
Summary. Immunoreactivity for desmin, plectin and α-
actinin was inve s t i gated in rat atrophic soleus muscle
fibers induced by hindlimb suspension between 1 and 4
weeks (hindlimb suspension group, HSG), and compared
with that of the control group (CG). Some of the HSG
for 4 weeks were allowed unrestricted cage activity for 2
weeks as the recovery group (RG). In the cross-sectioned
muscle fibers of the CG, desmin and plectin show e d
h o n ey-comb immunoreactive patterns ex t e n d i n g
throughout the sarcoplasm. Superimposed images by
double immunofluorescence labeling show e d
overlapping of both immunoreactivities. In the
longitudinally sectioned profiles, superimposed images
of α-actinin and desmin were overlapped at the level of
Z-discs. The focal disorganization of the above honey -
comb immunoreactive patterns, followed by the
reduction of the cross-sectional area (CSA) of atrophic
soleus muscle fibers and the appearance of Z-streaming,
uniquely arose in the HSG from the first week and
extended throughout the sarcoplasm in proportion to the
suspension period. Such honey-comb patterns of both
desmin and plectin were already restored in the RG at 2
weeks, followed by the disappearance of Z-streaming,
prior to the recovery of the CSA. These findings indicate
that the disorganization of topological and structural
relationships of desmin and plectin with Z-discs
surrounding individual myofibrils is primarily evo ke d ,
which leads to Z-streaming of atrophic soleus muscle
fibers, and that the restoration of the muscle activ i t y
results in an early arrangement recovery of desmin and
plectin around myofibrils.

Key words: Alpha actinin, Desmin, Hindlimb
suspension, Immunocy t o c h e m i s t r y, Muscle atrophy,
Plectin

Introduction

In addition to the induction by neural and endocrine
dysfunction (Russman et al., 1983; Price et al., 1987;
Zurcher et al. ,  1989; van Balkom et al. ,  1994),
malnutrition (Hansen-Smith et al., 1979; Brooks, 1995)
and microgravity (Booth and Gollnick, 1983; Fitts et al.,
2000), muscle atrophy is induced by cast-fixation for
orthopedic treatment, and the pathogenesis of muscle
a t r o p hy induced by various causes has been one of the
important research fields in rehabilitation medicine. Up
to now, morphological and physiological alterations of
experimentally-induced skeletal muscle atrophy by a
variety of methods have been inve s t i gated by many
researchers (Valtat, 1877; Lippmann and Selig, 1928;
Thompsen and Luco, 1944; Booth, 1977; Goldspink,
1977; Witzmann et al., 1982).

Since the classic description of a remarkable
decrease in wet weight of immobilized skeletal muscles
of dogs and guinea pigs by Valtat (1877), histological
findings, concerning the reduction in diameter of
atrophic muscle fibers (Thompsen and Luco, 1944), the
d i fference in degree of atrophy among different fi b e r
types (Desplanches et al., 1987; Hauschka et al., 1988),
and the recovery process of atrophic muscle activ i t y
(Fitts and Brimmer, 1985; Thomason et al., 1987;
Mozdziak et al., 2000) have been discussed in reference
to physiological data on the decline of atrophic muscle
activities. At the electron microscopic level, waving and
distortion of Z-discs, generally called Z-streaming
( C o o p e r, 1972), and the disorganization of bundles of
myofilaments (Tomanek and Lund, 1974) have also been
related to a loss or decline of atrophic muscle activities.

