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NEURONALE KONTROLLE DER MUSKELEIGENSCHAFTEN
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Der Skelettmuskel des Schweines het eine einzigartig zusammengesetzte Anordnung von Fasern mi
Fasern, die in einem dicken Biindel vorkommen und umgeben sind von Fasern des Typ II. Ein modifi
Farbungsverfahren mit acetylcholinesterase-silber Nitrat wurde angewandt, um die intramuskuldren Nervaz

am Ende befindlichen Neuriten und motorischen Endplatten (motor end plates) zu untersuchen. Das begf? giy,
Innervationsverhdltnis des Muskels in normalen Schweinen war nahezu 1.00. somit anzeigend, daB ein€ ersdﬁw
eins Beziehung zwischen den am Ende befindlichen Neuriten und den Muskelfasern, die sie mit Nefve? Ve
besteht. Weitere Innervationsstudien wurden gemacht, indem die oberen Hiiftnerven von jungen Schwein®
zerdriickt und spater die davon betroffenen Muskeln untersucht wurden.
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Das Zerdriicken der Nerven verursachte fremdartige Entartung des Nervs und den Verlust einer norm-le”i@mg
rdumlichen Verteilung der Fasertypen. Eine weitere Reinnervation verursachte erhebliche NebenverZwe
(collateral ramification) der End-neuriten.
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Wir folgerten daraus, daB solche Neben-reinnervation einen neuronalen EinfluB auf Muskelfasern JADP: ind”
eine Verdnderung (transformation) an allen Muskelfasern bestimmt, die, von einem einzigen am Ende °
Neuriten mit Nerven versorgt, zu einheitlichem gewebechemischen Profil werden.
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Im weitesten Sinne bekrdftigen unsere Resultate nachdriiklich den Gedanken, daf das Neuron die uleen,eﬁ
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der Muskelfaser bestimmt. Die Anwendung dieses Befundes bei der Verbesserung der Fleischqualitat b
interessante Mdglichkeiten.
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?%enzrvous system exerts a strong regulatory effect on muscle; neuronal control of meat production is there-
}treprpropOSition to consider. Even though this topic has been largely overlooked by meat research workers,
ing 5 esents an exciting new avenue of approach and 1is especially timely in view of the current and-develop-
n rld food situation.

Thas, .
Howwzge function and biochemical properties of individual myofibers are controlled by the motor neuron is
(Gu 8ly accepted. The trophic factor, while still an unidentified entity, has been discussed in detail

% 1968; Close, 1972).

at
Newlin? and Cassens (1974) have considered the role of innervation in muscle development and function. The
%ﬁmalZ‘and workers (Chrystall and Hagyard, 1975) have utilized electrical shocking of muscle, in slaughtered
msmn\n’ to control post-mortem change, and Swatland (1975) has found that intact neural pathways from spinal
deng iseUrOns to muscle fibers survive for at least 13 to 18 minutes following exsanguination. Some consi-
boult 1 h§8 therefore been given to the regulatory influence of the nervous system on meat production at
. & time of fetal development and at the time of slaughter.

Lelet.
Nope;i%gmu501§ Of the pig affords an unique opportunity to study the ba§is for neuronal control of the
Mmround's of individual myofibers because Type I myof ibers are grouped in the center of fasciculi and are
of myof.ed by Type II myofibers. In other normal mammalian skeletal muscle the spatial distribution pattern
Dremmdlber types appears random. Specific exceptions are a "uniform" pattern of myofiber types or type
the Ownancg, Type grouping in skeletal muscle, however, is usually connected with myopathies, diseases of

®T motor neuron and other neuromuscular disorders.

