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STRUCTURAL CHANGES IN STRIATED MUSCLES OF DYSTROPHIC HAMSTER
Yoshiaki Nonomura

Department of Pharmacology, Faculty of Medicine, University of Tokyo, Tokyo 113

Since the first introduction of a strain of myopathic hamster by Homburger’s group! in 1962, attention
has been given to the myopathy of this animal, especially its cardiomyopathy. This strain has an autosomal
recessively inherited polymyopathy, but has no other defective organs or tissues except for these striated
muscles.

The present work aimed at checking the degree of damage in various skeletal muscles at different ages.
BIO 15.6 male hamsters were used for the studies. After being sacrificed by a blow on the head and bleed-
ing, the animal was fixed on a board and the various muscles were carefully removed including both -
terminal tendons. The muscles were fixed in situ length on dental wax and 49 glutaraldehyde buffered
with cacodylate was poured on the materials. They were then teased into small bundles of fibers by forceps
30 min later and transferred to a small bottle containing a glutaraldehyde fixative. The usual methods
were then followed of a second fixation of osmium tetroxide, staining en bloc, dehydration with alcohol
and acetone, and embedding in epoxy resin. A relatively thick section with toluidine blue staining was
prepared for light microscopy and a thin section with lead staining for electron microscopy. The cross
section view for light microscopy was mainly used to determine the grade of muscle damage and this was
done by the criteria according to Bajusz et al.?, slightly modified as follows: 4, less than 4 cells with
central nuclei (CN) among 100 cross sectioned cells; +, less than 8 (CN) cells in 100; + +, more than
8 (CN) cells in 100; -+ + 4, abundance of CN cells and other abnormalities, +- -+ + +-, severe abnormalities
with necrotic damage. )

As shown in Table 1, 12 striated muscles of different ages were tested with fixed materials. All had
some degree of abnormalities, particularly severe ones in the shoulder muscle. When the central nuclei
were seen in a longitudinal section, they were arranged in a long row. In this same section an abnormal
arrangement of nuclei was recognized in a long row although they were not localized at the center but at
the periphery (Fig. 1). Other nucleic abnormalities such as perinuclear cavities or pores were sometimes
present. Myofibrils usually looked generally normal even in a grade + 4 -+ muscle, except for the nuclear
anomaly. When the muscle was observed in detail under high magnification, both free polysomes and
membrane-bound ribosomes were distributed around the nucleus and submembraneous region, which
could not be seen in a normal adult muscle. In a grade -+ + -+ -+ muscle some vacuoles and disarrangement
of myofibrils appeared here and there together with abundant CN.

TaBLE 1. The Degree of Muscle Damage

77 days 97 days 110 days 130 days

Arm muscles M. extensor digitrum communis +
M. extensor carpi radialis brevis ++
Shoulder muscles M. omotransversarius +++* ++++*
M. omobrachialis +++
Back muscle M. lumbodorsal aponeurosis ++4*
Abdominal muscle M. external adbominal oblique +
Esophagus M. esophagus +* +
+
+

*

Diaphragma M. diaphragma +++ +
Leg muscles M. samitendinosus ++

M. soleus -

M. extensor digitrum longus 44+

M. sartorium +4+ e ol e St

* Appearance of necrotic cell.
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FiG. 1. Electron micrograph of longitudinal section of leg muscle in dystrophic hamster. Nuclei are arranged in a
long row at the peripheral region. Nucleoli are clearly observed.

The appearance of degenerative cells marked by asterisk (*) in Table 1 seemed to be induced by at
least three different mechanisms. The first type was a so-called fatty degeneration, but this appearance was
very rare in dystrophic hamster and only one case was found in the sartorius muscle. The second type was
the most common, accompanied by vacuole degeneration and disarrangement of myofibrils. Typically seen
in the longitudinal section was a panoramic view which had gone from relatively slight damage with small
vacuoles to severe damage with disarrangement of myofibrils and the disappearance of myofilaments.
The third type rarely appeared but its image was very impressive; this type was macroscopically recognized
as being like refined white wax. The muscles were replaced with fibroblasts or interstitial cells in a certain
area and some muscle cells remained lying scattered among the concentrated fibroblasts. While some mus-
cles were normal except for their central nuclei, others were degenerated with vacuoles. These structural
changes were not progressive, but such changes were frequently observed in the tissue from 70 to 130 days
after birth.