Since Ishikawa et al. (1968) first described the
crucial roles of intermediate filaments (IFs) in the
maintenance of structure and function as cytoskeleton of
s keletal muscle fibers, ultrastructural, immunocy t o -
chemical and immunological analyses on topological
relationships and roles of IFs have been made using
animals congenitally devoid of IFs (Li et al., 1996;
Milner et al., 1996; Andrä et al., 1997). Desmin belongs
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to IFs in all kinds of muscle fibers (Bennett et al., 1979;
Lazarides, 1980), and plectin is an IF-associated protein
( Foisner and Wiche, 1991). In skeletal muscle fi b e r s ,
plectin is localized at the level of Z-discs as well as
beneath the sarcolemma (Wiche et al., 1983; Gache et
al., 1996; Andrä et al., 1997; Schröder et al., 1997).
Recently, Hijikata et al. (1999), after combining electron
m i c r o s c o py with immunocytochemistry of rat
diaphragma, proposed topological and structural
relationships of desmin and plectin with Z-discs
manifested by immunoreactivity for α-actinin, which
play the crucial roles in effective force generation during
muscle contraction and relaxation. Using
immunoelectron microscopy, Schröder et al. (1999)
revealed that plectin exists along the cytoplasmic face of
the sarcolemma at regularly-spaced intervals as well as
in filamentous bridges between Z-discs of the peripheral
m y o fibrils and sarcolemma, forming the
i n t e r m y o fibrillar scaffold in human skeletal muscle
fibers.

Up to now, immunoreactivity for desmin and plectin
in atrophic muscle fibers hardly been surveyed (Schröder
et al., 1997). Thus, we do not know whether
i m m u n o r e a c t ivity for desmin and plectin is altered in
atrophic muscle fibers, and, if this is correct, whether
such changes represent the disorganization of
topological and structural relationships of desmin and
plectin with Z-discs, which leads to Z-streaming. On
these grounds, the present study was designed to
investigate immunoreactivity for desmin and plectin and
that for α-actinin on rat atrophic soleus muscles induced
by hindlimb suspension. In addition, the present study
includes the restoration in arrangement of desmin and
plectin in the atrophic muscles that allow unrestricted
cage activity.

Materials and methods

Animals

Male Wistar rats aged 11 weeks were acclimated for
one week under the same feeding and water supply
conditions. We followed the Guiding Principles for the
Care and Use of Animals as set up by the University of
Occupational and Environmental Health in accordance
with principles of the Declaration of Helsinki (1964,
revised in 1975 and 1983). Animals weighing 380-400 g
were randomly assigned to the hindlimb suspension
group (HSG), the recovery group (RG) or the control
group (CG). Since hindlimb suspension of animals was
performed under anesthesia with an intraperitoneal
injection of diethyl ether and pentobarbital sodium (50
mg/kg), animals which were provided for the other
groups were also anesthetized with the same dose and in
the same manner to maintain equal acclimatized
conditions.

For the HSG, hindlimbs were suspended for 1 (n=6),
2 (n=7) and 4 (n=19) weeks according to the tail-casting
technique by Fitts et al. (1986). Some of the HSG for 4

weeks (n=12) were used for the RG, and were allowed
unrestricted cage activity for 1 (n=6) and 2 (n=6) weeks
after being removed from hindlimb suspension for 4
weeks. The CG was kept in unrestricted cages for 1
(n=6), 2 (n=6), 4 (n=6), 5 (n=4) and 6 (n=5) weeks. The
HSG and RG were fed ad libitum, and the CG was pair-
fed with the HSG and RG in order to maintain equal
nutritious conditions. Cages for all groups were
maintained at 22 °C and 50% humidity under a 12 hr
light and dark cycle.

Assay of blood serum

Blood samples from all groups were collected from
the left ventricle and centrifuged for 10 min at 2,000 g to
obtain the blood serum, which was stored at nearly 
-40°C until use for the following assays: total protein
according to the Biuret method using Total Protein-HR
II (Wako, Osaka, Japan); albumin according to the BCG
method using Albumin-HR II (Wako, Osaka, Japan); and
total cholesterol according to the HDAOS method using
L-type Wako CHO·H (Wako, Osaka, Japan). All values
are shown in Table 1.

