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PREFACE

Following thelast ProceedingsoftheAnnualMeetingofMuscularDystrophy

ResearchGroup，1978，1979，HCurrentResearchinMuscularDystrophy，1980”is

Published．

ThisvolumecontainsnotonlytheabstractsofthepaperspresentedattheAnnual

Meeting oftheClinicalResearchGroup ofMuscularDystrophyin1980，butalso

SOmeOftheresearchwo止sperformedduringpastthreeyears・

Meanwhile，arealprogresshas beenmadein the nelds ofthegenetic，Clinical，

morphologiCalandmetabolicaspectsofthediseaseandthismayleadtotheunder－

Standingofthefundamentaldefbcts．Still，Wehavetoemphasizethattheseandother

discoveries，Whiletheyaresignincantlyadvancedandcertainlyveryencouraging，are

bynomeansfinal．

Lastly，I as the chairman of this Research Group，WOuldliketoexpressmy

Sincere appreciation to the Ministry ofHealth and Welfare，NationalCenter for

NervOuS，Mental and Muscular Disorders，and MuscularDystrophyAssociation of

JapanforpersistentnnancialsupporttothisResearchGroupforthreeyears．

MythanksarealsoduetoDr・H・Sugita，theco・editor，Whohasmadeitpossible

topublishthisreport．

KazuoMiyoshi

March，1981
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EARLYMORPHOLOGICALCHANGESINDYSTROPHICCHTCKENMUSCLES

YoshigoroKuroiwa，SllinjiIshimoto，IkuoGotoandMichiyaOhta＊

DepartmentofNeurologyandDepartmentofNeuropathology＊，NeurologiCalInstitute，FacultyofMedicine，

KyushuUniversity，Fukuoka

Wepreviouslyreportedl）thatearlymorphologiCalchangesappearedinPLDmusclesatlweekafter

hatchingandthesechangesbecamemoreprominentat3weeksafterhatching・Thistime，WeStudiedthe

CaVeOlae on the plasma membrane surface ofthe superficialpectoralmuscles at various stages after

hatchingincontrolanddystrophicchickens．

Materialsandmethods

Weusedthesuperficialpectoralmuscles，Whitefibers，Ofcontrol（line412）anddystrophicchickens

（line413）atlday，1weekand3weeksafterhatching．Forthefreeze－fractureEMstudy，themuscle

specimens示ere routinely fixedin2．5％glutaraldehyde and cutinto1－mm Cubesfollowingfixation．

Then，theblockswereimmersedin25％glycerol．Thesespecimenswerefrozenbyimmersioninliquid

nitrogen・Theywerefracturedandshadowedwithplatinumandcarboninafreeze－fracturedeviceoper－

atedat－1150C andbeneathl xl0－6Torr．Replicaswerecleanedinbleachandwashedwithdistilled

Water and examined with an electron micro－
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Jday J week　　3weeks

