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muscle of the has a uni<ïue grouped arrangement of fibers with 7-70 X fibers occurring m•»uocie or m e  pry iwa a — -----j — . ..._
M duster and being surrounded by type II fibers. A modified acetylchollneS^era^ : S^ 7 ^ 1^ 3  
Jln9 method was employed to examine intramuscular nerves, subterminal axons and motor end Plate • Thetsin:

4 ^ 1  innervation^ratio^of'"muscle*in nomal'p^s^was near'1.00 indicating a °ue-t°-°ne f ^ " ^ b v  
CW  n subterminal axons and the muscle fibers they, innervate. Reinnervation studies were conduct y
cH  n<3 the upper sciatic nerves in young pigs and subsequently examining the affected “ 1 ; T^  
SV 0Ca«sed distal degeneration of the nerve and loss of the normal spatial disfcribution f  
W ^ e n t  reinnervation caused extensive collateral ramification of subterminal axons. We concluded that 
V  ojUateral reinnervation imposed a neuronal influence on muscle fibers which ° ™ n
% b°f all muscle fibers innervated by a single subterminal axon to a uniform his technical prof le. 
t ° ^ s t  sense our results strongly support the concept that the neurone diet,ates 
in »UScle fiber. The application of this finding to the improvement of meat quality presents an
9 Possibility.
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té, 'e squelettique du porc montre un unique modèle de répartition des fabras musc"la^®®'
!tfs > 70 fibres de type I rassemblées en un faisceau serre et entourées de fibres de type II. Les 

n“«i£iĉ raitusculaires, les axones subterminaux et les plaques motrices ont ete etudiees 
fl ihn. n de la méthode de coloration à 1 'acétylcholinesterase-nitrate d ’arg.a . « ■ _j____j — i — j^ i nn

etudiees en utilisant une 
argent. Le rapport du nombre• ae la méthode de coloration a i acetyicnoiinebtt;i.aac ~ ---  . . V- . • .

U^-^^tiones terminales au nombre de fibres musculaires est voisin de 1,00, ce qui indique 1 existence 
téî SOns univoques entre les axones subterminaux et les fibres musculaires qu ils innervent. Les etudes

N  ^ 6rvation ont été réalisées par écrasement de la racine dorsale du nerf sciatique chez de jeunes
^  sn pn / -, _  „„-ipe affprtGS L'ecrasement entraîne une degenerescencea en examinant les  conséquences sur les muscles a f fe c t e s ,  l  ec , . f f /  ̂ 4-vnpc; Lae du ___1.1 _ -i „ fihrpt; des d i f fe r en ts  types, ua

qe ,CX1 en examinant les conséquences sur les muscles arrecces. i, -
'erval ■ner^ et la disparition de la répartition spatiale normale des fibres es . importante

fl“ °n Ultérieure, par régénération naturelle, se fait avec une ramification collât
subterminaux. Nous en concluons que c'est la dépendance neuronale imposee ^  ^ bbba c  l  

> 6s eU e  rlinnervation collatérale qui entraine l'évolution vers un profil historique unique „
J'es fr'!u- * ’ • _________■:— rvo«c? îonv cirrm f rcation la plus large, nreinnervation collaterale qui entraîne i «vuiuu.n v —  " ; -

Httes innervées par un axone subterminal unique. Dans leur signification la plus l a r g e ,  ^
6 r 4  benforcent le concept du neurone fixant les caractéristiques de la fibre musculaire. L application 

Ultat a l'amélioration de la qualité de la viande montre d'interessantes possibilit .
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zerdrückt und später die davon betroffenen Muskeln untersucht wurden.

Das Zerdrücken der Nerven verursachte fremdartige Entartung des Nervs und den Verlust einer normale0 . 
räumlichen Verteilung der Fasertypen. Eine weitere Reinnervation verursachte erhebliche Nebenverzwel®U 
(collateral ramification) der End-neuriten.

Neuriten mit Nerven versorgt, zu einheitlichem gewebechemischen Profil werden.

Im weitesten Sinne bekräftigen unsere Resultate nachdrüklich den Gedanken, daß 
der Muskelfaser bestimmt. Die Anwendung dieses Befundes bei der Verbesserung 
interessante Möglichkeiten.

HeMpOHHbIM KOHTpOJIB MNHieMHHX CBOMCTB 

f l .  X, EeepMSHH m P. T. K sccdhc

h5ti P AHU Ä CfcJAÖ JlHiUtibiA HtJptJUÜ y MUJlUAßlA UßntlOCKl, UUlipUCU^ACtllltlC 1AUC JieA«y WUtfaM JJClUUMa i rrppl" wfl
«  ___ . . . ____ __________  -- ______________  ___- ________  ________ 1A

gepTH MbimegHoro BOJiOKHa. IIpHMeHeHHe nonyueHHHx ÄaHHHx k  ynygmeHMio KageeTBa Msca 
npeacTeBnseT c o ö o m  MHTepecHyio b o 3Mo x h o c t b .

