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Effect of combined endurance and weight training on muscle
morphology and oxidative enzyme activities in human skeletal
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Abstract The purpose of this study was to investigate the effect of either endurance training only or endurance
and weight training on muscle morphology and oxidative enzyme activities in human skeletal muscles. Fourteen
healthy males were randomly divided into one of two experimental training groups, either swim exercise training
(n=7, ST) or combined exercise training (swim and resistance exercise training; n=7, SWT). The change of
muscle fiber type was not significantly different between ST and SWT following 6 weeks of exercise training.
Mean cross sectional areas as well as the numbers of capillary of different types of muscle fiber were not also
significantly different from baseline for both exercise training groups (p>.05) although the tendency of increase
were more notable in SWT. All oxidative enzyme activities (i.e., B -hydroxyl acyl dehydrogenase, citrate
synthase, and carnitine palmitoyl transferase) were marginally higher in SWT compared to ST even though
statistical power did not reach the level of significance. Based on these results, it was concluded that
performing of combined (swimming and weight) exercise training could be the better modality for improving
muscle morphological changes and oxidative enzyme activities than performing of only single aerobic exercise
intervention in young healthy human skeletal muscles.
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[Table 1] The characteristics of subjects

Group Age(yrs) Height(cm) Weight(kg)

ST 20.4+1.0 178.2+4.6 65.7£3.2

SWT 21.1+1.2 174.0+6.6 68.7£7.3
Values are meanstS.D. ST, swimming training: SWT,

swimming and weight training.
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[Table 2] Mean distribution of different fiber types after 6 weeks of training program(%)

Type 1 Type Ila Type IIx
ST SWT ST SWT ST SWT
Before 37.1+£19.4 39.1+11.0 30.9£14.6 35.6+11.9 24.5+11.6 25.1+11.1
3wk 43.3+6.8 445129 38.6+7.8 35.3+8.7 17.9+7.2 20.0£5.5
6wk 40.6£11.2 40.4+12.4 38.2+11.0 37.0+8.5 21.249.6 22.5+9.1
Values are means+S.D.
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[Table 3] Mean cross-sectional area among different fiber types after mono-type and combined exercise of training(umz)

Type 1 Type Ila Type IIx

ST SWT ST SWT ST SWT

Before 5568.7 5869.17 5679.4 6475.87 44652 5483.7
+673.4 +500.1 +730.7 +670.1 +1308.2 +566.4

3wk 6006.2" 5221.0" 6387.8" 5697.8 5236.5 497322
+669.8 +614.7 +628.0 +1415.9 +479.5 +632.6

ok 5094.2 6270.3 5836.5 6423.4 4896.2 5372.0
+080.3 +1156.6 +1264.3 +1006.5 +984.1 +549.3

Values are means+S.D. "Significant difference between before and 3 weeks.

ﬁSigniﬁcant difference between 3 wk and 6 wk.

[Table 4] The changes of capillary numbers surrounding muscle fiber types after mono-type and combined exercise(um’)

Type 1 Type Ila Type IIx
ST SWT ST SWT ST SWT
Before 42+19 4.6x0.4 3.7+1.7 3.8+0.3 3.2+1.3 3.5£0.3
3wk 4.7+0.6 45405 4.4+0.4 4.1£0.4 3.7+0.3 3.5+0.5
6wk 4.4+0.7 5.4+0.4 4.1+£0.7 4.8+0.1 3.4+0.6 3.9+0.9
Values are means+S.D. HSignificam difference between 3 wk and 6 wk.
[Table 5] Different diffusional area in different muscle fiber types after 6 weeks of training(um2)
Type 1 Type Ila Type IIx
ST SWT ST SWT ST SWT
Bef 1256.2 1275.5 1441.0 1507.2 1398.0 1407.3
erore £273.5 £102.4 £375.2 £204.6 £443.8 £226.4
Iwk 1134.9 1167.9 1270.7 1381.6 1289.1 1552.0
+548.3 +164.1 +611.7 +207.5 +650.3 +235.6
6wk 1146.2 1154.7 1408.7 1291.7 1442.4 1365.7
W +203.8 +173.5 +204.4 +250.6 +164.9 +215.1
Values are means+S.D.
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