Stage of posthatching

C：ControI D：Dystrophy

Fig．1CHANGESOFCAVEOLARDENSITY

（totdsamplingaIeaS：200〃m2）

SCOpe．200－micron square areas representing a

totalsampling area were countedin order to

determineaveragecaveolardensity．

Resdts（Fig．1）

Atldayandlweekafterhatching，there

WaS a differencein caveolar density between

COntrOl and dystrophic muscles．The distribur

tion，Shape　and size of caveolae were more

irregularin dystrophic chickens（Fig．2）．There

Were nO remarkable differencesin caveolar

densitybetweenl dayandl weekafterhatch－

ing．However，thecaveolardistributionshowed

more random arrangement in dystrophic

muscles．At3weeks after hatching，therewas

anincrease of caveolar densityin dystrophic

muscles ascomparedwithcontrolmusclesand

the caveolardistributionwasmoreirregularand

randomin dystrophic muscles．In control

muscles，the caveolaewerearrangedinaregular

pattern．There were no remarkable changesin

CaVeOlar density of controlmuscles atl day，

lweekor3weeksafterhatching．

Discussiom

The caveolae are considered to be either

PlnOCytOtic vesicles or T－SyStem OpenlngS．

There were no obvious changesin dystrophic



muscles atl day after hatchinginour

previous study，While the changes of

CaVeOlar density，distribution and size

Were already seen atl day afterhatch－

ingin dystrophicmuscles．Thisstudyof

CaVeOlaeis considered tobemoreuseful

for detecting the early morphologlCal

Changesofthedystrophicprocess．

References

l）Kuroiwa，Y．，lshimoto，S．，Goto，I．and

Ohta，M．：EarlymorphologiCalChangesin

dystrophicchickenmuscle．Proceedingsof

Ann．Meet．of Muscular Dystrophy Res．

Group．，P．12，1978and1979．

Fig．2

（C）Pface ofmuscleplasmalemmafromaldayoldnormalchicken．

¶leCaVeOlardistributionhasaregularpattern．×21．000

（D）E face of muscle plasmalemma from al day old dystrophic
Chicken．The caveolar distributionis more random and the

distribution and sizearemorevariablethanincontroIchickens．

×40．000
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MORPfIOMETRICmESTIGATIONOFDEVELOPINGMUSCLESOFDYSTROPHICCHICKEN
WITHSPECIALREFERENCETOTHEPOSTERIORLATISSIMUSDORSIMUSCLE

HaruOmiNakamura，MamiKotani，KuniyasuTakadaandKenjiImaoka

DivisionofNeuropathology，InstituteofNeurologiCalSciences，TottoriUniversitySchoolofMedicine，Yonago

The posteriorlatissimus dorsimuscle（PLD）isawell－known affected musclein thedystrophiq

Chickenofline413，itisinstrikingcontrast・tOthehealthyappearanceoftheanteriorlatissimusdorsi

muscle（ALD），and hasvarious beneficialpoints forexperimentalprocedures．Thisinvestigation was

designedtomeasurethenumberanddiameterofmusclefibersinordertogalnSOmebasicmorphological

data forPLDin comparison with those forALD，Superficialpectoralis（PS），bicepsbrachii（BB）and

gastrocnemiusmuscle．

MaterialSandmethods

ThePLDandALDmuscleswereremovedasawholefromdystrophicsat3，5，8and16Weeksafter

hatching and smallstripsofthePS，BBandgastrocnemiusmuscleswereobtainedfromdystrophicsat

5，12，19，26and33daysafterhatching，andalsofromage－matChedcontroIs．Inordertocalculatethe

totalnumberoffibersinPLDandALD，theimagesofeachmuscletrunkwerereconstruCtedfrommany

Pictures of paraffin cross sections after fixingin paraformaldehyde solution．Thediametersofabout

500musclefibersweremeasuredatrandomonmagnifiedmicrophotographsofeachcase．ForthePS，

BBandgastrocnemiusmuscles，CryOStatSeCtionswereusedformeasurementoffiberdiameters．Thedata

WereeValuatedbystatisticalanalysis．

Results

Tablel shows the mean value and standard deviation of the totalnumber ofPLDmusclefibersin

eachgroup．Thetotalnumberat3weeksafterhatchingwasabout9，800indystrophics，COrreSpOnding

to2．5timesthevalueforALDmusclefibers（about3，700），butshowednosignificantdifferencefrom

thecontroIs．Thetotalnumberoffibershadadecreasingtendencyinthefollowingstagesofdystrophics

and had diminished definitely at16weeks，On the other hand，the totalnumbers offibersin the

dystrophicALDmuscleswere3，772．0±712．5，3，410．3±506．8and3，356．0±140．6at3，5and8Weeks

Ofage，reSPeCtively，ShowingnoslgnificantdifferencefromcontroIs．

The mean muscle diameters ofPLDincreasedgraduallyindeveloplngStageSWithoutasignificant

differencebetweendystrophicsandcontroIsunti18Weeksofage，andthemeanvaluewasabout42pm

at16weeksin dystrophics，being higherthan that ofcontroIs（about30FLm）（P＜0．01）．Themean

musclediameters ofPS andBBmusclesshowedhighervaluesindystrophicsthancontroIsafter12days

