Experientia 37 (1981), Birkhiduser Verlag, Basel (Schweiz)

cells, small mucous cells and inner polygonal support cells
supports this view. This activity is also seen in the basement
membrane of Mystus vittatus which supports the view that
it may be associated with the fibrous proteins® and the
passage of metabolites across the cell membranes'®"". Insig-
nificant or negative reaction to alkaline phosphatase activi-
ty in large mucous cells and dermis account for their poor
metabolic activities in the present study.

Acid phosphatase activity has been regarded as having a
lysosomal distribution with an important role in hydrolytic
and catabolic wasting processes'®? and in the cytolysis of
keratinized cells’. In whiting the acid phosphatase activity
is restricted to a narrow zone at the extreme exterior of the
epidermis’.

Since keratinization is not found in the present study and
the acid phosphatase activity is confined to the outermost
squamous support cells and basal columnar cells, it may
have some relation to the hydrolytic and catabolic wasting
process.

1 Acknowledgment. We are thankful to P. Vishwanatham,
Government College, Mhow, and Dr R.S. Shrivastava, Holkar
Science College, Indore, for providing laboratory facilities and
to the Council of Scientific and Industrial Research, New
Delhi, for a fellowship for M.S.

2 G.H.O. Burgess, Nature /78, 93 (1965).

191

A.K. Mittal and T.K. Banerjee, Microscopie 30, 337 (1974).
A.K. Mittal and T.K. Banerjee, Can. J. Zool. 53, 833 (1975).
A.M. Bullock, R.J. Roberts and J.M.D. Gorden, J. mar. biol.
Ass. UK. 56, 213 (1976).
6 M. Saxena and S.K. Kulshrestha, Annl Zool. 15, 141 (1979).
7 G. Gomori, Microscopic Histochemistry: principles and prac-
tice. University of Chicago Press. Chicago 1952.
8 A.G.E. Pearse, Histochemistry, theoretical and applied. Chur-
chill Livingstone, Edinburgh, London and New York 1968.
9 G. Bevelander and P.L. Johnson, J. Cell comp. Physiol. 26, 25
(1945).
10 N.B.B. Symons, J. Anat. 89, 238 (1955).
11 M. Mori, W. Yoshika, T. Mizushima and N. Amatusu, Archs
Histol. Jap. 20, 513 (1960).
12 1.F. Danielli, H.B. Fill and E. Kodicek, J. exp. Path. 26, 367
(1945),
13 J. Yamada, Bull. Fac. Fish. Hokkaido Univ. 7, 185 (1956).
14 E.Kiguel, Anat. Rev. 151, 267 (1965).
15 M.S. Burstone, Enzyme Histochemistry and its Applications in
the Study of Neoplasm. Academic Press. New York 1962.
16 R.Moong, Biol. Rev. 21, 41 (1946).
17 J.G.R. Bradfield, Biol. Rev. 25, 113 (1950).
18 H. Zalkin, A.L. Tappel, K.A. Caldwell, S. Shibko, I. D. Desai
and T.A. Holliday, J. biol. Chem. 237, 2678 (1962).
19 A. Mellors and A.L. Tappel, J. Lipid Res. 8, 479 (1967).
20 A. Mellors, A. Tappel, P.L. Sawant and 1. D. Desai, Biochem.
biophys. Acta 143, 299 (1967).
21 G. Emanuelli, G. Satta and G. Perpignano, Clin. chim. Acta
25, 167 (1969).
22 A.L. Tappel, K.A. Caldwell, I. D. Desai and S. Shibko, Archs
Biochem. 96, 340 (1962).

w bW

Increase in muscle fibres in the lateralis muscle (white portion) of Mugilidae (Pisces, Teleostei)!
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Summary. A cycle of postlarval growth is described in the white portion of the lateralis muscle of Mugilidae. The cycle was

identified histochemically by the myosin-ATPase reaction.