In conclusion, all the striated muscles of a dystrophic hamster including the esophageal muscle show
overall structural abnormality, especially the central nuclei, despite the apparent normal arrangement of
myofibrils. Furthermore, the process of occurrence of degenerative cells is very like the genesis of human
dystrophy. An experimental approach using dystrophic hamsters would make good progress in our studies
on this disease.

1) Homburger, F., Baker, J.R., Nixon, C.W., and Whitney, R.: Med. Exp., 6,339-345, 1962.
2) Bajusz, E., Homburger, F., Baker, J., and Otie, L.H.: Ann. N.Y. Acad. Sci., 138, 213-231, 1966.
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CELL ADHESION MOLECULE OF CLEAVAGE STAGE MOUSE EMBRYOS—FUNCTIONS
IN ‘“COMPACTION”’

T.S. Okada, Soh-ichi Ogou, Chikako Yoshida-Noro, and Masatoshi Takeichi

Department of Biophysics, Faculty of Science, University of Kyoto, Kyoto 606

“Compaction’ is one of the very important events in the preimplantation stage of mammalian embryonic
development. In mouse embryos at the 8-cell stage, contact surfaces between each cell (blastomere) become
very wide, there is a modification of the cell shape, and thus an embryo becomes a compact mass'. It is
believed that interactive relationships between individual embryonic cells start to be established only after
this stage of “‘compaction.”” In this report, we show that a cell surface protein of m.w. of 140K (t-CDS)
functions in compaction by means of immunological techniques.

Cell adhesion molecules

Cell-cell contact in vertebrate cells is established by the presence of hypothetical “dual adhesion
mechanisms”?. We have previously shown that each mechanism is operated by the presence of two distinct
cell surface sites. One of them, CDS, a function of which is dependent on Ca?*, is particularly important for
cellular recognition between different cell types as well as holding adjoining cells in stable contact®. CDS
was clearly identified as a protein of m.w. of 150K on the electrophoresis of a total lysate of isotopically
labelled cell surface components of a variety of differentiated cells as well as of several established cell lines
in vitro.

Cells of a particular line of mouse teratocarcinoma, F9, which are characterized by their inability in
cell differentiation, contain an unusually high content of CDS on their cell surfaces?. However, the mo-
lecular weight of F9 cells (t-CDS) is not 150K as found in other cell types, but 140K. Then, CDS in F9 cells
(and other teratocarcinoma cells also) is not the same molecule as the CDS present in differentiated cells,
though both share the identical function®’.

Specific antibody against cell-adhesion molecule

An antibody specific to t-CDS was raised by injecting F9 cells into a rabbit and by proper absorption
to remove non-specific antibodies. This antibody has been successfully utilized as a diagnostic reagent to

FiG. 1. A: 8-cell stage mouse embryos prior to “‘compaction.”” B: Embryos at the stage of *“‘compaction.” C: ““De-
compaction”” of once compacted embryos induced by the treatment with the Fab fragment of anti-F9.
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see whether t-CDS is present in early mouse embryos before implantation. This was carried out by ex-
amining whether the Fab fragment of anti-t-CDS can specifically inhibit the aggregation of embryos placed
under a constant gyration. The results clearly demonstrated that mouse embryos ranging from one-cell
to 8-cell stages are provided with t-CDS, but not with CDS of m.w. of 150K. Thus, we can conclude that
cleavage stage mouse embryos share a common cell adhesion molecule (t-CDS) with teratocarcinoma
cells but not with differentiated cells®.