am Ende befindlichen Neuriten und motorischen Endplatten (motor end plates) zu untersuchen. Das be‘ 
Innervationsverhältnis des Muskels in normalen Schweinen war nahezu 1.00. somit anzeigend, daß eine 
eins Beziehung zwischen den am Ende befindlichen Neuriten und den Muskelfasern, die sie mit Nerven 
besteht. Weitere Innervationsstudien wurden gemacht, indem die oberen Hüftnerven von -innerSchwei1

typxDer Skelettmuskel des Schweines het eine einzigartig zusammengesetzte Anordnung von Fasern mit 3 "
Fasern, die in einem dicken Bündel Vorkommen und umgeben sind von Fasern des Typ II. Ein modifizierte 
Färbungsverfahren mit acetylcholinesterase-silber Nitrat wurde angewandt, um die intramuskulären NerVe°'

J  ̂  1----- iT -T___31  J ____ «t _______ • j_____ ___  i  i

Der Skelettmuskel des Schweines het eine einzigartig zusammengesetzte Anordnung von Fasern mit 3 "
Fasern, die in einem dicken Bündel Vorkommen und umgeben sind von Fasern des Typ II. Ein modifiziej:te d>e 
Färbungsverfahren mit acetylcholinesterase-silber Nitrat wurde angewandt, um die intramuskulären Nerve0̂  
am Ende befindlichen Neuriten und motorischen Endplatten (motor end plates) zu untersuchen. Das be9re" ,p ) ' 
Innervationsverhältnis des Muskels in normalen Schweinen war nahezu 1.00. somit anzeigend, daß eine el 
eins Beziehung zwischen den am Ende befindlichen Neuriten und den Muskelfasern, die sie mit Nerven ve

• Weitere Innervationsstudien wurden gemacht, indem die oberen Hüftnerven von jungen Schwei°e0

Wir folgerten daraus, daß solche Neben-reinnervation einen neuronalen Einfluß auf Muskelfase] 
eine Veränderung (transformation) an allen Muskelfasern bestimmt, die, von einem einzigen am

38TpoHyTHx Mbimeii. CoKpynieHne HepBOB rrpHBeno k  ancTajn>HoMy nepepoacaeHwio
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P roduction

IjJ Resents an exciting new avenue of approach and is especially timely 
Worid food situation.

¿ S e l y T c o e p t e “ d Thetrophic f a S ' ^ U e  s t u I ^ ^ W e n t i n e d ^ n t U y f h a s  been discussed in detail 
h< 1968; Close, 1972).

y&s« •— .(«*») -» “ *llsrts
SWi.
Ne»

tor

1 Cassens (1970 have considered ^ ^ ¿ ^ V t l u z e d  electrical shocking of muscle, in slaughtered 
workers (Chrystall and H g y  , (1975) has found that intact neural pathways from spinal

i '0r n e u r o n s ™ s c l Sê ' n Z l T s ^ r e ’Z  at lea“ 1 3 t o 18 minutes following exsanguination. Some consi- 
has therefore b e S  given to the regulatory influence of the nervous system on meat production at 
time of fetal development and at the time of slaughter.

ffluscle of the pig affords an unique opportunity to study the basis for neuronal o ^ e

i  r s s s r  i s  s i i  =s2s s m r  -
usually^connec t ed M y o p a t h i e s ,  diseases of

motor neuron and other neuromuscular disorders.

groupie can be caused by experimental denervation of muscle with subsequent self-reinnervation (Karpati 
S L ^ e l !  1968)? a^d "  t h o S h H o  be the result of reinnervation of denervated myofibers by collaterals 

Persisting healthy axons or regenerating axons (Morris, 1969).

®6?t°?iecUve of our work was to study the effect of reinnervation on u s u a l ^ S
w ?  of myofiber in muscle of the pig. The rationale was to establish if the usual type grouping
bcntern Persisted"or"was altered so that conclusions could be made about the relative importance of the ■*DRenous ea or w aixerea su umu ___ „ n M n  the mvofiber in controlling the I
Pert

srsis+pri nr* wfl<=5 altered so that. conc-Lusions couxu. ue juauc a.u'-'u.u u # _ . .,
;1 - nervous system and the endogenous genetic information within the myofiber in controlling the pr -
ss °f the myofiber.

^T er;

^ t een
W ^ P P e r

,lAl5 AND METHODS

castrated male Ha^shire and Poland China pigs (12.3 kg average ^

sham-onerated aMmalst^Five61"-hed for 15 seconds by full closure of an eight-inch hemostatic^forceps, tne enas ox wiu 
torun°X1 ^gon tubing. The sciatic nerve was isolated but not crushed in four s am-opera e j as

aMsaaif and the contralateral U-b. of ^ . . 1 .  .hloh «c.ivad .■ ,:0 «rated animals and the contralateral limbs of animals w mcn recexvcm =. —  —  ----------
■S£g > -  f o ^ S L S  . M c h S e l v a d  a nerve era.., .ere s.erlfieed at o ™ . e e b p o . t  “ ™  “

animals were sampled at 10, 15, 20, 25, 27 and 31 weeks after nerve crush.

f e t e  Were seised deep and superficial portions of tbe ^ 8 ^ -
^H?t^^^^e'^emyofiber?)exhibited:l"lowSalkalineaATPasedandCphosphorylase activity

J  dark and intermediate staining i^ofibers,
n were classified as Type II myofibers.

