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A Variation in Growth Capability of Myofibers Shifted
to Incompetence as the Pathogenesis
of Mouse Muscular Dystrophy

Tsuyoshi TOTSUKA and Isao URAMOTO

Department of Physiology, Institute for Developmental Research, Aichi Prefec-
tural Colony, Kasugai, Aichi 480~03, Japan

Progressive muscular dystrophies are exclusively regarded as diseases characterized
by degeneration of skeletal muscles. Against this concept, we have presented some
evidences indicating that the pathogenesis of mouse muscular dystrophy might be a
defective maturation of myofibers®#5'6)78)9)  Recently, several studies have been published
indicating that altered development of muscles might play a possible role in the patho-
genesis of muscular dystrophies!’?’,

The present study aimed to reveal the early pathology resulting in a variation in
size of myofibers in skeletal muscles of adult muscular dystrophic mice, in order to shed
light on the mechanism behind the defective maturation of dystrophic myofibers. For this
purpose, the diameter-frequency histogram of myofibers in cross sections of rectus femoris
muscles was compared between normal and dystrophic mice aged from 14 to 32days. In
this report, an evidence is presented indicating that the pathogenesis of mouse muscular
dystrophy might be a variation in growth capability of myofibers shifted to incompetence.

Normal ( ? /4 ) and dystrophic (dy/dy) mice of the strain C57BL/6]J-dy were used. This
strain was originated in the Jackson Laboratory, Bar Harbor, Maine and has been main-
tained by sib-mating for over 20 generations in our laboratory. The identification of
dystrophic mice was done by a complete hindleg-dragging symptom. This symptom was
first manifested at 14 days of postnatal age. The rectus femoris muscles from mice were
frozen in isopentane chilled with liquid nitrogen, and their serial cross sections of 5pm
thick prepared with a cryotome (Model OT/FAS, Brite Co.) were routinely stained with
hematoxylin and eosin. For morphometric analyses, a color slide photomicrograph (at a
direct magnification of x20) of the cross section with the maximal cross sectional area for
each muscle was projected to a final magnification of about 500 : 1, and myofiber images
were traced on paper, where myofibers much smaller than 5gm in diameter were hardly
included. The diameter (minor axis) of each myofiber on the trace was measured by using
a computer (Model PC-100, NEC Co.) with a digitizer (Model KD 4030, Graphtec Co.).

The diameter-frequency histograms of myofibers in normal and dystrophic muscles are
shown in Fig.1. At 14 days of age, the diameter distribution of myofibers in dystrophic
muscles was almost normal though there seemed to be a very small number of "hypertro-
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phied“ myofibers. In normal muscles, with increasing age from 14 to 32 days, the histogram
was steadily shifted toward the larger diameter. In contrast, in dystrophic muscles the
majority of myofibers remained of small diameter during this period, strongly suggesting

30T DAY 32 Nn=2632 [ DAY 32 Nn=1588
' Nd=3237 | Nd=2639

 Dystrophic

Normal

307 DAY 26 Nn=2197 [ DAY 26 Na=2258
- Nd=2031 | Nd=2043
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' Nd=2159

FREQUENCY

30r DAY 14 Nn=2120 [ DAY 14 Nn=2427
i Nd=2336 | Nd=3170

— — 5,
DIAMETER OF MYOFIBER (ym)

Fig. 1. Age-related changes in diameter—frequency histograms of myofibers in normal
(solid line)and dystrophic (dotted line) muscles. In these experiments, eight normal
and the same number of dystrophic mice were used. Each histogram represents the
result on a cross-sectional specimen of the rectus femoris muscle from a mouse. The
total number of myofibers counted to obtain each histogram is given as Nn (normal) or
Nd (dystrophic muscle). The frequency is expressed as percent of the respective total
number, Nn or Nd.
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that the “hypotrophy” but not “hypertrophy” of myofibers might be characteristic of
dystrophy. However, larger myofibers though minority tended to continue to grow. Conse-
quently, one can see distinctly that the histograms of dystrophic muscles at 32 days of age
are markedly shifted to the smaller diameter compared with those of the normal controls
and trail a long skirt solely toward the larger diameter. This indicates that, against the
concept prevailing widely that the very large or “hypertrophied” myofibers were “dis-
eased” and in a pre-state of degeneration, larger myofibers would be “healthier” or more
growth-competent than smaller ones.