“Decompaction’’ of embryos by anti-t-CDS

When mouse embryos at the stage of compaction (the late 8-cell stage) were treated with the Fab
fragment of rabbit antibodies against F9 cells, the shape of each cell soon became round and thus the
phenomenon called “decompaction” of embryos was induced. Such effect of the Fab of non-absorbed anti-
F9 was completely removed by absorbing it with F9 cells, but not with several types of differentiated mouse
cells or with several in vitro lined cells. It is known that the treatment of F9 cells by protease and EDTA
under specified conditions removes only t-CDS, leaving most surface proteins intact®. An absorption of the
Fab of anti-F9 with such treated F9 cells also abolished its effect to induce ““decompaction.” Therefore, it
becomes clear that “decompaction” is due to a specific effect of the antibody against t-CDS and the latter
molecule functions in “‘compaction” of embryos.

It remains to be investigated why ‘“‘compaction” occurs at the 8-cell stage, in spite of the continuing
presence of t-CDS since the one-cell stage. Perhaps an accumulation of t-CDS at this particular stage be-
comes high enough to cause ‘“‘compaction” of embryos.

1) McLaren, A.: Early Eventsin Mammalian Embryogenesis. Jn Mechanisms of Cell Change (Ebert, J.D. and Okada,
T.S., eds.), pp. 49-56, John Wiley & Sons, 1979.

2) Takeichi, M.: J. Cell Biol., 75, 464474, 1977.

3) Takeichi, M., Ozaki, H.S., Tokunaga, K., and Okada, T.S.: Dev. Biol., 70, 195-205, 1979.

4) Takeichi, M., Atsumi, T., Yoshida, C., Uno, K., and Okada, T.S.: Dev. Biol., 87, 340-350, 1981.

5) Yoshida, C. and Takeichi, M.: Cell, 28, 217-224, 1982.

6) Ogou, S.-L., Okada, T.S., and Takeichi, M.: Dev. Biol., in press.
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PHAGE PARTICLE-MEDIATED GENE TRANSFER INTO CULTURED MAMMALIAN CELLS

Yoshio Okada and M. Ishiura*

Research Institute for Microbial Diseases, Osaka University, Osaka 565
*National Institute for Basic Biology, Okazaki 444

Gene-transfer into cultured cells including cells from human hereditary diseases will become an essential
procedure for cell biology. However, several improvements should be made because the efficiency of trans-
formation by genomic DNA has not been high enough to overcome the spontaneous back mutation of the
mutant cells, the transformants obtained by DNA transfer have been reported to be unstable, and the
DNA sequences introduced exogenously suffer from rearrangement.

Metaphase chromosomes have also been used for the transfer of single-copy genes in eukaryocytes
and have at least two advantages as a donor, as compared to genomic DNA: the efficiency of gene transfer
is found to be always 10 to 100 times higher for chromosomes than for genomic DNA, and the trans-
formants obtained from chromosome transfer experiments are more stable than those from genomic DNA
transfer. These advantages, we think, are partially derived from the organization of chromosome structure
where DNA sequences are covered with nuclear proteins, packaged compact into chromatin structure,
and protected from DNase attacks. In spite of these advantages, however, metaphase chromosomes are
not a choice as donor materials for the isolation of the selectable marker gene because DNA sequences in
chromosomes cannot be manipulated before application to the recipient cells.

As a donor of genetic materials, we have selected phage particles in which an exogenous gene is en-
capsulated for the following reasons: they have a structural organization analogous to that of chromosomes.
DNA sequences are covered with phage coat proteins packaged compact into phage particles and protected.
From this structural analogy, we expect a high efficiency of gene transfer and good stability of the result-
ant transformants when phage particles are applied to recipient cells. The method for the construction of
a gene library of mammalian DNA in lambda phage vectors has been already established, and sequences
for genomic DNA and lambda vectors can be easily manipulated before packaging into phage particles.