Electron microscopy

Isolated soleus muscles from all groups were fi xe d
in a mixture of 2% paraformaldehyde (PFA) and 2.5%
g l u t a r a l d e hyde in 0.1M phosphate bu ffer (pH 7.2: PB)
for 16 hr at 4 °C, postfixed in a solution of 1% osmium
tetroxide in the bu ffer for 2 hr at 4 °C, dehydrated in
graded concentrations of ethanol, and embedded in
epoxy resin. Ultrathin sections were made on an
ultramicrotome (MT-X, AZ, USA), stained with urany l
acetate and lead citrate, and examined in a JEM 1200 EX
electron microscope.

Immunocytochemistry

Isolated soleus muscles from all groups were
attached to cork boards with tragacanth gum, and then
immersed in isopentane, which was chilled by liquid
nitrogen at nearly -150 °C. Cryopreserve d - f r o z e n
muscles at nearly -80 °C were transversely or
longitudinally cut into approximately 10 µm-thick serial
sections using a cryostat (Microm, Walldorf, Germany).

Sections, which were mounted on glass slides (MAS
coated Superfrost, Matsunami, Osaka, Japan), were air-
dried, incubated with 10% normal goat serum for 20 min
at room temperature, and immunoreacted with the
f o l l owing monoclonal antibodies (mAb) for 18 hr at 
4 °C: mouse anti-desmin mAb (clone DE-V-10, Sigma
Chemical Co., St. Louis, MO) at a dilution of 1:20 in
PBS; mouse anti-plectin mAb (clone 7A8; Sigma
Chemical Co., St. Louis, MO) at a dilution of 1:100 in
PBS; mouse anti-α-actinin mAb (clone EA-53, Sigma
Chemical Co., St. Louis, MO) at a dilution of 1:400 in
PBS; or mouse anti-ß dystroglycan mAb (clone
4 3 DAG1/8D5, Novocastra Lab. Ltd., UK) at a dilution
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of 1:50 in PBS.
Briefly rinsed in PBS, sections, which were

incubated with desmin, plectin or α-actinin antibody,
were then reacted with Alexa Fluor™ 488 goat anti-
mouse IgG conjugate (Molecular Probes, Eugene, OR)
at a dilution of 1:100 in PBS for 2 hr at room
temperature. They were coverslipped with 90%
nonfluorescent glycerol containing 2 mg/ml 1,4-
diazabicyclo [2,2,2] octane (DABCO) and 7.5 µg/ml 4,6-
diamino-2-phenylindole dihydrochloride (DAPI) in PBS,
and examined in a Carl Zeiss LSM 410 confocal laser
scanning microscope.

Sections, which were incubated with ß dystroglycan
a n t i b o d y, were then treated by the indirect
immunoperoxidase method, using a Histofine Simple
Stain PO Kit (Nichirei, To kyo, Japan). The peroxidase
c o m p l ex was visualized by treatment with a freshly
prepared solution of 0.1 mg/ml diaminobenzidine
tetrahydrochloride (DAB) and 0.01% H2O2 for 7 min at
room temperature.

S p e c i ficity of the above immunoreactivities wa s
confirmed by replacing the primary antibody for normal
rabbit serum or PBS. Specificity of mouse anti-desmin
mAb (Yamanouchi et al., 2000), mouse anti-plectin mAb
(Hijikata et al., 1999), mouse anti-α-actinin mAb (Flick
and Ko n i e c z ny, 2000), and mouse anti-ß dystroglycan
mAb (Ueda et al., 1998) has already been demonstrated.

As ß dystroglycan, which is a component of the
sarcolemmal proteins, exhibited a high immunoreactive
contrast of the sarcolemma, ß dystroglycan-
immunoreacted sections were utilized for measurements
of the cross-sectional area (CSA) per fifty randomly-
selected muscle fibers from all groups, using an image
analysis device (Nikon Cosmosome, IS, Tokyo, Japan).