JDe
ang igouping can be caused by experimental denervation of muscle with subsequent self-reinnervation (Karpati
frmn eilf 1?68), and is thought to be the result of reinnervation of denervated myofibers by collaterals
T‘ Sisting healthy axons or regenerating axons (Morris, 1969).
e oy s 2
Uent, EieCtlve of our work was to study the effect of reinnervation on the spatial distribution and arrange-
Pagt ;lmyof%ber types in muscle of the pig. The rationale was to establish if the usual type grouping
EXQEHOHEETSISted or was altered so that conclusions could be made about the relative importance of the

S nervous system and the endogenous genetic information within the myofiber in controlling the pro-

Siof o
O the myofiber.
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Z Qrusha°01atlc nerve was isolated between the superficial gluteus and biceps femoris muscles. The nerve

’f Wity tvd for 15 seconds by full closure of an eight-inch hemostatic forceps, he ends of which were cover-

;Qn“)eraig?n tubing. The sciatic nerve was igsolated but not crushed in four sham-operated animals. Five

;mﬁmols ed animals and the contralateral limbs of animals which received a nerve crush also served as

a3, .né F?Ur animals which received a nerve crush were saarificed at one week post nerve crush and the
animals were sampled at 10, 15, 20, 25, 27 and 31 weeks after nerve crush.

strated male Hampshire and Poland China pigs (12.3 kg average body weight) were anesthetized and
£ fem
.

Qmmisirgere excised from deep and superficial portions of the semitendinosus muscle and processed for histo-
1970)_ + Type I and Type II myofibers were classified according to Engel (1974) and Brooke and Kaiser
méPH‘Jetrgype.I myofibers exhibited low alkaline ATPase and phosphorylase activity and high acid ATPase and
bll‘:fibers fil}um reductase activity while Type II myofibers exhibited the opposite characteristics. Type II
¢ boty w: ained by the alkaline ATPase procedure had subclasses of dark and intermediate staining myofibers,
re classified as Type II myofibers.
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P§tP"A Seuldcetylcnollnesterase-sllver nitrate method (Beermann and Cassens, 1976) was used to stain for
Wiog i ar nerves, subterminal axons and motor end plates. Functional and absolute terminal innervation
€ determined with a minimum of 200 axons for each sample.
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STant from the Muscular Dystrophy Association of America. Muscle Biology Laboratory Manuscript No. 100.
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RESULTS

Nerve crush blocked muscle contraction as elicited by stimulation of the nerve
and also caused marked demyelination of the nerve by one week post crush. Hyperext
1imb and gross atrophy of the posterior 1limb muscles were evident in 2 weeks foll
be most severe at 2 to 3 months after crush. Five to six months after the
ery of the denervated muscles was clinically good.

No changes were found in the histochemistry or morphology of myofibers at 1 week p
10 -11 weeks the differential staining characteristics of the NADH-TR and pho
replaced by a broad spectrum of staining intensities. Differentiation of myofi
with both ATPase reactions and atrophy of myofibers was apparent. At 15 week 5
samples stained with more gradations of intensity and with less overall intensity t
types of myofibers could be perceived and an apparent, transformation had occurred. Lar
myofibers) of Type I and Type II myofibers were visible in deep semitendinosus ¥ A
myofibers were observed in superficial semitendinosus. A moderate degree of f
evident at this time. At later stages, the differentiation of myofiber types became clea

e groups
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groups

There was no significant difference in percentage of Type I and Type II myofibers t 0 and
reinnervated samples.

-

Denervation-and subsequent reinnervation caused myofibers to atrophy, become more ;Hh)heneous histo
hen regain their distinguishing histochemical prope es. During trans forma ]
ttern of pig muscle was destroyed and replaced by a grouping pattern prev
from reinnervation in other mammalian muscle. The proportion of myofiber types
the original spatial distribution was completely obliterated and even though the

uish: characteristics during the transforr
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The Functional Terminal Innervation Ratio for reinnervated samples ranged from 1
1.00 for controls. All reinnervated muscle samples had collateral, ultratermina a

the subterminal axons which resulted in the formation of more than one motor end plate on o
the imnervation of more than one myofiber.

rush of the upper sciatic nerve was sufficient to evoke a complete rearrangement
istribution of myofiber types. One subterminal axon innervated one myofiber
but reinnervated muscle exhibited collateral branching which gave

up to 15 myofibers by a single subterminal axon. Myofibers became more hist 4 w#
us following denervation. This was probably due to the loss of trophic influence broug £ibe

nerve crush. Only after return of this trophic influence by extensive collateral reinnervation 41
their distinguishing histochemical properties.

sults argue against the idea that certain stem lines of myofibers attract pre
of axon. If this were ti se then the nom occurring clusters of Type I myofi

In the broad sense, our results strong support to the idea that a neuron ¢
stics of a myofiber.

CONCLUSIONS
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