In this work phage particles coprecipitated with calcium phosphate were applied to the recipient cells
for gene transfer in place of either DNA or chromosomes. Using Charon 4A recombiant phage carrying
HSV-1 tk gene and Ltk cells, we have established the conditions of phage-mediated gene transfer, attained
a high efficiency of gene transfer, and also have found that the resultant transformants were apparently
stable. Furthermore, to our surprise, the exogenously introduced DNA sequences in the transformants
have been stably conserved with only slight rearrangement.

Abstract of the results

Recombinant phage particles carrying the thimidine kinase gene of herpes simplex type 1 and co-
precipitated with calcium phosphate efficiently transform mouse Ltk~ cells to the tk* phenotype. The
conditions necessary to achieve high efficiency transfer of the tk gene by phage particle-mediated gene
transfer were investigated. Of the parameters examined, pH of a buffer used for the coprecipitation of
phage particles with calcium phosphate, the length of time for the coprecipitation, and the length of ad-
sorption time were found to significantly alter the transfer efficiency. The optimal values for these parame-
ters were as follows: the buffer of pH 6.87 at 25°C; the coprecipitation time of 7 to 20 min; the adsorp-
tion time of 18 to 30 hr. Treatment with dimethylsulfoxide, glycerol, or sucrose did not enhance gene
transfer. The optimal conditions yielded about one transformant per 10° phage particles per 10° cells with-
out carrier DNA. Increasing the dosage of phage particles, at least up to 5x 107 per 100 mm dish, resulted
in a linear increase in the number of transformants. Addition of carrier phage up to 10!° phage particles
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per 100 mm dish, scarcely affected the number of transformants. The transformants were apparently stable
and the exogenously introduced DNA sequences in them were stably conserved with only slight rear-
rangement.

Ishiura, M., Hirose, S., Uchida, T., and Okada, Y.: Mol. Cell. Biol., in press.
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A STUDY OF DYSTROPHIC MUSCLE MAINTAINED IN VITRO

Takeshi Yonezawa

Department of Pathology, Kyoto Prefectural University of Medicine, Kyoto 606

Our previous work on the alterations of dystrophic muscle maintained in vifro (California Davis Line
413) disclosed characteristic degenerative changes, such as abnormal fusing processes of myoblasts, vacu-
olation of sarcoplasm, fenestration of sarcolemma, dilatation of transverse tubules, hypercontraction of
myofibrils, and segmental necrosis of sarcoplasm. Hypercontraction of myofibrils and segmental necrosis
were closely related to the dilated T system, which seemed to be continuous to the sarcolemmal openings.
To clarify the causative relationships of these alterations and the accumulation of external fluid in the T
system, HRP techniques were applied to cultures of dystrophic muscle. Ultrastructural studies were also
performed. Fragments of superficial breast muscle from dystrophic chick and cross sections of spinal cord
were cultivated on collagen-coated coverslips and maintained with the double coverslip method. Cultures
were observed under the ordinary light microscope and Nomarsky optics with high magnification. When
needed, cultures were immersed in a balanced salt solution (BSS) containing HRP (2.5 mg/ml) and main-
tained for one hour. After rinsing with BSS, cultures were fixed with 2.5% glutaraldehyde for 30 min and
washed overnight, and then stained with DAB in the presence of 0.01%; of H,O,.

Fenestrations of muscle surface exhibited with light microscopic observations were found to corre-
spond to the widening of orifices of the transverse tubular system. In addition, endocytotic vesicles in-
creased in number, and were mainly located underneath the sarcolemma. Similar vesicular structures were
also seen in the deeper sarcoplasm. HRP reaction seemed to be closely related to these structures, suggest-
ing accumulation of external fluid inside the muscle fibers. Furthermore, with light microscopic observation
it was found that HRP positive regions were often associated with either hypercontraction of myofibrils
or segmental necrosis of sarcoplasm.