In thinking about the mechanism behind the “hypotrophy” of dystrophic myofibers, of
great importance though paradoxical will be the existence of actually “hypertrophied”
myofibers in dystrophic muscles which are much larger than the largest one in the
corresponding normal muscles. One can see, in some of the histograms of dystrophic
muscles, a very small number of such “hypertrophied” myofibers. The existence of these
“hypertrophied” myofibers could not be explained without difficulty by assuming any
simple growth-inhibitory mechanism. For example, one may postulate that an abnormal
increase in connective tissue observable in skeletal muscles of adult dystrophic mice
prevented the myofibers from growing. However, this can explain the “hypotrophy” but not
“hypertrophy” of dystrophic myofibers. Alternatively, to assume some defect in the growth-
control system would be favorable for the ekplanation of the existence of “hypertrophied”
myofibers. Under such a defect as caused a disturbance in the growth-control system,
it would be likely that only a few dozens among a few thousands of myofibers happened
to grow over the normal upper limit”. As yet we have no conclusive remarks on such a
defect. However, as a possible mechanism, it might be assumed that an elevated cholesterol
level would be responsible for the defective growth of myofibers in dystrophic muscles®’
as previously discussed in detail elsewhere®.

It was concluded that a variation in growth capability of myofibers shifted to incom-
petence might be the pathogenesis of mouse muscular dystrophy. To reveal the cause of
the variation in growth capability of myofibers might bring about a great advance in
knowledge of the etiology of muscular dystrophies.

We are extremely grateful to Dr. Kimi Watanabe for her breeding animals. This work
was supported by a research grant No. 61571086 from the Ministry of Education, Science,

and Culture of Japan to T. T.
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EBR, MESRROGEOMEYREF D,
FIBE 5 2 EARE SRt

W £ FORBRESFIRIC & D TR « BHOR
SR (F28)

REHREE, FHR E WEEEE ik B, #-4
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)

LIRTe + O TRRMAR « B35 BE R e
BOATEREOWT, REH BRI EHTHR
Reil Ui, 52 R E55100Hz, 200 ps O%EH
BEERYE 2 lo3vic, RHHEITIT EHE (40~50
ms) &EPR (70-80ms) i kB X . ERINEERS 1T
BB IERIG O KEHES R, A, B
ARBME DB MR G-2 # — v &R Lic, RINGERIICE
W, AR RS EIRES B\ IENEE TS S
b, MU ORFEIC X b B8RO AR N R S
T ERFRE NI, — TR O KRR LR
JEfG & b o EEw R T A S IR RL
7.

SEOHE TR, B— MU v ihe, MU ORRE
DET X B0 AR OB BT - 7. KH
il MU 22\ C, 8l fdss MU © 5% 6 filic, 15
PIDEH MU D 5 H12GI IO JT il K4 -2 % —
vHARB bR, —TRRED MU o\ T, )
A, BEHNL THEETEL. hbllfio 5
B 8 fIl TILERIE MU & 3 3 O I8 18I R SHER) B
PEEIR. ZOZ EXEREDO MU o, &
FfE MU &0 EBIANFRVPFEET 5 2 &
BRETHLDOTHS.

15. 4 L:EBFRENSEERIC & 2 FHEEFINRY
RoLHMH okt

ERERIT, FHAE IR bk, Sodn)

BBV RIBE, ERE O B E ~ , €V
T HFEE LTSS AVCORTWAEN, <h 751
DT FEFIRO BRI DV T F TSR
AR T, B EARF AR A, EBRETT
BONRIBE 1T - 7B BRI & 4 5 T AL & 2EM
Tk L, ZOMMHEROSIENEL YRk, FI
=y e A BUNEEE A, 023 ) BORIERE
Z X 11508 % 333 Hz 12TV, FIBGHRALIE s

RRAHY ==+t v g

P 1. 5v heJAFICHITIBIMIRBLEIBED
Post-tetanic Potentiation

e, AH B, BOEE GLREX, $—4
)

