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Adaptive responses to endurance training in different regions

of the rat plantaris muscle
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Abstract

0 O The purpose of this study was to investigate adaptive responses of proximal and distal regions along the longitudinal axis

in the rat plantaris muscle. Cross-sectional areas’] CSAO and succinate dehydrogenasel] SDHU activities of each typed fiber

in individual regions were determined after J weeks endurance training. CSA of each typed fiber in both regions were

increased by endurance training. However the CSA of fibers in distal region were greater than in proximal region of trained

muscle. SDH activities of each typed fiber were increased by the training, but that of type. I fiber was not increased in the

distal region.

0 O These results indicate that recruitment of motor units is dependent on the compartment region and that the adaptive

responses of different regions in the plantaris muscle are not uniform.
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Fig.1. Schematic drawing of the plantaris muscle. Dotted lines
indicate the levels from which cross-and vertical-sections were
taken of each muscle.
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Table 10 Body weight, muscle weight and relative muscle weight
in control and trained groups in control and trained

groups

Cantrul Trained
Bedy welght () 174 17914
Musele weight 17202 IHEES
{ i)
Helutis e muscle 172412 R34S
weighijme TSIt W)

Valups are sseans 250
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Fig. 2. Cross-sectional area (SDH) activity of each typed fiber at
proximal and distal regions in the control and training plantaris
muscle. Values are in mean * SD. *Show the significant
difference to control fiber in aech region. [J Show the significant
difference to control fiber in proxinal region.
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Fig.3. Succinate dehydrogenase(SDH) activity of each typed

fiber at proxinal and distal regions in the control and training
plantaris muscle. Values are in mean + SD. SDH activity,
Optical density(O.D.)/min x 107, *Show the significant
difference to control fiber in aech region. [J Show the significant
difference to control fiber in proximal region.

O Controll] [ m Training

oobooooooooooooobooooooooo
ooboooooooooooobooooooooon
oobooooooooooooboooobooooon
ooboooobooooboooobooooboooooo
oobooooboooooooobooooboooooo
ooo"™oooOo0oo0oooooOoooooooOoo
O0OODeRuiter 1" 00000000000 0OOOO
booboobobOoboboooboobobooboono
oobooooooooooooboooooooooo
oobooooooooboooobooooboooooo
ooboooooooooooobooooboooooo
ooooo
ooboooooooooooobooooboooooo
O

oobooooooooooooboooooooooo
oobooooooooooooooooboooooo
O00o00oooooooPeTE™ss 0 oooo0ooon
oooboobDoDOooOooOooospHOOOO0OO00
oobooooooOoooooooboooboooooo
ooboooooooooooobooooooooon
oo
ooboooooooooooobooooboooooo
ooboooooooooooobooooboooooo
ooboooooooboooobooooboooooo
O000O0Sakuma 0™ 000000000 OOOO
oobooooooooboooobooooboooooo
ooboooooooooooobooooboooooo
ooboooooooooooobooooboooooo
O00ooo0oUooOooUoooooT™mUoooooo
ooboooooooooooobooooboooooo
ooboooobosOoobooOoooooobooooon
ooboooooooooboocoooboobooooboboooon
oobooboooboooosoHOOOOOOOOO

coboooobooooooobooobooooan
moooooooobooobobooobooooboogo
oooooooooooodgn S-FR - FI - FFO
00o00o00ooDoo0ooooo™ooooooooo
cooooooooooooooMubdoboooono
cooMubOOooooooMubOoooooooo
Ooooooooo"oooouooouooooo
cobooooooooooooboooooooooo
0000000oooooOooooooooooss=g
oobooooooooooooboooooooooon
oobooooooooooooboooooooooon
ooobooooospHOOOOOOOOOoOoOoooo
ooo*="00000000000no0ooooooo
oobDo0oooooooooooooobOooooboao
ooboooooooooooooooooooooon
oooooooooooooooooooooooo
oooooooobooooooooooooboooD
ooobooooooooooooobooo

ggooood

coooooboobobOobobobobooboonn
cobooooooooboooooooOooobobooon
cobooooooooooooboooooooooo
coboooooooobooooboooooooooo
coboooooooooooooooooooooo
oooooo™™*ooo0ooooooooooog
cobooooooooooooboooooooooo
coooooooog

oo o oo

[0 O Bawa, P., Binder, M. D., Ruenzel, P. and Henneman, E. O]
Recruitment order of motoneurons in stretch reflexes is highly
correlated with their axonal conduction velocity. J.
Neurophysiol. ,[T10 [0 O : [TTIETT.