Nerve innervation of muscle fibers maintained in vitro may promote better maturation and mainte-
nance than would otherwise occur. Development of dystrophic changes in muscle culture may be enhanced
in the innervated muscle fibers, suggesting the alterations were more frequently produced in muscles matu-
rated both biochemically and structurally. Among the alterations described above, vacuolation of the
sarcoplasm seemed to be nonspecific, while other types of alteration were characteristic for this disorder.
Widening and dilatation of the tubular system are closely related to the necrotic fibers which exhibited
HRP deposition. Furthermore, damage of the tubular system seemed to be an initial change leading to the
production of necrotic inclusion and hypercontraction as well. Though these necrotic processes differed
from the disturbance of fusing processes of myotubes, there may be a possibility of a single causative
factor, that is, membrane abnormality which is genetically inherited. If true, it is quite possible that some
other type of cell may develop a similar membrane anomaly on a genetic basis.

In the Duchenne type of muscular dystrophy it has been suggested that Ca%** deposition in the tubular
system activates the calcium dependent proteinase, resulting in segmental necrosis of muscle fibers and
production of opaque fibers. These changes in patients are identical to those observed in chick dystrophic
muscles in vitro.
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MITOTIC ACTIVITIES OF MONONUCLEATE CELLS CULTURED IN VITRO ORIGINATED
FROM REGENERATING MUSCLES OF NORMAL (4-/+) AND DYSTROPHIC (dy/dy) MICE (II)

Tsutomu Kagawa

Laboratory of Cell Biology, Toneyama National Hospital, Toyonaka 560

We have reported that during the same culture period the number of cell divisions (NCDs) of dys-
trophic myogenic cells (dy/dy) was significantly smaller than that of normal (-+/+) ones. To clarify
whether the difference in the NCDs was due to the prolongation of generation time of dystrophic myogenic
cells or to their earlier deprivation of mitotic activities, we carried out clonal cultures of either normal or
dystrophic myogenic cells and obtained their growth curves.

Adult normal (+/+) and dystrophic (dy/dy) mice were used throughout. The procedures for the
preparation of regenerating muscles?3 and the liberation of mononucleate cells from either source? were
described previously by Kagawa et al. Cultures were established by plating 500 cells from either source in
5 ml! of the “fresh medium”® onto a 60-mm Falcon plastic petri dish coated with 0.29; gelatin®. Incu-
bation was continued at 37°C in a humidified atmosphere gased with 5%, CO, and 959%; air. Each culture
was fed with 5 ml of the “growth medium”? one day after plating. Three series of cultures of the same
type (cultures 1, 2, and 3) were carried out. Each of them consisted of 10 normal and 10 dystrophic cul-
tures. In each series, 3045 colonies of myogenic cells from either origin were randomly selected and
marked with numbers 2 days after plating. The cell number of each was enumerated every day thereafter
and growth curves were obtained. Colonies which lost the potency of cell growth were excluded and, in
consequence, the number of colonies used for the counting of NCDs decreased with the advancement of
the days of cultures.

The average number of cell divisions occurring during the culture period of dystrophic myogenic cells
(7 days) was smaller than that of normal in all cultures and the differences were significant in cultures 1
and 2 (Table 1). As shown in Fig. 1, the differences in the NCDs between normal and dystrophic myogenic
cells which occurred during the first two culture days were also significant in cultures 1 and 2. To
exclude the possibility that the difference in the NCDs was due to the increase of cell number by the fusion
of two or more colonies in normal cultures, NCDs occurring after 2 through 7 days of incubation were

TaBLE 1. Average Number of Cell Divisions (0-7 days)

Culture 1 Culture 2 Culture 3
Normal 6.211+2.08 5.02+2.04 5.2442.18
“43) 31 23)
Dystrophy 3.80+1.73 2374111 4.251+1.86
29) (16) (26)
t-stat. (P <) 0.01 0.01 NS

t-stat.: r-statistics. ( ): number of colonies used for the count of number of cell divisions. NS: not significant.

