have been identified. That this is a
different type of alkaline phosphatase
from that seen in capillary wall endo-
thelium seems likely because of differ-
ing sensitivity to pH and environmental
conditions.
BETTY PINNER
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Departments of Neurological Surgery
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“Red” Skeletal Muscle Fibers: Relative Independence

of Neural Control

Abstract. Studies on skeletal muscle of rats and mice indicate significant differ-
ences between the behaviors of the two basic types of muscle fibers during the
development of denervation atrophy. While the diameter of fibers possessing
sarcoplasmic granularity (“red” fibers) is preserved for a long time after complete
severance of motor and sensory nerves, fiber with agranular cytoplasm (‘“white”
fibers) undergo rapid atrophy. It is concluded that, at least in this respect, the
“white” fibers are more dependent on neural control than are the “red” fibers.

It has been known for some time
that, even in the same species, the rate
of atrophy following severance of motor
nerves is significantly different in the
various skeletal muscles and that some
fibers atrophy much more rapidly than
do others within the same muscle (7).
No satisfactory hypothesis has been
offered to explain this peculiar phe-
nomenon in denervated muscle and, in
fact, the problems associated with the
genesis and prevention of neural atro-
phies are still largely unsolved (2).

It is now well established that the
terms “red” and “white,” as applied
to a muscle, do not imply homogeneity
of the component fibers, but that most
of the mammalian skeletal muscles are
composed of two general categories of
fibers—that is, “red” and “white” fi-
bers, that differ from each other both
in certain structural characteristics and
biochemical activities (3). In this re-
port it is shown that evaluation of the
progression of denervation atrophy,
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from this point of view, not only offers
an explanation for the difference in
reactivity of the various muscle groups
subsequent to nerve lesions, but also
suggests that the “white” fibers are more
dependent on neural control than are
the “red” ones.

The object of this study was to ana-
lyze comparatively the behaviors of the
two basic types of muscle fibers during
the development of three forms of
muscle atrophy: (i) denervation atro-
phy, (ii) disuse atrophy, and (iii) dys-
trophy that develops spontaneously in
strain-129 mice suffering from a heredi-
tary form of myopathy. Male and fe-
male rats and mice of various ages
were used and the investigations were
centered on groups of muscles in the
hind limbs. Total denervation was ef-
fected through a suprapubic incision;
the left obturator, femoral, and sciatic
nerves were sectioned intrapelvically,
and a portion of the axons, several milli-
meters in length, was then removed to

prevent regeneration. Disuse atrophy
was induced either by tenotomy or by
application of a plaster cast (4); the
tenotomized triceps surae was isolated
in a Millipore tube to prevent adhesions
or regeneration of the sectioned tendon.
The strain-129 mice were selected from
our breeder colony (5). The animals
were killed by decapitation at various
intervals ranging from 1 day to several
months after surgical intervention, after
the initiation of immobilization by a
plaster cast, or, in the case of strain-
129 mice, after the presence of dys-
trophy could be clinically diagnosed.
At autopsy, the muscle specimens were
frozen rapidly in liquid air, stored at
—70°C, and sectioned in a cryostat in
10-, thicknesses. Succinic dehydrogen-
ase was demonstrated with 3-(4,5-di-
methyl-thiazolyl-2)-2,5-diphenyl-tetra-
zolium bromide (MTT) (6); for rou-
tine morphologic studies the frozen
tissue was fixed after sectioning with
formalin and stained with hematoxylin-
phloxine-saffron (HPS).

The distribution pattern of oxidative
enzymes is different in the “red” and
“white” fibers (7) and fibers showing
significantly greater succinic dehydro-
genase activity are usually smaller in
diameter than those showing less activ-
ity (Fig. 1). The technique for detect-
ing succinic dehydrogenase activity
was not suitable for analyzing the two
categories of fibers because soon after
denervation a qualitative alteration in
the normal distribution of succinic de-
hydrogenase ensued; gradually, all de-
nervated fibers reacted uniformly in
the test for this enzyme (Fig. 2).

