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MM EEERLAE, 51, Bo5hmMmibE %
Incubation medium I2°T 7545 I2H ML, BRIKE I
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L7z (F2). WEBHHICBITAMOCT A Y7+ — 4
1Z12® slow type myosin & 32O fast type myosin T
B ENTED, BEAKIEIZZ o TMHC T A4 V7 *
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MOEAE MHC2b, MHCI 2/ B S, BT v M8 X 0%
Ty NOY ¥ AETIZADOMHC 7 A V7 5 — 255
B e oA MES AL, BT 2d AN R S N, E#ET v b OB
20 - —h— e Al < AL, AR 2GR A AR AR e R
M - BFEETIZMHC2b 253 < 2 0, MHC1 & MHC2a 2% <
i 45 | et S A7, FBRICEE T v b OB D MHC2b A%
[i:1] ~ o N
1 MY, MHCI B 3 7zs
f' 10 r SEEENI2MHC 7 A4 V7 4 — A2 TSI %
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[0)
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A UERT v b, B R v b, R2 #EIIBTDHEEMIC 7 A Y 7+ — 5 0%{L

X3 KEIIBUT LMY 4 TS X O LR R E R O 2L
F SAL
A GA i Aol et RPN it

I REAERLRL e %

SO 350 + 28 34.1 + 105 425 = 45" 400 = 108

FOG 433+ 36 37.0 £ 116 360 + 66 324 + 98

FG 217 £ 43 200 = 177 215 + 64 276+ 75
AR T AR e

SO 959.7 + 1466 953.8 = 1489 12554 + 1612 7 8866 = 2104 *

FOG 10722 + 1542 12140 = 1202 % 13495 + 2388 ' 10146 = 1106 *

FG 24293 = 3624 14510 = 2361 27558 £5796 11606 = 1349~
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LV B OEEN (p<005).
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R4 FEIZBIFBEMHC 74V 7+ — AHEEOZEL (%)

1 Eih
DETN e A RS P %
MHC1I 194 %20 338 +08% 277+537 208 %107
MHC2a 234 %20 421+75% 216 + 29 20+78%
MHC2d 487 =48 223+ 110% 448 + 66 276 +75%
MHC2b 85+ 70 18+24% 58 53 0505

I = AR .
TV x ABLOAEE (p<005).

T EMT Y POV AL OFEE (p<005).

v, SNV FolkFEER4IZT LD BT v MC
BWTE, Yy AL B L TR CMICLS X
O"MHC2a O FE RN & 2 AUIfTRE L 72 MHC2d 8 &
O'MHC2b DA DSBS SNz ERT v MIBWTIX
MHC1 THELELIIED S dh - 7255, MHC2a®

¥ & MHC2d B £ " MHC2b DA & 74 il 2538
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AfFRIZ, HEET v b (Q0ME) EE#T v b Q4
i) DWEITB T, B RO ORI MR BRI
& 5 AR REEOZEL, QERIC X 2 HmREEo
BALOBENE ST HI L2 BE Lz, Z0fE, ©
iR BRI 35 CREREY - EE R EMEAVR X 1
7o UL, QT v MIBIFAELIEERT Y o
ZFREFELD, Mk EREEOB LI EE L &
FL2EEZONS,

1. BB 52
FAPERTEOFMIGE L OEEBKR T (Pl 48) T
OREIL, EET v MIBWTIEREE IS Wimisiss
SN, FRICL B HEND L L OEBE ik
Bbhz, £/, ko v b TIIERPE D IOAERRD
PEONTH, HRELBRLTEEL, ¥ v 28 L HANE
MEOBMICHERLETIRDON LD o7, LEL Y,
KRBT DHEARETNVOFRMOEE L -72D
DEEZ D,

2. BimhREmkha o414k

— RN BRI 2R L, IR S ARBAEN R D @
REH L EIMECTREBIREBICHRVONZEICED Y
D, F IR R R AR HRRIRE DR SRk 4 2
BTHEU D, BEMIGY V2 EFEORTICE-T
HLBY, §i8 o GHEBEDRTIEARE GHONS
YA NBIEL B, ARFECHER L BT 7
Wi, MOFEMHET VRTS8 7 OB THFIC
ME SR, HEHICTITTRENRDOREVY, B
BEFNVELTE MM SN D FEIZLEHEL IR

L, &7 2B K, WEH~OMERELERT 5
EFNT, ZOLAIEFRAMER T I O R 2 I
IHORIEN LB EERIET O, £, vy
A I B LTI IR SRAME AT AT R S AT T % 3 (kA
HEUBEHESRTVE?,