TaBLE 2. Average Number of Cell Divisions (2-7 days)

Culture 1 Culture 2 Culture 3
Normal 3.06--1.89 2.99+1.86 2.934-1.63
43) 31 23)
Dystrophy 1.4541.47 1.324-0.92 2.51+£1.50
29) (16) (26)
t-stat. (P<) 0.01 0.01 NS

t-stat.: r-statistics. ( ): number of colonies used for the count of number of cell divisions. NS: not significant.
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Culture 1 Culture 2 Culture 3

Number of cell divisions
% Number of colonies showing cell growth

Days of incubation

Fic. 1. Growth curves and the curves showing the number of colonies with mitotic activity. —— average number
of cell divisions (0-7 days). —— average number of cell divisions (2-7 days). -—- %4 number of colonies showing
cell growth. The r-statistics for two means was used to compare the number of cell divisions of normal myogenic
cells and that of dystrophic ones: *** P<0.01, **P<0.05, *NS.

also obtained. They were also smaller in dystrophic cultures than in normal ones in all series of cultures and
the differences were significant in cultures 1 and 2 (Table 2). These findings agreed with the results we pre-
viously reported?’.

The grade of each growth curve (Fig. 1) shows the velocity of cell divisions. The grades of the growth
curves of dystrophic myogenic cells were approximately parallel to those of normal in all cultures (Fig. 1)
indicating that the generation time, which is the reciprocal of the velocity of cell division, of dystrophic
myogenic cells was approximately the same as that of normal cells.

Colonies showing cell growth decreased in number much more rapidly in dystrophic cultures than in
normal ones in cultures 1 and 2, in both of these the number of cell divisions of dystrophic myogenic cells
was significantly smaller than that of normal myogenic cells (Fig. 1).

The present study suggested that the decrease in the number of cell divisions found in dystrophic
cultures was not due to the prolongation of generation time of dystrophic myogenic cells but to their
earlier deprivation of mitotic activity.

1) Kagawa, T., Chikata, E., and Hamano, R.: Current Research in Muscular Dystrophy, Japan, 2, 11, 1980.

2) Kagawa, T., Chikata, E., and Tani, J.: Dev. Biol. 55, 402, 1977.

3) Kagawa, T., Chikata, E., Tani, J., and Tsutamune, T.: Dev. Biol. 65, 526, 1978.

4) Kagawa, T., Chikata, E., Tani, J., and Tsutamune, T.: 30th Annu. Meeting of Japan Soc. of Cell Biol. Abst. (A-28),
- 1977

5) Richler, C. and Yaffe, D.: Dev. Biol., 23, 1, 1970.
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REQUIREMENT OF TRANSFERRIN FOR MYOGENIC CELL GROWTH IN VITRO
Eijiro Ozawa, Ichiro Kimura, Takayuki Hasegawa, Ichio Ii, Yasuko Hagiwara, and Koji Saito

Division of Cell Biology, National Center for Nervous, Mental and Muscular Disorders, Kodaira 187

Chick myogenic cells do not grow in a basal culture medium (BCM) composed of 85% Eagle’s
minimum essential medium and 159, horse serum but grow well when a small amount of muscle trophic
factor (MTF) is added to the medium?. MTF is a protein prepared from chick adult serum? which is
salmon pink in color and has a molecular weight of 80K dalton.

In order to determine the nature of MTF, it was compared with chick serum transferrin (sTf) prepared
from chick serum, and ovotransferrin (0Tf) from chick egg white®¥,

The molecular weight of sTf was also 80K dalton and that of oTf was a little smaller when determined
by SDS acrylamide gel electrophoresis. Proteolytic digests of MTF, sTf, and oTf by a-chymotrypsin and
papain showed indistinguishable patterns.

A single and identical precipitin line was formed in a double immunodiffusion precipitation test when
anti-sTf and oTf-rabbit sera reacted in agar gel with MTF, sTf, oTf, or chick serum.