Double immunofluorescence labeling

Sections which were mounted on slide glasses were
treated with 10% normal goat serum for 20 min at room
temperature. They were then incubated either with rabbit
anti-desmin polyclonal antibody (pAb, Sigma Chemical
Co., St. Louis, MO) at a dilution of 1:20 in PBS and
mouse anti-plectin mAb at a dilution of 1:100 in PBS, or
with rabbit anti-desmin pAb at a dilution of 1:20 in PBS

and mouse anti-α-actinin mAb at a dilution of 1:400 in
PBS, respective l y. After being briefly rinsed with PBS,
sections were reacted with Alexa Fluor™ 594 goat anti-
rabbit IgG conjugate (for desmin), or with Alexa Fluor™
488 goat anti-mouse IgG conjugate (for plectin and α-
actinin) at a dilution of 1:100 in PBS for 2 hr at room
temperature. After the above mentioned cove r s l i p p i n g
procedures, they were examined in the confocal laser
scanning microscope.

S p e c i ficity for the above double immuno-
fluorescence labelings was confirmed by replacing rabbit
anti-desmin pAb and/or mouse anti-plectin mAb for
PBS, and by replacing rabbit anti-desmin pAb and/or
mouse anti-α-actinin mAb for PBS. Specificity of rabbit
anti-desmin pAb has already been demonstrated by
Reipert et al. (1999).

Statistical analysis

Values of blood serum assays and CSA from all
groups were examined for significance by the t-test and
ANOVA. All data were expressed as mean ± SEM.

Results

CSA of the CG, HSG and RG

We utilized ß dystroglycan-immunoreacted sections
for measurements of the CSA among the CG, HSG and
RG, and we found no significant differences in the
sarcolemmal immunoreactive intensity among these
groups (Fig. 1). The reduction of the CSA significantly
occurred in the HSG from the first week and became
more pronounced at 4 weeks, when compared to that of
the CG (Fig. 2). As indicated by this figure, the CSA of
the RG was not completely recovered at 2 weeks, when
compared to that of the CG.

Ultrastructural alteration of the HSG and RG

As previously described by others, waving and
distortion of Z-disc alignment, generally called Z-
streaming of myofibrils, uniquely occurred in the HSG
from the first week (Fig. 3a). However, Z-streaming was

429

Desmin and plectin in atrophic muscle

Fig. 1.
Immunoreactivity for ß
dystroglycan of soleus
muscle fibers in CG
(a), HSG (b) and RG
(c). Muscle atrophy
remarkably occurs in
HSG at 4 weeks (b) in
comparison with CG
at 4 weeks (a), and a
complete recovery of
CSA does not occur
in RG at 2 weeks (c).
x 150



seldom encountered in the RG at 2 weeks (Fig. 3b).

Immunoreactivity for desmin, plectin and α-actinin of the
CG

Immunoreactivities for desmin and plectin in soleus
muscle fibers of the CG were preferentially localized
along the sarcolemma as well as in the sarcoplasm (Fig.
4a,b). As shown in these figures, both desmin and
plectin exhibited honey-comb immunoreactive patterns
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Fig. 2. Comparison of cross-sectional areas (CSA) of soleus muscle fibers
among CG (circle), HSG (square) and RG (triangle), using ß dystroglycan-
immunoreacted sections. Bars represent mean ± SEM. a:  p<0.01
(compared with value of HSG before hindlimb suspension). b: p < 0 . 0 1
(compared with value of HSG at 4 weeks).

Fig. 3.  Electron micrographs showing Z-
streaming of soleus muscle fiber in HSG at 2
weeks (a) and its restoration in RG at 2 weeks
(b). x 12,000
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Fig. 4. a-c. Immunoreactivities for desmin (red signals in a), plectin (green signals in b), and almost complete overlapped superimposed images of
desmin and plectin immunoreactivities (yellow signals in c) in a single cross-section of sarcoplasm in CG at 4 weeks. d-f. Immunoreactivities for desmin
(red signals in d), plectin (green signals in e), and almost complete overlapped superimposed images of desmin and plectin immunoreactivities (yellow
signals in f) in a single longitudinal section of sarcoplasm in CG at 4 weeks. g-i. Immunoreactivities for α-actinin (green signals in g), desmin (red
signals in h), and a few overlapped superimposed images of α-actinin and desmin immunoreactivities in a single cross-section of CG at 4 weeks. j-l.
Immunoreactivities for α-actinin (green signals in j), desmin (red signals in k), and discontinuous overlapped superimposed images of α-actinin and
desmin immunoreactivities (yellow signals in l) in a single longitudinal section of CG at 4 weeks. a-f, x 1,300; g-l, x 1,500



