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PR X E B Plasticity of neuromuscular junction architectures in rat slow and fast muscle
fibers following temporary denervation and reinnervation processes
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The neuromuscular junctions (NMJs) in skeletal muscle fibers are functionally distinct
compartments of the subsarcolemmal and extracellular matrix domains that contain variants
of the sub- and trans-sarcolemmal components and of the extracellular matrix. The NMJ is the
only synaptic link between a motor neuron and the muscle fiber it innervates. It is a chemical
synapse that is anatomically and functionally differentiated for the transmission of signals
from the motor nerve terminal to a circumscribed postsynaptic region on the muscle fiber. The
NMJs of mammalian skeletal muscle have several components: (1) a Schwann cell process that
forms a cap above the portion of the nerve terminal that does not face the postsynaptic region;
(2) a nerve terminal, which contains the neurotransmitter acetylcholine; (3) a synaptic space
lined with basement membrane; (4) a postsynaptic membrane containing acetylcholine
receptors and acetylcholine esterase; and (5) junctional sarcoplasm, which provides structural
and metabolic support for the postsynaptic region.

We evaluated the effects of brief, temporary denervation caused by ischiadic
nerve-freezing on the processes of degeneration and regeneration of ultrastructural features in
neuromuscular junction (NMJ) architecture in different types of rat skeletal muscle fibers.
Nerve terminal (NT) area was decreased significantly 12 hours after nerve freezing in both
fast-twitch (FT) and slow-twitch (ST) fibers. One day after nerve freezing, some terminal axons
were absent; decrease in NT area was remarkable in ST fibers, and there was retraction of
Schwann cells and perineural epithelial cells. Fiber type-specific differences were observed in
pattern of decrease in NT area between 24 hours and 7 days after nerve freezing (there was
significantly more decrease in FT fibers). The primary synaptic cleft became shallow, and the
secondary junctional folds shorter and wider, but the basement lamina filling the subneural
apparatus was unaltered. The number of secondary junctional folds decreased gradually
between 6 hours and 14 days after nerve freezing in both types of fiber. In control muscle fibers,
synaptic vesicle density (SVD) per terminal area was significantly higher in FT fibers. SVD
densities decreased following nerve freezing-induced destruction of NMdJs, and were minimal 3
days in FT fibers or 7 days ST fibers after nerve freezing. At 3 weeks, regeneration of both FT
and ST fibers was well advanced, and all parameters had recovered to control values in FT
fibers 28 days after nerve freezing. The effects of structural degeneration of NMds were less
pronounced in FT fibers, and regeneration tended to be earlier in FT than in ST fibers.

These findings indicate that maintenance of the cup-shaped primary folds is dependent
upon neurotrophism, while secondary junctional fold structure is not. If muscular activity were
the only trophic influence on skeletal muscle fibers, then denervation would affect NMdJs in all
fiber types to the same extent, and any difference in rate of degeneration between the two types
of muscle fibers would be due to factors intrinsic to them. If, however, neurotrophic factors
(postulated to be one component of the dense-core vesicles in the nerve terminals) are partially
responsible for maintenance of muscle fiber structures, then differences in rates of
degeneration and regeneration of NMdJs in different types of muscle fibers could result in
differential withdrawal of neurotrophic substances. Severe degradation of the ultrastructural
features in NMdJs occurred due to temporary denervation during muscle fiber degeneration
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processes, and these structural changes were all reversible and fiber type-specific.

w X B E ODOEE

FALFH LD [Plasticity of neuromuscular junction architectures in rat slow and fast muscle fibers
following temporary denervation and reinnervation processes| (%, 2006 4 11 H 317 J. Muscle Res. Cell
Motil. D% 27 %, 8 IR Em L& LTS iz (607-615), BFTENA D EKIT, BHAMILIZI T 5400
TR A H DR A HERERVRrIE & B S, ML PRI FIECI VBRI LI b DO THY | o A+
A A= TEM A BME LT L 7o iR THRAMWED @ WS Th o 7o, BRI D 2 1 7 BATICB
£23 2 BB RS O SRR, WARAE S A TN R D Z LB EE STV D, MRS O EE
IRE S RE S B D 2 &ITMA, AR - FFAEBIIBICISE L THIRIEA S IZZ OB EE 2 S
D ZLITL o THREMRMEDZELZ S S L TWD E R I,

PO SCEAEZ B A TIIAEIC L - T AFRENEICI A TRE T 5 8RR Z G aI Il L. A
O P AR ET DI R REELNETH D LHIE L,