Ofage（P＜0．05）．Thedistributionofmusclefiberdiameterswascomparedusingmegahistogramsofthe

diametersofeachstage．Largefiberswereobserved at3weeksinPLDofdystrophics，Smallfiberswere

Seen additionally at5　and8weeks，

Tablel・TotalnumberofmusclefibersinPLD and manyhypertrophicfibersofover

聖、　C。ntmI Dys．r。，hic P　竺＿誓誓＿diameterappearedat16
（Weeb）

3　　11，797．0±1，098．7（n＝3）9，825．0±1，984．1（n＝3）　NS

5　　10，496．7±　616．9（n＝3）8，042．0±6，112．4（n＝3）　NS

8　　　9，483．3±2，736．9（n＝3）6，194．0±1，186．6（n＝3）　NS

16　12，742．8±1，965．4（n＝9）7，164．8±2，465．8（n＝6）＜0．005

NS：nOtSignincant

ー12－

Weeks．No slgnificant change was

observedin the distribution of fiber

diametersin the ALD muscle．On the

Otherhand，manyfibersbecamelarger

in diameter than controIs after12

days of agein PS and BBmusclesof

dystrophics（Imaoka）．



Summary

MorphometricresultsobtainedforthePLDmuscleindevelopingdystrophicchickenscanbesum－

marizedasfollows．

l・Thetotalnumberofmusclefibersexhibitednosignificantdecreaseat3weeksafterhatchingin

COmparisonwiththe controIs，beingabout2・5timeshigherthan thevaluefortheALDmuscle，and

decreasedsignificantlyat16weeks．

2・Themeanvalueoffiberdiameterswasincreasedat16weeks，butnotdifferentsignificantlyfrom

COntrOIsunti18weeks・Thefiberdiametersshowedwidevariationafter3weeksofagecomparedwith

COntrOIs．

3．1n the PLD muscle theincreasein meanfiberdiameterand thevariationindiameter occurred

laterthanin thePS and BB muscles・ThePLDmuscleindeveloplngStageSWaSSuPpOSedtobeonly

mildlydamagedincomparisonwiththePSandBBmuscles．

Reference

Imaoka，K・：MorphometricandhistochemiCalobservationindevelopingmusclesofdystrophicchickens．YonagoActa
medica，23106・115，1979．
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INTRACYTOPLASMICVACUOLATIONOFαWFIBERSINCHICKENMUSCULARDYSTROPHY

－PROBABLEEARLYPATHOLOGICALEVENTmTIATESMASSIVEFIBERNECROSIS－

IkuyaNonakaandSatomiOkada

DvisionofNeuromuscularResearch，NationalCenterforNervous，MentalandMuscularDisorders，Tokyo

The main pathologicalchangesindystrophicchickenincludemusclefibernecrosiswithanactive

regenerating processwhichisalsoacharacteristicfindinginhumanmusculardystrophy・However，the

evidence ofpreferentialdamage to the white muscle，intracytoplasmic vacuolation，alackofopaque

fibersoverloadedbycalciumionsindystrophicchickenleadustoassumethatthepathophysiologyln

fiber necrosis might be different betweenhumanandchickenmusculardystrophy・Inadditiontothe

degenerativechanges，adelayinfibertypetransformationfromtheimmatureαRtothematureαWfiber