(BRY) v 7 AR L, RENHES 2
%, —EE v T AEENRHET D B 51X, Post-

w & 711

ENBEEC X Vo ~—+ v 7re2 T ot DI
A& BRBEBIC LS EMGEE%, B 65X A
ATt BUNERB A 200 ¢ FIAT 5 BRFIE L,
FREEIEO EMG %5 4 © 2 b L CRBIFMOME
F—xbte=frea v —2~AAN L B
T -2 R FROCMBL, 7574 » 7FZFREF
AU CHBSROSIBRS HE i Lic. FORSE,
OMBHRIEBVECRELEL, IBFZ htKk
E, HETHISHVC L, OFDOB—HrEMET
I X 218 B ALTZERIT A 5 L, BEOHIC
X HIERERI A - CHAT B Z &, QRN
T E U O RS RERLO S\ & &b

- 1.

16, RABIEREEFIBHEZSEFT D £ FOEEHEEE
DESRIRTT

A E BERNE, Y, fRE—, FRRE
B* X, 248« R aREY
KISHTBRIETE FRif D, WRETE % bl &35 BT
CREXHFT B e o, FOEEREE O A EH.
EEMBHEZT 7. 3SHDEBEFIOWT, ORIG
ISERH, OREMFEER T 5 BB TR &
HE, OFIEHGSEIED V R ATEEE, @OEBOLE
BEROWREEELTN, TOREINFMET 7. £
BEIOBITCEF KR —F e A yFH - Few=
Ca G VALABIOTF 4 AT VAR ) — vk <7
VIV . — R LY AT ARV, FOR
BEEHTL L, OFFMC X5 KGNS, &
AR LSS B\ CEB LR bhi.
QR EFEMEBBAAIFOEEME 3 X O R
i, EEHEREPLOXERE XL, @F —
FRLEED V X A JEBGED) T, FEWHREZEOHAN
Robhic. @F - LBIEDIEF % H 5o LdED
LU OREC X - Th, BHERMOEMmIARD
T, WRIERD A LR DEALH - 7.

tetanic potentiation (PTP) & LT&IbR T 5. $E
X, PHEEED PTP 3, H=ADORBTHELIOS
y P OBRIEE A CTHNShTERD, WA
P s\ T PTP 25 LicliEi 457, 4
Blhhbhi, Ty Fe I 2B, MIMNIRE
fiz (m.e.p.p. ) JHED PTP 2B ML R L, +0



712 ¥ A

kinetic property DEH & 1T -~ 7.

(5 91 A2—%7y POREME—T 2§
EAw G, TOMENEEE S MRNEINERE
CXh mepp ¥EIFE LI MHECEBREREN
Br bk, TOFHD me pp. FECEILEIEL
o, 2 V¥ 2 — 2 BB X b, PTP otime course %
4¥i L, %@ magnitude D parameter X B L.

(&5 1) m.e p.p. HE D PTP Dtime course (3,
fast component (augmentation) & slow component
(potentiation) »» ¥ % double exponential curve %
Bl7. 2) PTP omagnitude 3 KEMB O F¥6ihks
B FE LOEAL, ¥RBUARES 100Hz 0L &
BALicot. 3) HIREL (e.p.p) 2WHE h iz
REETIE, PTP 4 Ul ote.

P 2. EAEy MEBRESKFNTERBHEROE
gICHEIZEE

KH ®, HF#H
)

SFAR GO R, < VS H oMk b
BEKROWTHRE IR TE DT, EWFHEREN
OHBEE A~ DHBOWEN L OBERE L T30
FRLMRTHLEN DS, APRE T, EXRHE
52 TEHE (Lo) hof 2 nBECEME 2 ¥, BIE
LA, MEBGER > DRARESEL &KRO
i L RO EHEOBRE R L.

£&FAHDOMBEDR O FHEXL0% L LTH T
RNE— vk HEBTHE, Lo THEBLESFA TH A
BEMNh ot ZORENL, D Lo hHEML
188, BHEOVHACHIDLLT, FFAROME
HLEARFALT RUSATEETICEZERL
T3, KiE, A OEHEN 060Lo T, Mg
BEROEGRCERALTEH L, Hiclo~
20% &K DEGEY FE» T\ ic. 2% D, HIRES
B L BT A0, T OEBTTEEMRLA OER
CrvEmIhstELbhD. —7, FHOEHER
MO052LokzBE, MEOEZT4~5 BB L.
¥, LRAOMENL, PMEicERBCERT ORI
WNLT, HRAEERL > TRALTC . 2%h, M
Ja B g OEMRE A E DA Uiy, HlEORHES
Thbr ek b, LAOEMREEHTLELDN
5.