extending throughout the sarcoplasm in the cross-
sections. By double immunofluorescence labeling of
desmin (red signals in Fig. 4a) and plectin (green signals
in Fig. 4b) in a single cross-section, superimposed
images of honey-comb patterns of desmin and plectin
were almost completely overlapped (yellow signals in
Fig. 4c). In a longitudinal section, immunoreactivity for
both signals exhibited bands with a regular periodicity
(Fig. 4d,e), and superimposed images of both
i m m u n o r e a c t ivities exhibited almost complete
overlapping (yellow signals in Fig. 4f).

Figure 4g,h show immunoreactivities for α- a c t i n i n
(green signals in Fig. 4g) and desmin (red signals in Fig.
4h) in a single cross-section, and Figures 4j and 4k show
both immunoreactivities in a single longitudinal section,
r e s p e c t ive l y. In superimposed images, a considerable
number of green and red signals remained in the cross-
section (Fig. 4i). On the contrary, both signals were
discontinuously overlapped (yellow signals in Fig. 4l) at
the level of Z-discs in the longitudinal section.

Disorganization of honey-comb immunoreactive pattern
of desmin and plectin in the HSG

Fig. 5a,c show honey-comb immunoreactive patterns
of desmin and plectin in the sarcoplasm of cross-
sectioned soleus muscle fibers of the CG, respective l y.
The disorganization of both immunoreactive patterns
occurred in the sarcoplasmic areas of most atrophic
muscle fibers of the HSG from the first week (Fig. 5b,d).
The appearance of the disorganized honey-comb pattern
greatly varied from muscle fiber to fiber as well as from
sarcoplasmic area to area (Fig. 5b,d). Although such
d i s o rganized areas increased in degree in proportion to
the suspension period, we encountered muscle fi b e r s
which almost completely retained the honey - c o m b
pattern throughout the experiment.

As already demonstrated by Fig. 4g,
i m m u n o r e a c t ivity for α-actinin exhibited a ripple-like

pattern running almost parallel throughout the
sarcoplasm in a cross-section (Fig. 5e). How eve r, the
d i s o rganization of such a structure occurred in most of
the HSG from the first week, and increased in deg r e e
with the appearance of aggregates of linear - l i ke
i m m u n o r e a c t ivities almost in the center of atrophic
muscle fibers of the HSG from 2 weeks (Fig. 5f).

Recovery of honey-comb immunoreactive pattern of
desmin and plectin in the RG

The disorganization of honey-comb immunoreactive
patterns in the HSG, as shown in Fig. 5b,d, remarkably
decreased in the RG from the first week, occasionally
showing the central nuclei, as described in the recovery
process of atrophic muscle fibers by many researchers.
Such honey-comb patterns of desmin and plectin were
almost completely restored in most muscle fibers of the
RG at 2 weeks, when compared to those of the CG at 6
weeks (Fig. 6a,b).

Evaluation of disorganization and restoration of honey-
comb immunoreactive pattern

For evaluation of the disorganization and restoration
of honey-comb immunoreactive patterns throughout the
experiment, we examined the appearance frequency of
muscle fibers in which sarcoplasmic areas show i n g
d i s o rganized honey-comb patterns occupied more than
10% of the total sarcoplasmic areas in the laser scanning
microscope, using an NIH image analysis software, and
the frequency per 100 muscle fibers each was compared
among the CG, HSG and RG, respectively (Table 2). As
represented in this table, the frequency of muscle fibers
o c c u pying more than 10% of the disorganized areas
increased from 2 weeks in the HSG, although such
muscle fibers were not encountered in the CG
throughout the experiment. Muscle fibers occupy i n g
more than 10% of the disorganized areas were rarely
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Table 1. Total protein, albumin and total cholesterol values in blood serum of the CG, HSG and RG.