一　◆■　‾　疇r〉

ふ‥′　凝

in the dystrophic whitemusclehasbeen

shown by histochemical examination

（1，2）．Theintracytoplasmic vacuoles

localized mainlyin theαW fibers have

beenthoughttoplayanimportantrolein

developingfibernecrosis（3）．Toelucidate

平言上禁書誓g軍票三雲．，豊。：eC：票，三：
互一読　dystrophic white muscle，an electron

microscopIC Study was performed to

correlate histochemical fiber type with

vacuolarformation．

Materialsandmethods

遽妄　　　Toexamine theelectronmicroscoplC

養≡　characteristics of each fiber type，the

準、塾　pect。raliss。P。rficialis（PS）andposterior
latissimus dorsi（PLD）muscles were

dissected from bothnon－dystrophic（line

㌻　412）and dystrophic（line413）chickens

、　at2－4monthsafterhatching．Themuscles

ミ　Wereimmediatelyimmersedin relaxing

solution at pH　6．8　containing EGTA，

k ATP，TRIS and maleate．Ateased single

J fiberwas dividedinto two segmentsin

I：ig・］＾：Proliferativecaveolaewithahoneycombstructureform－

ingiLlargevacuole（arrowhead）andavacuolatedT－tubule

（V）in anくlW fiber from dvstrophic PLD・Lanthanum

nitratestaining，×17，000．

1B：MyoribTillar degenerationandZ－bandlossinthevicinity

oriIlarge vacuole with a focalmembranedefect（arrow

heads）．×15，300．

－14－

the solution under a dissecting micro－

SCOpe；Oneforhistochemicalexamination

toidentifythemuscle fibertypeandthe

other for electron microscoplC eXamina－

tion．Small pleCeS Of the specimens

obtained from dystrophic and non－

dystrophic white muscles were fixedin

cacodylate buffered2．8％glutaraldehyde

solution for2－4hours．After rinsingln

the same buffersolution，they were post

fixedin s－COllidine bufferedl．3％OsO4



COntaininglanthanumnitrate（RevelandKarnovsky）．

Results

IntheαWfibersfromthePSmuscle，thetransverse（T）tubulesranattheleveloftheZ－linewhich

measured500－600Ain width，WhereastheT－tubuleswerelocatedatA－IjunctioninbothαRandαW

fibers from the PLDmuscle．Since theZ－lineinαRfibersmeasured800－1000AandthatinαWfibers

600－800A，tWOSubtypesofthemusclefibersinPLDweredistinguishablebyelectronmicroscopy．

WhenlanthanumnitratewasusedforelectronmicroscoplCeXamination，theT－tubuleswereclearly

demonstrated・TheT－tubulesinthedystrophicαWfibersappearedtobeproliferatedformlngahoney－

COmb to conglomerated struCture（Fig．lA）・The smallintracytoplasmic vacuoles were stained by

lanthanumnitratesuggestingthattheyoriginatedfromtheproliferatedT－SyStem．Aconnectionbetween

thevacuolesandT－tubulesorcaveolaewasalSodemonstratedbylanthanumnitratestaining．

Inthevicinityofthevacuoleswithapartialdefectivemembrane，focalmyofibrillardegeneration，

Z－Streaming，lossofZ－lineandvacuolatedorganelleswererecognized（Fig．1B）．Ontheotherhand，the

T－SyStemandmyofibri1swerewellpreservedintheαRfibersinwhichthemitochondriawereenlarged

andremarkablyincreasedinnumber．

Discussion

The present study again confirmed preferentialdamage to white musclein dystrophic chicken

（1，2）．Eveninthewhitemuscle，OnlytheαWfiberundergoesvacuolarchangeinassociationwithfocal

myofibrillardegeneration・Thereforethedegenerativeeventsseemtobeexpressedoncethemusclefiber

hasacquiredthehistochemicalcharacteristicsofanαWfiber・Thesarcotubularsystemproliferationmay

be the earliest pathological manifestationin the dystrophic processin chicken．The proliferated

T－tubulesandcaveolaesubsequentlyformlargevacuolesbytheirfusionand／orexpansionofunknown

CauSeS（3）．

Since the T－tubules are opened to the extracellular space，the vacuolesprobably containhigh

COnCentrations ofcalciumions・A focaldefect ofthe vacuolarmembrane，aSShowninFig．lB，may

Permitcalciuminfluxintothesarcoplasmwhichactivatescalciumdependentproteasessuchascalcium

activated neutralprotease（CANP）．Digestion of the Z－band by the proteaseinitiates myofibrillar

degeneration followed bymassivefibernecrosiswithphagocyticinvasion・Fromthepresentresults，it

Can be concluded that theproliferative eventinthesarcotubularsystemisapreludetothe：neCrOtic

PrOCeSSin dystrophic chicken・Understanding themechanismoftheproliferativeprocessmayhelpto

