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FUNCTIONAL AND METABOLIC ADAPTATION OF THE RAT DIAPHRAGM

TO AGING AND COMPENSATORY INCREASED ACTIVITY

EMIKO SHONO, SEIKO YAMANO and HIROFUMI MIYATA

Abstract

We examined age-related changes in functional, morphological and metabolic adaptations of
the rat diaphragm muscle to compensatory increased activity. Forty-two male Wistar ratd] 6, 48
and 100 weeks after birthOwere randomly divided into controld CTLOand compensatory activa-
tio] CACOgroup$]l n=7 in each groupll In the CAC group, denervation surgery in the hemi-
diaphragm was performed to induce compensatory activation on the contralateral hemi-diaphragm
muscle. Four weeks latef] 10 weeks, 1 year and 2 years after birth[] isometric contraction prop-
erties by in-vitro physiological measurement, fiber type composition and metabolic properties

0 succinic dehydrogenasd] SDHO 3-hydroxyacyl-CoA dehydrogenasé] HADOand phosphofructki-
nasé] PFK[Mwere analyzed by histochemical and biochemical procedures.

In the CTL groups, significant prolongations in the contraction and half-relaxation times
were found in 2-year group, as compared to 10-week group. This age-related changes were attri-
buted to changes in muscle fiber type composition; selective hypertrophy in Slow-twitch Oxida-
tive fiber. In 2-year CAC group, as compared to age matched CTL group, significant improves
were found in the half-relaxation time, SDH activities in each fiber type, HAD and PFK activities
of the diaphragm muscle.

These results demonstrated that the aged diaphragm muscle has a tendency toward slow
muscle in functional and morphological properties, and that the muscle has a high adaptability to
compensatory increased activity, at least in metabolic properties.

O Ipn. J. Phys. Fitness Sports Med. 2005, 54 : 121~1320

key word : aged diaphragm, contraction properties, metabolic properties
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Table 1. Mean value of body weight at denervation surgery and end of experiment in each group.
CTL group CAC group
10-week 1-year 2-year 10-week 1-year 2-year
Surgery 186+11 596439 60196 186+10 594+£37 604+75
End of exp. 284+13* 604440 597494 282+]12% 606+40 599+77

Values are means=SD. CTL : control, CAC : compensatory activation.
*: Significant difference from body weight at surgeryt] p<<0.050
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Fig. 1.

Samples of twitch force curve in contro CTLOand compensatory activatiord CACO

diaphragms in 10-week, 1- and 2-year age groups.
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Table 2. Isometric twitch contraction properties of diaphragm muscle at 10-week, 1- and 2-year rats.
CTL group CAC group
10-week 1-year 2-year 10-week 1-year 2-year
PTT (N/cm?) 6.6£1.5 8.0+1.6 59425 7.1£2.0 6.8+2.4 7.8+2.1
TPT (ms) 53.2+6.2 75.3+11.1° 69.4+10.7° 512453  63.8+17.5 60.6+12.1
RT), (ms) 57.0£10.9 66.8£13.9 75.8+12.3° 58.549.5 56.3+£5.6 55.4+8.1*

Values are means =SD.

PTT : peak twitch tension ; TPT : time-to-peak twitch tension ; RT;,» : half-relaxation time.
% Significant difference from same age in control group] p<<0.050
a : Significant difference from 10-week rats in same group] p<<0.050
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Fig. 2. Specific force-stimulation frequency relation-

ships of diaphragm muscles in CTIO closed circled

and CA{ open circlelgroups in 10-week, 1- and
2-year age groups.
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Fig. 3.
in each age CTL group. Dark and light stained fiber indicate slow-twitch oxidativd] SOO
or fast-twitch oxidative glycolytidd FOGOfibers and fast-twitch glycolytidd FGOfiber,
respectively. White bar=100 um.

Histochemical images stained for Succinic dehydrogenase of diaphragm muscle
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Table 3.  Histochemical properties of diaphragm muscle at 10-week, 1- and 2-year rats.
CTL group CAC group
10-week 1-year 2-year 10-week 1-year 2-year
Fiber cross-sectional area (um®)
SO fiber 960+146 1071£97 1255+161° 1106+106 1021+£71 1134+104
FOG fiber 1072+154 1225+116 1350+239 1263+183 1203111 1305+115
FG fiber 24294362 3286+505° 2756580 2649+504 32574340 33234466
Fiber type composition (%)
SO fiber 35.0+£2.8 38.243.2 42544 .5° 40.7£7.7 43.3+6.4 41.543.7
FOG fiber 43343.6 36.6x3.7° 36.0+6.6 37.5+12.4 27.8+10.1 33.0+7.0
FG fiber 21.7+43 252452 21.5+6.4 21.848.5 28.9+4 4 25.546.8
Relative area of each fiber type (%)
SO fiber 254431 24.5+3 4 33.3+6.1*° 30.4+73 25.8+3.8 27.145.2
FOG fiber 352433 26.9+4.7° 29.84+6.8 32.1+12.4 19.74£7.6 25.1£7.7
FG fiber 39.4+4.5 48.6+7.7 36.9+7.1° 37.6+13.8 54.5+6.9 47.8+11.8
Values are means £SD.
#: Significant difference from 10-week rats in CTL group] p<<0.050
P Significant difference from 1-year in CTL grout] p<0.050]
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