These three proteins bound ferric ion. Absorption at 465 nm, which is characteristic of iron-bound
transferrin, increased as the amount of ferric ion bound to the apo-type of MTF, sTf, and oTf increased.
These two reached a plateau when the molar ratio of 80K dalton protein against iron was approximately
1 : 2. This stoichiometric ratio is also characteristic of transferrin, indicating that the main proteins belong
to the transferrin family.

Iron-free proteins showed no myotrophic activity. Myotrophic activity appeared when the protein
bound iron. It increased almost proportionally with the amount of the bound iron, and reached a plateau at
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Fic. 1. Relation of molar ratio of Fe®* vs. Tf to molar ratio of bound Fe®+ vs. Tf, optical absorption at 465 mum,
and creatine kinase (CK) activity as an index of myotrophic activity.
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the same molar ratio (Fig. 1). Complexes of transferrin with metals other than iron so far examined were
without activity; therefore, the activity can be solely ascribed to iron-bound transferrin. All of these data
also indicate that MTF is identical to transferrin.

Ferric or ferrous ion, not bound to transferrin, was also effective in promoting myogenic cell growth,
although more than 200 times the amount of iron as a complex with transferrin was required. Other metals,
such as Mn, Cr, Cu, Co, Ni, Cd, and Zn, were not effective.

We have also prepared transferrin from chick embryo extract (EE). The preparation method was
similar to that used for MTF preparation, with some modifications which will be detailed elsewhere®.
This transferrin (EE Tf) and sTf were indistinguishable from each other physicochemically, immunologi-
cally and in myotrophic activity so far examined, except that EE Tf was mainly composed of transferrin
species with 0 or 1 sialic acid residue, whereas sTf had mainly 2 or 1 sialic acid residues. Myotrophic activity
did not depend on the number of sialic acid residues.

When transferrin was removed from EE by immunoprecipitation or iron bound to transferrin was
removed from EE by dialysis at pH 4.5, myotrophic activity was lost but was restored by the addition of
transferrin or iron to both kinds of inactivated EE. This indicates that transferrin is a very important
component of EE for myogenesis. Further, one of the most important role of EE is to give iron to the
cells.

Horse transferrin present in BCM did not show myotrophic activity on chick cells. This can be ex-
plained on the basis of the class-specific nature of transferrin; mammalian transferrin, except bovine trans-
ferrin, was not effective but avian transferrin was effective in promoting chick myogenic cell growth.

Chick transferrin, irrespective of the sources or methods of preparation, promoted chick myogenic
cell growth so far as it bound ferric ion. It is deduced that iron is absolutely required either for multiplica-
tion of myoblast or growth of myotubes. Transferrin serves as an efficient iron-donner to cells. Without it,
grown myotubes degenerate and are destroyed®.
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In transplanted muscles myotubes are formed by satellite cells followed by striate formation, and
subsequently develop into new mature muscle fibers. A major difference in the muscle structure before and
after transplantation is that the diameter of the regenerated muscle fiber is smaller.

Major factors contributing to the increase in the diameter of these regenerated muscles are the recovery
of blood supply and muscle tension as well as the reinnervation to the muscles, which includes the regenera-
tion of nerves from the host body and their connection to the regenerated muscle.

The present studies were undertaken in order to elucidate the influence of reinnervation on the re-
generation of transplanted muscles.

Under nembutal anesthesia, orthotopical autotransplantation of both sides of the extensor digitorum
longus muscle was performed in rats. Ishiadic nerve of one side was denervated and the intact side served
as a control.

The transplanted muscles were extirpated successively after the transplantation and were weighed and
sectioned with a cryostatt. The histological differences were analyzed between the control and denervated
muscles both by ordinary stainings such as Hematoxylin-Eosin and Trichrome, and histochemical stainings
such as ATPase, DPNH, and SDH.

Four days to one week following the muscle transplantations, numbers of fibroblasts, myoblasts, and
macrophages appeared in the peripheral regions of the transplanted muscles followed by the development

FiG. 1. Regenerated muscles three weeks after transplantation. c: control side, d: denervated side.
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