SOIvethepathophysiologyinfibernecrosisinchickenmusculardystrophy．

References

l）Ashmore，C．R．＆Doerr，L：Postnataldevelopmentoffibertypesinnormalanddystrophicskeletalmuscleofthe
Chick．Exp．Neuro1．，30：431，1971．

2）Nonaka，Ⅰ・，Sunohara，N・，Sugita，H．etal．：AhistologiCalandhistochemicalstlldyofchickdystrophicmuscle．

Neurol．Med．（Tokyo），11：259，1979．

3）Libelius，RリJirmanova，Ⅰ．，Lundquist，I．etal．：T－tubuleendocytosisindystrophicchickenmuscleanditsrelationto

musclefiberdegeneration．ActaNeuropathol．（Berl．），48：31，1979．
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ARADIOAUTOGRAPHICSTUDYOFTHEACTⅣATEDSATELLITECELLNDYSTROPHIC

CHICKENMUSCLE

KimioOguchi＊andTetsttjiNagata＊＊

＊DepartmentofMedicine（Neurology），ShinshuUniversitySchoolofMedicine，Matsumoto

＊＊DepartmentofAnatomy，ShinshuUniversitySchoolofMedicine，Matsumoto

SatellitecellswhichwerefirstreportedbyMaurol）wereincreasedinnumberinmyopathies・They

undergomitosisandareincorporatedintomusclefibersandbecomemusclenuclei．2）Thussatellitecells

areconsideredtobethesourceofmusclefiberswhenthefibersareiruuredorshowdegeneration．

Inthepectoralismuscleofthedystrophicchicken，manySatellitecellsareobserved．Thepurposeof

this study was to distinguish the activated satellite cellfrom the quleSCent Satellite cellbymeansof

radioautographyusing3日－thymidineandtoperformultrastruCturalobservationoftheactivatedsatellite

Cell．

Materialsandmethods

4dystrophicchickens（line413）and4controIchickens（1ine412）ofeithersexagedonedayand

21daysafterhatchingwereused．Theyreceived4timesevery6hrintraperitonealinjectionsofdosesof

22－67uCigbodyweightof3H－thymidine．Thesuperficialpectoralismusclewasfixedbyimmersionin

3％glutaraldehyde for20min，POStfixedin OsO4，dehydratedin alcoholand propyleneoxide，and

embeddedin epon－araldite．l um sections and ultrathin（gold－Silverinterference color）Sectionswere

treatedwithSAKURANRM20rSAKURANRH2bythedippingorwire－loopmethod．3）Thespeci－

menswereexposedfor4to6WeeksintherefrigeratoranddevelopedbytheLIGOPmethod・4）Forlight

radioautography the specimens were stained with toluidine blue and for electron microscopic radio－

autographytheywerestainedwithleadcitrate．

Inlight radioautography，We eStimated the number of activated satellite cells by the following

I：ig．l A：Light microscope radioautogram of thepeCtOralismuscle one
day after hatching．The nuclei（arrowhead）are overlaid with

Silvergrains．

TI：Hlcctronmicroscoperadioautogram；thesate11itecellnuclei（AC）
iLrCOVerlaidwithsilvergrains．MF；muSClefiber．

－16－

labelingindex．

numbersoflabelednuclei

wholenumbersofnuclei
×100

Using an oillens，100　different

visualfieldswere counted．

Resultsandcommemts

Alight microscope radioauto一

graph showslabeled nuclei readily

（Fig．1．A）．Onedayafterhatching，

the labeling index of controI

Chickensis　4．59，and that of

dystrophic chickensis　4．19．21

daysafterhatching，that ofcontroI

chickensis　3．86，and that of

dystrophic chickensis5．68．Atthis

Stage，thelabelingindex ofdystro－

Phic chickens washigherthanthat

ofthe controIchickens．

On electron microscope radio－

autography，thelabel was found



Onlyinsatellitecells（Fig．1，B），nOneOfthetruemusclenucleiwerelabeled．

Thelabelednucleiofsatellitecells（activated satellite cells）had a r？und，OValorirregularform．