A B OEH GUREX -4

W &

P 3. ELEv MEBEHICHT D GABA OfFH

AR GLIREABERLAR, 43H)

PR HEROMHARGEYEE LTHL R TV 2
GABA 3l Bepy iiEsEric b BH SR BT L0vb,
HLEER O MEERASEEC S W T EERKE %
BLTWhEEZLRS.

FERTIE, TAE, MEBEBOSBHREACKT
5 HEESEED & HEERS, BREAsC3 5 GABA @ fE A
OWTHE L. .

GABA (0.01~1 mM) i3 H§ FHEHAEET) O FAIE
B E X To S,  HEE TR RE R HHE L
fo. Eio, HEEMEWREGEA K L CR3bichhigE
BodkR Ui, ZOfEERE TTX OfF7ETH
417, LaL, GABA (0.1 mM) it # A3 2 — il
BHEESERD S L O Ao 3 — A DRI R LY
WL 5.2 eh o,

Llbdb, eae ., iSO EES T %
GABA DO #HIfEFIEEP IR LN T BB fE A &
EZxbhb., i, COMEfFRREELT=2Y VE
Btk b B EEL OIS GABAs V&7 & —
CAEALCT7 s =a ) vOBEIFH IhaZ &I
XBLHEEINRS.

P 4 BXEEEMEORSARMBIAEIRG UKL
RO ET L ZOREXDEE

BRI, KEEEY F EFE WIEX, $=
PIRE o MBJIEER, AR

Ric % F R TR B R E MR W TRIB R
DOIRBAST, B IORODMBRMEDOET & T OREKR
BRE L. EBRIILY A4 A% —RHEHES » b (200~
350g) AV . =— FAKETCEE L, BRI
309 free-HRP %¥% 5 pl HEA L. HEABLILS »
Pk D ThENRRE D B EREEA K. HRP {EA48
B, J o PRI VT X A EREBTCER EE
U2 iR b i Uie. i 50 pm DGR & L,
TMB ¥ TG, ventnal ned Tx gufath, Bk X
U5 I BAMES CHIZ Lic, RIARIRRI R i T f
HcRETE . BB LR BEEAMCR\WT,
FROREREFREMUBEACTHF L O Eie
BESEASTIRECEAOAAET, &8, BMAR
EASITRECEANO AR SH LT e, Rk
B OWT RSB &, BIBEEAGICIREMO LR &S
B, B AF TR AN OEME MU,
FRBIEFRFREHERE LS A Y, R



ES S
B TFTL, ERDIEBAELES LT

" P 5. Carbachol ON&ANMBEATHRS 1 3
IR D NB B R IR RS O BRI

REAK, KHEER, F K¥E (BIEKX, $=24
)

IRATETES AT 20BN x = o W Al 15 @5
#% (PoO) = Carbachol (long-acting cholinomimetic
agent) HEEAT B & FRIEEL AT O FHEE X IR
55345, Z OFFRiL Carbachol {E A% 3 LA THE
L, LM LRSS 5. AP Tl o fRREES
BT 5 N TR R T L e, Z D e ®
Carbachol s ADHINGT 5 AE (EIRERE 20 um) %
PoO (P1~3, LR1~2, H-2.5~4.0) kHA L, %D
ICHER <A 7 r< = . v— &% T Carbachol
BN (1.6 pg/0.1 pl~4 pg/0.25 pl) TEA Lic. BEA
LB PoO Mt X O TRl s & 843 % IiEH
B iRt faRe% (Ge) ik, Carbachol & ATH
I HHFBEWTHOFBTETT LT REEEI 2
Ih, WK Ule. — B M A o EBfilR(MN)T
1%, BRI L TOEBML ORI BH~DOB
TN PR G 1T % X O bk B o 1 3
Bobhl. Ehic Ge MO REHEE T % 5K 5
B IOREN o-MN DEEM A FEMEA (Spike-trig-
gered averaging) T5& itk v > 7 AR EM
(IPSP) 23808 T& 7o. = h b OR#KIE, Carbachol ¥
ALY a-MN v 7 ABIMEHINE = &, £o
1>0 Source & LT Ge HlaRhFohd s &R
w35,