[0 [ Chilibeck, P. D., Bell, G. J., Socha, T. and Martin, T. OO
The effect of aerobic exercise training on the distribution of
succinate dehydrogenase activity throughout muscle fiber. Can.
J. Appl. Physiol.,[1J0 O O : (141,

0 0ODe Ruiter, C. J., De Haan, A. and Sargent, A. J. OO
Physiological characteristics[] of two extreme muscle
compartments in gastrocnemius medialis of the anaesthetize rat.
Acta Physiol. Scand.,[1TI00 O O : [TTHIT.

00 De Ruiter, C. J.,, De Haan, A. and Sargent, A. J. OOT00
Repeated force production and metabolites in two medial
gastrocnemius muscle compartments of the rat. J. Appl. Physiol.,
00 0 0 -0+,

0 O De Ruiter, C. J., Habets, P. E. M. H., De Haan, A. and Sargeant,
A. 1.000100 In vivo O X and O B fiber recruitment in
gastrocnemius muscle of the rat is compartment rerated. J. Appl.
Physiol.,[100 O O : (T4

0 0 Gorza, LOMOTTOIdentification of novel type [ fiber population
in mammalian skeletal muscle by combined use of histochemical

myosin ATPase and anti-myosin monoclonal antibodies. J.



oooooooooooooo

Histochem. Cytochem., (OO : [ITETT.

[0 00 Henriksson, J. and Reitman, J. S. OOTTIO Time course of
changes in human skeletal muscle succinate dehydrogenase and
cytochrome oxidase activities and maximal oxygen uptake with
physical activity and inactivity. Acta Physiol. Scand.,[TJ0 0O O :
[ERfEEN

Jooo0ooooooooOodoo ooooooooooobo
goooooooomooooooooobooooooo
oooooooo.

[0 O Martin, T. P, Vailas, A. C., Durivage, J. B., Edgerton, V. R. and
Castleman, K. R. [OTTIO Quantitative histochemical
determination of muscle enzymes: biochemical verification. J.
Histochem. Cytochem.,[I0I0 : (ITT4HTTT.

MO Proctor, D. N., Sinning, W. E., Walro, J. M., Sieck, G.C. and
Lemon, P. W.JTTTIOOxidative capacity of human muscle fiber
types : effects of age and training status. J. Appl. Physiol., [TJ

000 .0maTm.

[0 Sakuma K., Yamaguchi, A. and Katsuta, S. JTTTI[ Are region-
specific changes in fiber types attributable to nonuniform muscle
hypertrophy by overloading? Eur. J. Appl. Physiol.,[T] :[TTJETT].

00O Schwerzmann, K., Hoppeler, H., Kayar, S. R. and Weibel, E. R.
OOTO0O Oxidative capacity of muscle and  mitichondria:
correlation of physiological, biochemical, and morphometric
characteristics. Proc. Natl. Acad. Sci. U.S.A.,[10 :[TT11- 1T,

Mmooooo,0000.,0000.,0000,0000,000
000Onmo 0000ooooooooooooooogo
gooooooooooooopoooo 0 -OoOdE.

Mmooooo ,0000 ,0000 OO0 oooooooo
goooo0oooooooOooooOoooooooo .o
goooooooo o .o

0O Tamaki, T., Akatsuka, A., Tokunaga, M., Uchitama, S. and
Shiraishi, T. OO Characteristics of compensatory
hypertrophied muscle in the rat: 0 Electron microscopic and
immunohistochemical studies. Anat. Rec.,[TT] : [TTJETT].

[0 Takekura, H. and Yoshioka, T. OTTTIO Specific mitochondrial
responses to running training are induced in each type of rat
single muscle fiber. Jap. J. Physiol., (1] : [TT14TT].

[0 Vanden Noven, S., Gardiner, P. F. and Seburn, K. L. OOT10
Motoneurons innrvating two regions of rat medial gastrocnemius
muscle with dffering contractile and histochemical properties.
Acta Anat., [T : [T,

ooooomoooooddoooooooooobooobooono
oooooooooooooo .ooooboobooooog,
[ERHENNER

[0 Walmsley, B., Hodgson, J. A. and Burke, R. E. OITTIO Forces
produced by medial gastrocnemius and soleus muscle during
locomotion in freely moving cat. J. Neurophysiol.,[1l [J CTTTI-
1.

[0 Zajac, F. E. and Faden, J. S. OO Relationship among
recruitment order, axonal conduction velocity, and muscle-unit
properties of type-identified motor units in cat plantaris muscle.
J. Neurophysiol., 1] : [(TTTI4TTT].

uobomooomoooo