Chromatinin the nucleiofthe activated satellitecells showedvariation from muchtolittle．The con＿

tents ofthe activated satellite cellsalsoshowedvariation・Insomeactivatedsatellitecells，theplasma

membraneofthesatellitecellandthatofthemusclefibershowedtheHfootHstruCture．Thissuggested

thatthesatellitecellisincorporatedintothemusclefiber・き

ThelabelisalSofoundonthenucleiofthesatellitecellsundergoingmitosis．

The cytoarchitecturalcharacteristicscouldnotbeusedtodifferentiatetheactivatedsatellitecells

fromthequleSCentSatenitecellsintheearlystage．

Relerences

l）Maru0，G・：Satelliteceuofskeletalmusclefibers．J．Biophys．Biochem．Cyto1．，9：493，1961．
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TROPHICEFFECTSOFSYMPATHETICGANGLIAONNORMALANDDYSTROPHICCHICK

SKELETALMUSCLESNTISSUECULTURE（2）一ACETYLCHOLINESTERASEAND

CATECHOLAMINESTAlNNG－

HiroshiTsukagoshi＊，TakayoshiKobayashi＊＊，KatsuhikoKayanuma＊＊，YasunobuHanda＊＊＊and

YoshifusaShimizu＊＊＊

＊DepartmentofNeurology，FacultyofMedicine，TokyoMedicalandDentalUniversity，Tokyo

＊＊DepartmentofMedicine（Neurology），ShinShuUniversitySchoolofMedicine，Matsumoto

＊＊＊DepartmentofAnatomy，ShinshuUniversitySchoolofMedicine，Matsumoto

We have reported that the muscles from dystrophic chick degenerated earlier than those from

normalchickin single cultures．In co－Cultures ofthemuscles and the sympatheticganglia，themuscles，

eitherthenormalorthedystrophicones，Weremaintainedforalongertimethanthoseinsinglecultures・

Inco－Culturesofthem，abridgewasformedwithabundantmuscleandsympatheticnervefibersbetween

bothexplants．Some ofthenervefibersterminated onthemusclefiberswheretheacetylcholinesterase

activitypositivelyappeared（l）．Thepresentstudyaimedtoclarifytherelationshipbetweencholinergic

and adrenergic fibersin co－Culturesofvariouscombinationsofthemusclesandthesympatheticganglia

usinghistochemicaltechniques．

Materialsandmethods

The pectoralmuscles from normalanddystrophicchickembryosoflldaysoldandthecervical

sympatheticgangliafromthoseof13daysoldwereusedasmaterials・Fragmentsofthemusclesandthe

ganglia were explanted alone or togetherwithspecialseparationofabout2－3mmoncollagencoated

coverslips．Combinationsofthetissueswereasfollows：A，nOrmalmuscle（NM）；B，dystrophicmuscle

Fig．1－A：Co－Cultureofthenormalmuscle（for7days）and

the normalsympathetic ganglion（for5days）・

AChEactivityappearsonthesarcolemma，form－

ing crescents（arrows show sympathetic nerve

fibers）AChE staining by Nakamura’Srubeanic

acidtechmique．×490．
B：Co－Culture of the normal muscle（for23days）

andthedystrophicsympatheticganglion（for21

days）．A sympathetic nerve nberrunSalOngthe
musclenberandterminatesatthepositivesiteof

AOIEactivityonthesarcolemma．Bodian’ssilver

impregnationafterAChEstaiming・×1200．

C：Single culture of the dystrophic sympathetic
ganglion for13days．「nle CytOplasm ofsympa－
thetic neuronsin the explant shows bright
fluorescenceofCA．Theglyoxylicacidtechnique．
×120．

D：Single culture of the dystrophic sympathetic

ganglion for13days．Sympathetic nerve fibers
radiating from the explant show brightfluores－

cenceofCA．Theglyoxylicacidtechnique．×60．
E：Co－Cultureofthedystrophicmuscle（for17days）

and the normal sympathetic ganglion（for15

days）．Asympatheticnervefiberrunningparallel
withthemusclefibers（M）showsfluorescenceof