P 6. EROEXMEIEBHFEICEITDA « HO%
#H OB (HRP LERALT)

BE®R, KHER, T840, BEAK & K
(BIEX, H4EH)

AF5E TR ~OEE I H MR 2B LT\
BIEHOE AMEAEREEECER L, OB
DIIEHA R X, Z OB b T % ket
OEREHER LN Lie, £+ 2 o—flEX
Wil M T o A EBE L VT HRP %%
KRB HEBTEA Uke.  TEAGORISIREY T <H)
WEREREEL MEiEHrLIHL, Ththo
BfEEEE) (50 pm) BAERL Lic. Y)RE TMB 35T
Bt Uic. EABM AR 2 RS 5 B 1 M i
W, PR IR 2 TH Al D BRI SRS L

» & 713

T, FREATO L BT 5 EMGHET, EA
D PIIRER FRRTE 3 X O hic B 5 MBIE I A
R & AR SHU O AIRER SRR 2 BE L. oh
D D FFHER BB CRMB ORI « BfUER & Kol o
FIRE T L. BT, RS IS %
L, PSREAETHE EMRABT L. 5680
KR VB A OB HE I LORER O ST, TEHIA Sl
fii £C Rexed DFEV] » HEZE e LTEV~F
KBm it 25 5Mm LT,

P 1. x3FHME - EHBEEH OERAOTT
PE%5 | #1714 HRP %% Rl T olast

BHIEA, PMHRER GLIBEX, $F4km)

LT ET, F =2 ORI « FRRZETO
BRI L, Bor 7 ARMFELRIST L,
BELCEL. Thbb, KRBERORIBIL 2 8%
DRRE AL IRD. FRBEBERORB I fLB’ R
HHNDHBDOD, ZOMHRIHUCEFREEHLED
TR R BRBIE LT,

4a, LRSS IR A~EE T8 L Cw it
HBHRO S HiE A~ B T¥TH: HRP e AT
ERETIT -l RIS 22 AV, ERER30~
40% HRP KBEWEEAL, SU~OILEEET < o o
Thy, VA TEGET, TETH»S C LigE T
DT T HRP Mo 54i% TMB %
WTEE L.

HRP S350, MR ER CIR R AR - R
TERERRNE, B ITOKBERIC %% HRP AR
B bhte, BRTER—RCSH LRERRED bh
ehote, Fio, BAABHESHCIEANE RO
ERH O P % Kolliker-Fuse ¥, {E4& &b
¥, ¥ LOMEAOMBREC SO HRP Eimias e
ZIhieh, SHUTEEE LrED bhich -1,

P 8, (- Goal-directed ;a5 /EehEFIcHIES
% Silent-period D#ZEFE

RERE=, BAEH B FGUREX fhE
KR« ALWREE K, BE43R*)

H\ Goal-directed /e REB %17 - i, =H
HEOFEHAEN DY, CORFBFCOVTULER
PWoHh S Twigv, SEHhb i SN ES)
D5 LEFHCR >N 5 Silent period wEH L, =
DI OEF MNs ~[AD 5 #i##: la~interneurones
DOET Y XBH H B0 IR % IR i<,
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FFER TR RD bR ALE E THES RFES
(Time to Peak 100ms), % 7:i3:&< (Time to Peak
300ms) BhA L (#910F), EEBVFHIEENIL HHY 60ms
#%icEh 5 Silent period T H I DOIREI % fIE Lic.
RIBLIE R (RBRI) LR (SR ~
1 ms OFIBIERE T - Fo. RBRRIBD 2 D4 Silent
period TO H I RHRF L VRS WEERLE. &
HRBAM DA Silent period © H B ZHRE X D
INXWERFE L. ZhbRERG~OTIHESH
reciprocal Ia inhibitory pathway¥ #& T X 8 i5 ©
silent period ® BB > TW A AHEM R L TV
5. XHLEBWGEBHOSE, THRELD 2~ 3 OIRIE
ERLTWE. ShbDo & bLEVEE TOHEIX
BVCBAELESZENEESRS.