MR CHEME L 7A€ 7V DR T v M T
13, FREE & IR X L7 R R B A 1 B T A
RUIBRBO L I A THRINS L) HEmb s 3R
B, IUHESRE & L C HIDRER ) R0k I R F,
IHERER R0 172 s O IE R, TERBNEE & L CRhiHE
R HIRG (2 351 B SO MHE D ZFa i & FOG B i
K, FCHAMEDOEWN L EMA RO NIz, F 72, IS
Y7 OMFIIFEBE D fastest MHC T3 5 MHC2b R
MHC2d DT &, ZHIiZfES slow MHC TH 5 MHCI
& Y 2 M & 5D MHC2a O M 9 22 823320 &
N7ze TDSDSPAGE 230 #E R, FGHMEITEN
LEMPELIZEVTLERTHEEEZONS, T
Thbt, HNICEH TR TW5S MHC2b 3 X FMHC2d &
HHEOWLHEL, £MHCHEBE RIS MHCL R
MHC2a OHIXE I A I L2z L RS b, Th
LI DLATIIZE L 1TIF T A RMTH Y, Birh
BB EALAE Lzt # 2 5N 5 22 D EoskR
EMAELTEZDE, BARICE Y FGHMED EERIL
fg s v 82 T B MHC2b & MHC2d DGR AHIH] £ 1
7202kt L, MHCI & MHC2a DA BT HERF F 72 134
R, HIRRIZEGILICE SR EZbN5, ZRHD
FKELTUTO3IHNEZOND,

FBLUCAML Yy FOMBTH S, Zhan 52 iz 4F
DRI B TH OB MEE%Z £ L, sonomicrom-
eter # AV CRBEMFHRBEOZ Ly FOREL ZE
L, MERRERE I vh 08B C LA R G A R D 5 % D
BARARECELTWAZ EERELTWSE, T b
A A AR B 52 L2 et Uk BV BRS JE  UA S BRI A b L
FaRGIERBI L, TOHE SOMMED T ZEMOMH &
FOG#MEDIHIER & v 5 R e b2 5 &k L2z
DOHhb LN, BT4E, FHICBITAMA ML v 5§
B DNA OEE 2 RET 28 X 2 5 5, MEOEEL
ZRF clos R cjun DFEH, ZOHITH B EWIEE
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H+T&H 5 myogenin % EDOHEH, S HIZEHHERK Y ~
NI THAIF Y /RT77F v OBETHEINE TS
T EDRE ST 0 REFSRIC 5 TR
FREAS Ml OMBRELIC L > T2 D X 9 RfEH % 2T T
-AREMAE Z DS,
2R R AR IS BT A R R o BEE T H
5o ﬁmﬂMizﬁwﬁMMWMEMrW%hhb i B s
g e e il TR LT\ b, JOMHIZEIT A8
B F AR S AR R B B 4 T AR S L, R RIS 5
v N OFGEHIHIRRICEEERETLZo»S Lk
Vo Mivata®™ 512 BB AE I BR 2, 231280
RN CTHMBELEIES o TR L 2L Ty
B0, ARIIBWTIMFEYREZ4EFELTEY
THAl A & DO MR L E AT SR SNTREED £ 2 50
WCHERRIE & v S R ISR T 2 o0 b Lk
Vi, +ﬁﬁmﬁk IZMEOYESEETH Y, AEIRRH
%W-émmﬁ@%%ﬁio\ﬁﬂm E L3 oA &
ﬂﬁ?%é# EAIMAE R IR R b S s vwb
N5, Borisov b‘)) F4r ATy PEEAL,
B MEREIREO L T AMICBT A EEEIMNZ LD
HiE LT, 9 AMHICBVTIE Type IHMTEE L
MENDH O, HEEELED BHILE REINLEV) 2
EERBITTWD, FNOHOI &M SBMEHREIZ BV
THBHIMAEERED S L, EBHHHECBT 2B im0k
o lzDdd Lt
UFOENPEZONLD, LOERPFICHELT
WLDN, Fiz, WMIZESTZEEAESLON, Thed
FH LB E LGB L 720MIAT
HY, BOLRLBHUPLETH S,

3. NI X B AR R O & Lo &

ENTiE bwf%ﬁﬁﬁlﬁ@ PRI LI E RS
vy NEEWMT v POMTRLR > Tz, HiliT v M Tk
BBk R R B 2 470 & T, MRS B0 B L
MaoE I DA T R U — AR R O MR, SO #if DA
& FOGHRAM O MEKR, FGHME D EM, MHCIZHBT S
fastest MHC @A & slow MHC O BEMATEED 5
Nize —7, Wi v M TIEBME X ) I L L
T HIMEIRTT S BAGRIRR, 1/2 MM ICB W THE
LAERRDON Lo . RIS LT SOMMER
FOG &4k, FGRHEDT T OFBMERBEZIC BT
AR 5N MHCOMMWIEHEIIB W T
fastest MHC T& % MHC2b %> MHC2d D& F &, Zh