CA（arrows）．Theglyoxylicacidtechnique．
×260．

F：Co－Cultureofthedystrophicmuscle（for30days）andthenormalsympatheticganglion（for28days）・Sympathetic

nervefibersrunformlngadensebundlebetweenbothexplants．Bodian’ssilverimpregnation・X210．
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（DM）；C，nOrmalsympatheticganglion（NS）；D，dystrophicsympatheticganglion（DS）；E，NMandNS；

FINMand DS；G，DM andNS；H，DM and DS・Cultureswere maintainedin ahumidified air－tight

Chamberwhichwasgassedwith3％CO2and97％air．Thefluidmediumwaschangedthreetimesaweek．

Itconsistedof80％Eagle’sMEMwithHanks’salts，5％chickembryojuice，15％horseserumand200

u／mlofpenicillin．Fordemonstrationofacetylcholinesterase（AChE）activity，themodifiedKamOVSky－

Roots’andNakamura’Srubeanicacidtechniqueswereused．Fordemonstrationofcatecholamine（CA），

liquidformaldehydeandglyoxylicacidtechniqueswereused．

Resultsanddiscussion

（AchEstaining）

In anycombination ofthe muscles and the sympatheticganglia，pOSitive sites ofAchE activity

appearedin the form ofdots orfilaments along the sarcolemma of the muscle fibersin the bridge

formedbetweenbothexplantsafteroneto twoweeks ofculture．Thiscouldbedemonstratedmorein

detai1byuseofanenhancementmediumcontainingrubeanicacidascomparedwithuseofthemodified

KarnOVSky－Root’S technique．Inthismethod，thepositivesitesappearedintheformofcrescents（Fig．

1－A）orsemicircles．

Afterthreetofourweeksofculture，theyappearedinthemuscleexplantandfurtheronthemuscle

fibersradiatingfromtheexplant・Amongthecombinationsinco－Cultures，nOprOminentdifferencewas

ObservedintheformandnumberofthepositivesitesofAchEactivity．

（Bodian’ssilverimpregnationafterAchEstaining）

Sympatheticnerve fibersranalongorparallelwiththemusclefibersandsomeofthemterminated

atthepositivesitesofAchEactivityonthesarcolemma（Fig．1－B）．

（CAstaining）

Withtheliquidformaldehydemethod，thecytoplasmofbothlargeneuronsintheexplantandsmall

neuronsmigratingoutfromtheexplantwereshowntocontainfluorescentgranulesofCAinculturesof

thesympatheticganglia．Butfluorescencewasnotinducedinthesympatheticnervenbers．Theglyoxylic

acid technique ofFurness and Costayielded good results as comparedwiththeliquidformaldehyde

method・With this methodInOt Only the cytoplasm of both thelarge and smallneurons，but also

SympatheticnervefibersradiatingfromtheexplantexhibitedbrightfluorescenceofCA（Fig．1－C，D）．

Inco－Cultures of the muscles and the sympathetic ganglia，however，Only a few fibers showed

fluorescence ofCAalong the muscle fibersin the bridge betweenbothexplants（Fig．1－E），although

manysympatheticnervefiberswereshowntoexistonBodian’ssilverimpregnation（Fig．1－F）．

Patterson et al．Showed that thepresenceofcertainnonneuronalcellsorconditioned mediumof

themhad aprofoundeffectonthetypeoftransmitterchosenbythesympatheticneurons（2，3）．From

thispoint，itissuggestedthatthesympatheticadrenergicnervefiberschangedintothecholinerglCOneS

inco－Culturesoftheskeletalmusclesandthesympatheticganglia．
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THEMOVEMENTOF”FILOPODIAMTONORMALANDDYSTROPHICCHICKMUSCLES

