos) to CS activities (D) in the lean nondiabetic, obese
nondiabetic, and non-insulin-dependent-diabetes mellitus (NIDDM)
subjects%). Rank order for each of these 4 ratios (NIDDM>obese>
lean) was highly significant (p<0.001).
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