' ¿ S . « “ ,.e.tylcholl».ater.a.-.Uver nitrate ..tb=d ( * « « - ^ T l . ’S S i S  E X l ’S S r i S i^tled acetvlchniinpsterase-silver nitrate method (Beermann and Cassens, ib>/o; was uoeu uv, =
1  » to, end plates. Fdnetlon.l end absolute ,.»ln.l innervation

Were determined with a minimum of 200 axons for each sample.

C ^ ^ I e d  w  tb. College of «rlaultur.l and Life.Selene,. »nlver.lt, of .Isocsln, Madison, » d-t'.f'-U. UCU U V UiiC '-»'-'-LJ-'-'E,'- ■‘-O---- .
8rarrt from the Muscular Dystrophy Association of America.

U U C O  j  VJA1J. V • 4- M
Muscle Biology Laboratory Manuscript No. 100.
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RESULTS

Nerve crush blocked muscle contraction as elicited by stimulation of the nerve proximal to the site 01 r
"erl to 

ooV'
and also caused marked demyelination of the nerve by one week post crush. Hyperextension of the poster 
limb, and gross atrophy of the posterior limb muscles were evident in 2 weeks following crush and appear 
be most severe at 2 to 3 months after crush. Five to six months after the sciatic nerve was crushed» ■ 
ery of the ¿enervated muscles was clinically good.

No changes were found in the histochemistry or morphology of myofibers at 1 week post nerve crush but at 
10 -11 weeks the differential staining characteristics of the NADH-TR and phosphorylase reactions wei»orded 
replaced -by a broad spectrum of staining intensities. Differentiation of myofiber types was still aft ^ scle 
with both ATPase reactions and atrophy of myofibers was apparent. At 15 weeks post crush reinnervated^ 
samples stained with more gradations of intensity and with less overall intensity than controls. 
types of myofibers could be perceived and an apparent, transformation had occurred. Large groups (40"' j 
myofibers) of Type I and Type II myofibers were visible in deep semitendinosus and small groups of TyPe 
myofibers were observed in superficial semitendinosus. A moderate degree of fat infiltration was als° 
evident at this time. At later stages, the differentiation of myofiber types became clearer.

There was no significant difference in percentage of Type I and Type II myofibers between control and 
reinnervated samples.

Denervation and subsequent reinnervation caused myofibers to atrophy, become more homogeneous histoche®joUp. 
and then regain their distinguishing histochemical properties. During transformation the normal W e

&

ing pattern of pig muscle was destroyed and replaced by a grouping pattern previously described to re^ ¿gb 
from reinnervation in other mammalian muscle. The proportion of myofiber types did not change event 
the original spatial distribution was completely obliterated and even though the myofibers lost their 
distinguishing characteristics during the transformation.

it*to ^The Functional Terminal Innervation Ratio for reinnervated samples ranged from 1.45 to 2.15 compared g{ 
1.00 for controls. All reinnervated muscle samples had collateral, ultraterminal and terminal branch^ ^  ifl 
the subterminal axons which resulted in the formation of more than one motor end plate on one myofite 
the innervation of more than one myofiber.

DISCUSSION

A simple crush of the upper sciatic nerve was sufficient to evoke a complete rearrangement of the of ^  j¡0r 
spatial distribution of myofiber types. One subterminal axon innervated one myofiber on the average 
mal pig muscle, but reinnervated muscle exhibited collateral branching which gave rise to simultaneo 
innervation of up to 15 myofibers by a single subterminal axon. Myofibers became more histochemical^^ py 
homogeneous following denervation. This was probably due to the loss of trophic influence brought a 0fit>er 
nerve crush. Only after return of this trophic influence by extensive collateral reinnervation did 
regain their distinguishing histochemical properties.

Out results argue against the idea that certain stem lines of myofibers attract preferentially a givê een 
of axon. If this were the case then the normally occurring clusters of Type I myofibers should baV®he 
maintained. In the broad sense, our results add strong support to the idea that a neuron dictates 
characteristics of a myofiber.

CONCLUSIONS

(1) Nerve crush causes distal degeneration of the nerve and loss of the normal myofiber type pattern ̂ 0ns'
(2) Denervation and subsequent reinnervation causes extensile collateral ramification of subtermin' i0f ^
(3) Collateral reinnervation imposes neuronal influence on myofibers which dictates transformation

myofibers innervated by a single subterminal axon to a uniform histochemical profile. . ^ei
(4) The type grouping observed in normal porcine muscle is not a result of neuronal influence media r

collateral branching of subterminal axons, but, rather, may be the manifestation of a unique 
unit topography.
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