TakaoNakanishiandKeisukeArasaki

Depa∫tmentOfNeurology，InstituteofClinicalMedicine，TheUniversityofTsukubaJbaraki

Ithasbeensuggestedthattherearemembraneabnormalitiesinthemusclesofthosewithprogres－

sivemusculardystrophy．ThistheoryisbasedonmanyobservationssuchasanincreaseinserumCPK，

depolarizationoftherestingmembranepotential，decreaseddurationoftheoutwardpotassiumcurrent

duringmuscleexcitation，andadecreaseinthenumberofintra－membraneparticles・Ontheotherhand，

filopodia－fibrous processes prqjecting from the growth cone ofadissociated neuron－are nOW

assumedtobeabletodiscriminateobjectsbymeretouch．1，2）Therefore，inthisstudy，anattemPt WaS

made to find out when these membrane abnormalities are recognized，by the filopodia of spinal

motoneurons．

We analysed dynamically the movement offilopodia and growthcones ofnormalsplnalmoto－

neuronsin four different groups：（1）5－day cultured normalmuscle，（2）5－day cultured dystrophic

muscle，（3）morethan2－Weekculturednormalmuscle，and（4）morethan2－Weekcultureddystrophic

muscle．The superficialpectoralmuscle was excised froml1－12dayold embryos（stage37－38）of

normaland dystrophic chickens．Muscle tissue was dissociatedby O．25％trypsin，SuSPendedin the

fluidmedium formuscle（Eagle，sMEM：eXtraCtOfthechickembryo：Calfserum＝8：1＝1），andplated

oncollagen－COateddishes．Thesedisheswereincubatedforthreehoursat370C・inanatmosphereof

5％cO2and95％airsaturatedwithwatervapour・Then・thedisheswererinsedwithaCa2＋－andMg2＋－

free solution，and treated with O．05％trypsinfor15minutesatroomtemperature・Myogeniccells

removedfromthebottomofthedishesbytheseprocedureswereagainplatedoncollagen－COateddishes，

whichwereincubatedunderthesameconditionsdescribedabove．Cellsstillfloatingafterthetwo－hdur

incubation were used for the selective cultureofthemuscle．Thecellswereseededinothercollagen－

Coated dishesat aconcentrationofaboutlO，000cellsperlmlofculturemedium，andculturedfor

5daysto3weeks．Thecelldensitywaslowsothatanovergrowthofmusclewouldnotinterferewith

the observation of filopodia．Asforthecultureofmotoneurons，aCCOrdingtothemethodusedby

Masukoetal．（1979）3），theventralhalfofthespinalcordwasobtainedfromnorma160－66hourold

chickembryos（stage17）．Cordfragmentswereculturedat37Ocfor24hoursinapluggedtube，Which

wasrotated at70rpmin agyratoryshakerand contained afluidmediumfornerves（Eagle’sMEM：

extractofthe chickembryo：Calfserum＝8：0．5：1．5）with10pMofcytosinearabinoside・Thesefrag－

mentswerethendissociatedbyO．25％trypsin，andthedensityofneuronswassetat60，000to80，000

cellsperlmlofculturemedium．Thesuspensionofneuronswasseededdirectlyintodishescontaining

themuscleculture，andincubatedfor2hoursunderthesameconditionsaspreviouslydescribed・The

fluidmediumcontainingmuchdebriswasthenreplacedbyacompletelynewone，afterobservingthe

establishmentofneuronsonthebottomofthedishes．Themovementoffilopodiawasthenrecordedby

phase－COntraStCinematographyforthreehoursperneuron・Afterthat，SOmeOfthedisheswerecultured

for one to three weeks for further observation ofmorphologicalchanges ofmotoneurons，Whereas

theotherswerefixedinFEAsolution（5％formalin，5％aceticacid，90％alcohol）andstainedbyasilver

impregnationtechniquetoconfirmthepresenceofmotoneurons．

1）Themovementoffilopodiatothenormalmuscle．Infourcasesoutofeachofthetwogroupsof

five5－dayculturedmusclesandfiveofthemorethan2－Weekculturedmuscles，thegrowthconemaking

contactwiththemuscle surfacehadatendencytoimmobilizeitselfandtoceaseprqjectingfilopodia

inanhour．However，1nOneCaSeOfeachgroup，thegrowthconeanditsfilopodiamovedawayfrom

the muscleinaboutanhouraftertheirinitialcontactwiththemuscle．2）Themovementoffilopodia・

tothedystrophicmuscle．Inthreecasesoutofthefive5・daycultureddystrophicmuscles，thegrowth
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