P 9. SRR EF OMBHZIEE S HBERE
SR OIRE

NS P BER B EAR B OGUREX, $ET)

EHEERRY: (HFV) 2 /173 % &, normocapnia T
RO, Fiid, EPRBLLRDLZ EH, A
B TW5. 2O HFV i X BIER < 2 — v OBE(LD
2B =R aBRELMT B b, HFV [i{7 T © %
B AR 0 FE5HE D) & KB D F R b OROMEFS
EB R R EMEO S RN DR L, AEON
frEfHT L1,

PHEEAEY 2cm H,0 i2ffth, 25Hz OHFV %
HAREERTO X 2 i BfTT 5 &, WHERELTELS
HE L, BARBEEEL LR -7, REMRTNIC
X, COERLMNE L. 21ED HFV [T T Ol
HRSRBLEL Hhb slowly adapting type D&
BERZER (SA) 0= =, P REFEHVEE LR B
BHLETORMEER, B Lish i, HFV ©
AN ARDOREHTORM EEEHTORA R L bR
fo. FEEHTOZSE, HFV c X 3BEMEFEM LT
Wic, FEEHTORMAE EFERMOERERR, &
Lo, EEERF R B L. 480 rapidly
adapting type D= =, D5 HL3ETHFV © X b,
PEEM O R T L. HFV To fE 8 B
ORI, & LT SA 0B coBENES
LTWwb E#Ez bhile.

P10, BXBR_BERECLDINBEERE= 21—
O v OESHER O
MNE T, BRE— FA B GUREX, £4E)

w &

DT RR Lic = 55t (C,—Cs) ORE =
o= VY, EHORRME= - — e VLRI LA
BERE ) XAk Fkdh b, ELARNbOM
Tl SR MEEOBHR L HE L, MREED = -
— e VORHERETF V- LTWB ERREINS.

AT, TR S OMR A BBLSATE 2 b
3% 1o i, Y6 8 % (Propidiumiodide, 4'-6-
diamidino-2-phenylindol) & X % “EE#ES B W
T, WRIERYE = 2 — v vic EOFRE OBEEEA D
T A

KOBDDOEXBFY, ThZhEHD C LV
CoRBEALILEZ A, WTFhDAERS MR © I K ¥
=2 — v v (BHREMRE, IR, HE, Nucl
para-ambigualis, BCM) ¥ X U\ ROKEE, BE5%%,
FEEE O Th b OEHEOHEHE D=0 —r vV
ERORTRTWBE EVHERIhA., i, WEER
FRABCI DAL TS =0 —rvhZhbD= o0 —
v VEICEAD TR S B BRD BRI

P 11. %3 Scratch reflex [CE 54 2 ENZEH
53 D=L R-DIRHED BEFHEE)

BR¥—, B #F LREX $H4H)

FLItit, o, scratch reflex %5 | &2 o+ HANKIE
MEDZARDEEEHMZIER LA IhD &Y
#H4 Ut (Kurosawa and Aoki, 1986). SENZ X HiC,
BN L 5fit bR AR0oBEL, thbof T
scratch reflex W51 5 3 DOROHERSIEE Ok
HE A~

RO C v AT LK r =T, B
NZEED LOROUREOHFHA 1 vV 2 HERT
Bl C~Cy HBOYMIERT 7o, K TEH
{LLicHiix 2 2 AVTHEABR WE) Hlb5 -
TESPHEENZAE T H % bursella p % Wik
scapha &0 KHERECH %, Co BillH 5\ ITER
MREI S & v 7 AT VHUNERE B OROHFES
S L. R, REPE#ED ENG & X

b fictive scratching rhythm # & = % — U7-. fitE
FIBE X b FE S e 28EOREIRIGHEMZ S == b
D5 b 7TEATROEREYE T ThHD 1.6~6.0 (Fi
3.6) iz scratching rhythm (SE#94.2 Hz) 2E &,

Z hi non-rhythmic 7asR.ObEFHHIEBIF b W
. BNSEFOBRSIBC I VRET DA 75
O L GEF#RENOHE IR hbROME= =
v F DEEEELE, 18~51 (P 35.5) m/s TH oic.
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FNEIIPREZTELEER

H W BEf61E7 A5 A(4)1 :30p.m~3 :30p. m.
% B (D¥&EATevs 5%
WiE%E ERER, Wik & iU, BE AEHELER