{Z4ES slow MHC Td %5 MHCL & B2 EE % 5o
MHC2a DA HIBEIN & v S B LA S iz,

B R L B A GRS O L E LTEmM T v
FCIRBEIGERDICH B T8RO sk o7 L

PLERT v FOBMREIBOY T T/ DIELDE
HREL, PEMELTEALE Yy AL IR L TRE

ST LTW, COEKE LTIEERT v MZBWT
REENRKE WD E B2 bz, REEL,S L
WEXNBZHPEHT v MIBOTREAEMIOES DX 5K
X<, AUERT v M THERLOEATZD DR ERIL
WO L OMPEREL TR E 2 5N b, FOR;
BOREEIICBOT LIRS D E BN o TR ZWvh
EBRbNL. T, HIGEREEICBW T HELAR
DOENLGhoTe SHIEERT v M2 TSN L S
Bz &R LTBY, BT v b OEDGHRIEH &
DHAEIEL Tz, ZOBICERT v MIbw
Ty vy WBF LR E OMICEB R AV E LR o7z
DOTE RV EEDNL, ERT v MIBWTHET v
FERE CHEA L NIT /2 HHARR I IO B 2 b
SNLhotzZ & & SOMME, FOGHAE, FGMHET <
TOMBMECBOWTARICERT LA L THL. 1724
FEWERICIE Ca® LY A A & v ) i /NAR O B REDSA
XL G LTEY, ShoOBARERERER T AR
THI/MIARBERE B % RIT L7275 Eim7 v MIBw
f@%ﬁz&ié 2o LW BRI E 2 DB AR
MiRR B B 2RGS0k e LTE# T v P TIE
SO A HE, F(x;ﬁ%%ﬁ, FGRHET R TomEMIcB VT
B ERAE ZITIE T Lz, 202 8idBiadx7zA -
v;%ﬂ%vﬁ%%mﬁjhﬁ T 2> © O AR A

ST BRI TRz, TRTOMmMHE
THEM LR ARIE X NS,

BRI ILE 7~ 7 OERAREDE U e - 725 UA
BIEBICHEETHAN TH LI EBEZ BN, IIE,
McBride® 13, ﬁb%ﬂ%%ﬁﬁbt“vb@$%%
REHE % BRI AT L, BT v M %
PR T A BUSEOIK T & ﬁ*tfmé “m
B Al A I I 12 130T A S oG PEAL & 7R 9 c-fos %2 c-jun

DIH, FoBIELHERNEER - TH 5 myo
genin %2 KD R A b Loy FIEZEF v VAL ORI
VUETHDL RIS,

AFIEDFER, BIEH & LT O RIER ML B
12 BT SO M o 25 & FOGRRFE DA & v 9
YRR e AR bz 72, SIS BLAERRRRIE
DR AR X A HLEIGED O, BT v b
TIEERIR O ED D > 7= DK LT, ZfT v P T
T RTOFGEETERZ AL, FHOEOIT AT~
DOFLOENE LTz, 2oL ) IHRNTED %
DA Ul o REIRE LT, ERPREOH
MARNL Yy FIZEDLDTHENEEmORMYED 5
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The Effect of Aging on Functional and Morphological Changes
in the Denervated Diaphragm Muscle of Rats

Hidetaka IMAGITA, PhD, RPT
Health Sciences Major, Graduate School of Health Science, Hiroshima University

Yusuke SAEKI, Emiko SYONO, MS
Department of Biological Science, Faculty of Agriculture, Yamaguchi University

Osamu YOSHIMURA, MD
Hiroshima City Counseling Center for the Physically Disabled

Yoshiko TOBIMATSU, MD

Department of Health Sciences, Hiroshima University of Medicine

Hirofumi MIYATA, PhD
Department of Biological Science, Faculty of Agriculture, Yamaguchi University

The purpose of this study was to investigate changes after denervation in rats diaphragm. Old
(2-year, n = 16) and young (10-week, n = 16) male Wistar rats were used. The unilateral diaphragms
of eight rats in each age group was denervated by cutting the phrenic nerve at the cervical level,
and sham operation was performed on the other eight in each. The undenervated side diaphragms
of old and young sham rats were studied to investigate the age-related changes. Four weeks after
the denervation, isometric contraction properties, fiber type composition, and expression of myosin
heavy chain (MHC) isoforms in all groups were observed. The changes caused by denervation were
observed in each age group. The difference of the changes was compared between old and young
groups. After the denervation, in the young rats, the area of slow oxidative (SO) fibers were not
significantly different from those of the same age sham group. Further fast-twitch oxidative glycolytic
(FOQG) fibers were significantly larger than those of the same age sham group. On the contrary, in
the old rats, the area of SO fibers and FOG fibers were significantly smaller than those of the
sham group. The changes caused by denervation were different depending upon the case of the
young rats and that of the old rats. The characteristics of slower muscles in the diaphragm of
young rats after the denervation were considered to be due to the effect of the stretch stimuli

caused by the respiratory contraction of the contralateral diaphragm.
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