=

Fig. 1. Distribution of succinic dehydro-
genase in muscle fibers (triceps surae of
normal mouse).
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Fig. 2. Succinic dehydrogenase in denerv-
ated muscle 4 days after severance of
motor and sensory nerves (triceps surae of
mouse). Fibers reacting much more strong-
ly than others can no longer be easily
distinguished.

Moreover, later studies (8) have in-
dicated that the nervous system exerts
a decisive influence upon the distribu-
tion and functional activity of oxida-
tive enzymes of prime importance in
respiratory processes of muscle cells.

It was possible to distinguish between
two types of fibers in frozen sections
stained with HPS: those showing a
granular cytoplasm and those lacking
such sarcoplasmic granules. No attempt
was made to establish the nature of
the sarcoplasmic granularity, although
paraffin-embedded sections stained in
the same way did not show this granu-

Fig. 3. Distinction between muscle fibers
with granular (arrows) and agranular cyto-
plasm (triceps surae of normal mouse;
HPS).
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larity. In frozen sections, the fibers
showing granular cytoplasm were, as a
rule, smaller in diameter than those
possessing relatively agranular cyto-
plasm (Fig. 3), suggesting that the
former correspond to the “red” fibers,
which are believed to be rich in myo-
globin and functionally concerned with
tonic (postural) contraction (9). This
conclusion is supported by the pattern
of distribution of the sarcoplasmic
granules (especially their denser con-
centration in regions just underneath the
sarcolemma), and by the fact that the
granular fibers proved to be identical
with those showing high succinic de-
hydrogenase activity. These findings
also suggest that the increased baso-
philic staining of the fibers of small
diameter is sarcosomal in nature.
The granular (“red”) and agranular
(“white”) fibers behaved differently
during the course of denervation atro-
phy (Fig. 4). Within a few days after
section of the motor (and sensory)
nerves, both types of fibers lost their
normal polygonal shape, but only the
“white” fibers underwent progressive
atrophy. The diameters of the “red”
fibers remained approximately the same
for a long time; consequently, during
advanced stages of atrophy the cross-
sectioned denervated muscle was char-
acterized by some large-diameter fibers
(preserved granular, or “red” fibers)
surrounded by small-diameter fibers
(atrophic agranular, or “white” fibers).
In muscle rendered atrophic by dis-
use (either by tenotomy or immobili-
zation in a plaster cast), both the
granular and agranular fibers under-
went slow but progressive atrophy;
there were no significant differences in
the behavior of the two types of fibers.
In the paralyzed dystrophic muscles of
strain-129 mice, both granular and
agranular fibers were observed in vari-
ous degrees of atrophy or in different
stages of degeneration. The obviously
hypertrophic fibers were, however, con-
stantly those of the agranular type.
Our observations suggest that the
great variation in fiber diameter char-
acteristic of the histogram of a de-
nervated muscle is possibly the conse-
quence of the relatively greater depend-
ence of the “white” than the “red”
fibers on neuromuscular integrity. Ear-
lier investigators have repeatedly pro-
posed that at least one of the reasons
for the difference between “red” and
“white” fibers in speed and duration of
contraction lies in the type of innerva-

Fig. 4. Fourteen days after denervation
the agranular “white” muscle fibers are in
a stage of advanced atrophy; these sur-
round a large, granulated “red” fiber that
has retained a normal average diameter
although it has become rounded in shape
(triceps surae of mouse; HPS).

tion present (/0). Although a number
of criticisms have been directed against
this assumption (77), the observations
reported herein may be taken as in-
direct evidence to support the theory
that the quality, extent, and significance
of nerve impulses are not the same for
the two basic types of muscle fibers.

EORs Basusz
Laboratory of Experimental Pathology,
Department of Pathology, University
of Montreal, Montreal, Quebec
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