GROUP TOTAL PROTEIN (g/dl) ALBUMIN (g/dl) TOTAL CHOLESTEROL (mg/dl)

CG
1 week (n=6) 5.41±0.12 4.06±0.07 50.00±3.16
2 weeks (n=6) 5.61±0.08 4.28±0.11 55.33±6.43
4 weeks (n=6) 5.51±0.16 3.90±0.13 57.50±3.78
5 weeks (n=6) 5.47±0.17 3.90±0.14 50.50±7.96
6 weeks (n=6) 5.78±0.12 4.14±0.08 59.00±7.34

HSG
1 week (n=6) 5.05±0.14 3.53±0.11a 53.50±5.69
2 weeks (n=7) 5.37±0.09 3.68±0.13b 55.29±2.83
4 weeks (n=7) 5.25±0.10 3.70±0.09 56.00±4.02

RG
1 week (n=6) 5.43±0.16 3.68±0.14 55.00±4.74
2 weeks (n=6) 5.56±0.16 3.98±0.14 54.17±5.10

Values are expressed by mean±SEM. a: p<0.05 (comparison between the CG and HSG at 1 week). b: p<0.01 (comparison between the CG and HSG
at 2 weeks).
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Fig. 5.
Disorganization of
immunoreactive
patterns of desmin,
plectin and α-actinin
in sarcoplasm of
HSG. a. Honey-
comb pattern of
desmin in
sarcoplasm of
muscle fibers in CG
at 2 weeks.
b. Disorganized
honey-comb pattern
of desmin in HSG at
2 weeks. Some
muscle fibers
(asterisks) still retain
honey-comb pattern.
c. Honey-comb
pattern of plectin in
CG at 2 weeks. 
d. Disorganized
honey-comb pattern
of plectin in HSG at
2 weeks. Honey-
comb pattern still
remains in some
muscle fibers
(asterisks). 
e. Immunoreactivity
for α-actinin showing
a rather parallel-
arranged ripple-like
structure in CG at 2
weeks. 
f. Disorganization of
ripple-like structure,
associated with
immunoreactive
aggregates almost in
the center of
sarcoplasm in HSG
at 2 weeks. a-d, 
x 600; e, x 1,200; f, 
x 1,500



encountered in the RG at 2 weeks.

Discussion

In the present study of the rat atrophic soleus muscle
induced by hindlimb suspension, we utilized male
Wistar rats aged 12 weeks only, as these animals are
considered to complete a rapid growth and maintain an
almost constant proportion of fiber types in their soleus
muscles at this age, according to the physiological data
by Okada et al. (1981). In the blood serum assays of the
HSG, only albumin values showed a slight fall by 2
weeks but were recovered within normal levels at 4

weeks, when compared to those of the CG (Table 1).
Thus, we decided to utilize these animals as atrophic
soleus muscle models although the effects of
malnutrition on muscle atrophy could not completely be
ruled out in the HSG by 2 weeks. Soleus muscle atrophy
of the HSG was confirmed by the decrease of CSA in the
HSG, when compared to those of the CG, as shown in
Figure 2.

By ultrastructural and immunocytochemical analyses
of the rat diaphragma, Hijikata et al. (1999) proposed
three-dimensional topological and structural
relationships of both desmin and plectin with Z-discs,
manifested by immunoreactivity for α-actinin. These
researchers explained that plectin links desmin threads to
Z-discs and connect the adjacent desmin threads to each
o t h e r. They also suggested that the formation of lateral
linkages among adjacent Z-discs by desmin and plectin
may be structural components, which are indispensable
for normal synchronized and harmonized contraction
and relaxation in eff e c t ive force generation of muscle
fibers. Using immunoelectron microscopy, Schröder et
al. (1999) also confirmed the topological relationship
between plectin and Z-discs in human skeletal muscle
fibers.