1) AiEZSEHFoVT 4) ol Ao FE—ETCEROHE S|
RESE VARSI, THEEE, BREIFCLENDZ ERER LI
2) FAFERIETOWT
HFRER I VEERAOBRERDCRHBLRHY, % WEAA © BBAN614E 9 A27H (+£)
TcEE363% 45, 36% 5 BIREGRSUETER L. 2 :00~4 :00p. m.
3) s=viE.—PETFEOHRNLIH, T, (B 255172 v & —SE S\ TR T E

DI ERBEE T EMERZYV A7y T L

The Japanese Journal of Physiology
REZESZEOEHERT
WEFN584E 4 A 6 A
1. JIP FERELXTROL0RFERCN LEH I 1ZORAC X » TR I 5.

O # 4 B (6) H % B4 H
@ R R4 R (0 &F, Ml
@ B, @, HibsE ® B K o4& =
@ " % 4 H O 7B " 4 H
G " o W 4 H (0 &/ &E 4 B

2. REZREOBBIROFHREL L - TTH
a. WEBRELACBWTLEOLAFHBEL, SEORABHELYFHREOFNALENL, Ch
T eFR R EBMT 5.
b. £FFFERI LELOMEFER L ) HOOFFIGHCBED & 5 FIEFER=>UA2EY, £
WHOFEENHEA 1L 2RATHRETS. FHEBECHSCTHREEORISVEL S » TER
E1%. A—BEEOLON 2HU LOFHEIEEBRFLOBRIC X » TRET 5.
c. MEFZRARIMEZRDOELEC LS.
3. AEEEOEMITAE T 2EFOERBE L LEALY I E LT\, BURERBEDEY
24 LEEEZRDE.
4, FEZRCEINIL 0N, ROMELOMOEEC X VIREEH LT LBV L9
LTI EEEIIE, MEZRERRESOBLR URTER T ENTES. RITFOEH
W EFRREAOFRTAHM LT 5.
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(EEZO[R5)

HPOFELLTORBLE=a— > - 17544

Lo OWT, RA—RBFABFEOF EE BN
L, & &EIBLRBRMEPERLERDLY, BERY
B EEVAROERE LU TR bV EDE
fo. & DETH, HA-RRTBEFEOHER, AT
EEEAED VIR ERBEOFELEFRNLIDOT, X
h—BICE, FERFROBERLEDSELHE Y h
W, EETAEBRENESRRTHAVHET, B
PRBELTEL0THS, Lind, B0EEROC
BELIREBELTRINLELL I HRCE, AR
DEFE BRSNS BLELDES Y. ZOR
BRinD, -tV a2 VRO EHGEEY, ZH: "Bl
he DERE—E—BELTW3HACE, EBWLEC
LUTEE BT LE Y ANRVIES S E W5 BEH
FINNTHIH, KOS EHEBEMLTHE 5. EH
OFREN BB L DK, HREEY EM iz I RE
Cichind, AEF 2 SbULORERX AN L TREY
FHLISELT HHEAELLOKRDOER TD
5. ZAKETY, FlaiEl~v ) FOTELFHEY
EArEBRE, =79 VERE»L, BERS,
WA HBERSLTEEN v BROHES K,
BITHED XL 5REBDENOARER LD THS.
a e EL RS LORRBASE, HBHVIEFAD
FHEASIESEWEOFECTOLEEAETHHS
PEBTRELORS 5. OThice &, BELo
HHERBO—DOMNAY a v THBN, HA—KKT
BRSO FEERBATHELD - DELT, ZOKH
fbEvd AeEREHTTRLS.

L L, BEtxBRTHETERL, bhbhik
T NT A ADHRT, YATARERLEL
HHEVIEEF AL LTI A 5 hs. HIFEMOES
L H\EE S, BT T L mnT (B, 53
632-639, 1983) %5 Ul r — ¥ ViZ, X, a ZRELH,
B2 —sEETHE,

x(t) =0 (a, x(0)

] S T

LTy, ML EERES Z OFCERS
RTEY, ThiCX > THEMHEL L WP
FADERTLLDODOEMELHREL, THLEVYAT A
DMUMD, HEERENIERBERI X » TRIES
RT3 EBRNT, FLTT ¥ E—i%, EDX
5 AT AERTEEVAT ARERT AL
TRBHEERCSN, Z0O&XTAT 42— 2 BEHY
fEBz EBBNTie. Thbhoz &k, bhbiuk
HitiFELBLRDPPDLLT, THRBERA T X
1 ADBRTHERNEEIT-> D EREHRT B
55, KRk Ee, BEIXRIPCL T h
b, BEEOBEETED IS RERTEEYAT &%
EBHT A0, OFUITFEHCEVIR L TRV
A 5D
HOTHRF ) vk, FXbhicMeELVEHR
RO FAHRERKTHHEMAEE V5D OB B »
. Hx bhi-AR& ¥ hbEHL, TOoMEEl
R TE R & R LT BRRE 2 UEH
ek B, 0 X5 RESMOEEN b S EHN
SRk ¥, RUEH SN ORS 5 h LB S
OB EMNHEBLS S . HERBEIRCSE
BIHRERLTOBREO—0THH O, EDLD
RS FChh, RBEKENLHEHRZLTES X
570 A — FORTOBEELOBRD, BERART X
STEFBRTWAD XS EMNIRWIES 5D
HEAE, BohbELSZEEXBLT, ABORE
WREMED B LSRR ORI, RERRT 54 7T
4 §RRERY I R AMBORGRP, ABDOEMOH
HExkFLHOTHHN, BEFERLEEEITThS
&%, BERE—~A—ADERCZFTIED THDLHHE
NIWEEA 5, £ LT MENERTHEE STV
BV HDON, HBEWIED XS RERKT
VAT ARERLI> ETHOREV s 2T &
%, Boehr AL TR RERbRWIEAS S,
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HAERZEHRELTHS
JRRRAEGIE  BEFN614E12 20 A (L) MHAIRH L ET TR 7.

AAATYS AALBYAENRERAS
ZARE A B #H

SBEh—FEC20VTEHEEWL

BRo#fr-2%, 2KACHBHT I X5 BRI LE L, REBOGHET
BohET. KFECRTTEOXRABOER L 30T, EJWERETISHL
BEVELLET 7. FM5E48% 8 5 666 KA ST .

AARLHPLEER

BEHRHMD

RFIO0EERAEBEOBRBVET IS VWETOT, n‘sskaboﬁmzt%ﬁ%fw:?ﬁ]ﬁfﬁ%Té
WET I REVWILET.

AFEEFLQRIAHKDBEHEN

IBFI614E &% 6,000 [ % BHRAARHEE Iod BV W LET. AFEESERMOHIT
i, IBRIRBAKEARMALTHY ET. BOERE, BFIRECRREOHELER LI
BT RALRT IV, ALDOEEII1B~12H Lics Tl 7. BEFOBHA, W
EERAEET IV R LI P BHEHOIAZIBANARAE X HEHLy & —T
T BEEVORWE S, BEVLWLET.

B AR & % 4&
T3 FRHORRARS-30-10 Al
B/EE(03)815-1624
PR O EER T 3-86430



718

(fRfkR)

b+ 2AOFEDERD AR TOEREYK L,
TR TREDOBRCOWICER U bhic. HELEANI}
ENBBEROBEERD TCEAZHNRS X5 ThHS.
FITREBR LchBER (FLOI L) OBE¥IL
E#ltdzt—%BuH L B3P PLEEL
TEE®IALTALY . BERROABEHRIY
141C, FOBERTZHARLT THAB. - TF
KHEHSORBOBANLETIE, BAERDOH6
N2 HABEMLTLES > Einins. AADE
¥, B3 CTBERORECH D, BEIAESL T
v ETHIEC RS L BADERART 5 DHE
& LTCESYEARR TRV, L0 BARTEX
1) ERKEOEOAFEELH IR, RHNENMT
WD FHRTUmMN L TETR LV LoFEEHE
LEZ I Mo TWBFEEXAFEIRS., T2 HD
EABRCERKEYETS. 2) HAOERELEH
Brdh o THRE, BAAREE L F— 22 FLRP%

B EED, £ THERADEZED Ui R—i
5. 3) BECEBILRES, BERCORVY
59 —FHT. FHrThETERBOLENE FoT
EHERYETATCHS. 2D LR LTHARES
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Shifted to Incompetence as the Pathogenesis of Mouse
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