In our analyses of location of desmin, plectin and α-
actinin in rat soleus muscle fibers using double
immunofluorescence labeling, as demonstrated in Figure
4, we found no fundamental inconsistencies in the
location of these components with the previous reports.
H o n ey-comb immunoreactive patterns e x t e n d i n g
throughout the sarcoplasm were almost completely
overlapped by double immunofluorescence labeling as
r evealed by cross-sectioned profiles. Therefore, we
c o n s i d e r, at present, that desmin and plectin are in a
close apposition to each other, and both components
surrounding myofibrils are invo l ved in the connection
with Z-discs.
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Fig. 6. Restoration of
honey-comb
immunoreactive
patterns of desmin
(a) and plectin (b) in
sarcoplasm of
muscle fibers in RG
at 2 weeks. x 1,000

Table 2. Evaluation of disorganization and reorganization of honey-
comb immunoreactive pattern of desmin and plectin among the CG,
HSG and RG.

GROUP DESMIN PLECTIN
(number/100 muscle fibers) (number/100 muscle fibers)

CG
1 week (n=6) - -
2 weeks (n=6) - -
4 weeks (n=6) - -
5 weeks (n=4) - -
6 weeks (n=5) - -

HSG
1 week (n=6) - -
2 weeks (n=7) 4.33±3.15 16.37±7.95
4 weeks (n=7) 21.41±4.32 27.28±3.26

RG
1 week (n=6) 0.87±0.39 0.50±0.31
2 weeks (n=6) 0.41±0.80 0.76±0.21

Values indicate appearance frequency of muscle fibers occupying more
than 10% of disorganized sarcoplasmic area per total sarcoplasmic area
among 100 muscle fibers each, expressed by mean±SEM.



Our immunocytochemical analyses revealed the
onset of disorganization of honey-comb immunoreactive
patterns of desmin and plectin in the HSG from the first
week. Such disorganized patterns gradually increased in
degree in proportion to the suspension period, as shown
in Table 2. Since Schröder et al. (2000) insisted on the
role of desmin and plectin in the intermyofi b r i l l a r
scaffold, we consider, at present, that the disorganization
in topological and structural relationships of desmin and
plectin with Z-discs surrounding myofibrils, which is
primarily induced in atrophic muscle fibers by hindlimb
suspension, lead to Z-streaming.

The disorganization greatly varied from muscle fiber
to fiber in the HSG. Soleus muscle fibers, which did not
show any disorganization of honey-comb pattern, existed
in the HSG throughout the experiment. Thus, further
analyses are necessary to elucidate whether such a
d iversity among soleus muscle fibers depends on the
d i fference in fiber types, using specific myosin
antibodies.

The recovery of atrophic muscles after removal of
restricted muscle movement was investigated by Lieber
et al .  (1989) and Mozdziak et al .  (2000).  These
researchers stated that the recovery of the CSA as well
as the diameter of muscle fibers was not completed even
at 4 weeks. Also, in our samples of the RG, a full
r e c overy of the CSA was not established at 2 weeks.
However, our immunocytochemical study indicated that
the disorganization of honey-comb patterns of desmin
and plectin as well as the disorganization of α- a c t i n i n
were almost completely restored in most of the
sarcoplasm at 2 weeks in the RG, allowing muscle
movement by unrestricted cage activity. This restoration
was inevitably followed by the disappearance of Z-
streaming. How such an early recovery in arrangement
of desmin and plectin relating with Z-discs occurs and
whether new synthesis of these components is required
for the re-arrangement remain uncertain.

In conclusion, rat hindlimb suspension evo ked the
d i s o rganization of honey-comb patterns of desmin and
plectin connected with Z-discs in atrophic soleus muscle
fibers which lead to Z-streaming, and removal of the
restricted muscle movement induced the restoration of
the reorganization of the honey-comb pattern prior to the
recovery of the CSA.
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