The postnatal growth of striated muscle in vertebrates is not
due exclusively to hypertrophy but also to an increase in
the number of muscle fibres. In mammals the increase in
fibre number is quite evident shortly after birth>® (as an
extension of embryonic tissue differentiation®) and during
periods of muscle regeneration'®!>, Muscle growth due to
an increase in fibre number in the adult animal is more
controversial, even though it has been described in the
radialis muscle of rat!® and, more recently, in the sartorius
muscle in man'™®. In birds, a postnatal increase in fibre
number has been reported in the anterior latissimus dorsi
muscle of the adult chicken not only after denervation but
also after simple stretching'®. In fish, postlarval growth has
been studied very little; however, it appears to be ascrib-
able not only to hypertrophy but also to hyperplasia, as has
been reported in the cod and eel’®?, During our histo-
chemical research on muscle fibre types®-%, while looking
for annual variation in the white, pink and red portions of
lateralis muscle fibres in fish, we noted a growth cycle in
the white muscle of Mugilidae, which is reported in the
present paper.

Our results are based on experiments conducted from
November 1978 to March 1980 on 2-year-old Mugilidae of
the following species of different length: Mugil saliens (9-
12 em), M. capito (11-15 cm), M. chelo (7-8 cm) and M.
auratus (15-18.5 cm). The growth rates of these fishes differ
markedly, being greatest in M. quratus and least in M.

chelo. The fish, collected in the northern Adriatic and kept
in aquaria containing sea water at room temperature
(18-25°C), were killed weekly by decapitation under tri-
caine methanesulfonate (MS-222) anaesthesia. The latera-
lis muscle samples, taken from regions underneath the 1st
and the 2nd dorsal fin, were rapidly frozen in isopentane at
—80°C. 10-pm serial transverse sections were cut in a
cryostat and stained for succinate dehydrogenase (SDH)?,
lactate dehydrogenase (LDH)?’, menadione a-glyceropho-
sphate dehydrogenase (M a-GPDH)* and myosin adeno-
sine triphosphatase (myosin-ATPase) after preincubation
for 1-1.5-2 min in 0.1 M acetate buffer at pH 4.0, 4.2, 4.3,
4.6 and in 0.1 M 2-amino-2-methyl-1-propanol at pH 10.1,
102, 10.35 with NaOH?%-*°. Between November and Au-
gust, in all species studied, the white portion of the lateralis
muscle (in contrast to the red and pink ones) was composed
of a single fibre type (fast-twitch) ‘large diameter’ (80-
100 pm), which had a high myosin-ATPase activity, and
which was alkali-stable and acid-labile (figure 1, a), SDH
negative and weakly positive to M a-GPDH and LDH. At
the beginning of September, with the exception of M. chelo,
‘small diameter’ fibres (18-20 pm) began to appear, which
were intimately connected with, and located between, the
large diameter fibres, and whose high myosin-ATPase
activity was not only alkali-, but also acid-stable. These
fibres constituted approximately 20-30% of the total num-
ber of white muscle fibres and were unreactive to the other
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enzymatic staining methods (SDH, M ¢-GPDH and LDH).
At the end of September the small diameter fibres were not
very numerous, whereas ‘intermediate diameter’ fibres,
which showed high myosin-ATPase activity and were
weakly acid-stable, were visibile throughout the myotome
between the large diameter fibres (figure 1, b). Beginning
with the deepest layers of the myotome, the intermediate
diameter fibres increased in diameter and showed high
myosin-ATPase activity, became less and less acid-stable
(figure 2), and ultimately showed no activity whatsoever
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Fig 1. Cross section of the lateralis muscle of the Mugilidae: red
(R), pink (P) and white (W) portions. The white portion is
composed of ‘large diameter’ fibres which have acid-labile myosin-
ATPase activity (a). At the beginning of September ‘small diameter’
fibres appear. These fibres enlarge subsequently in diameter (‘inter-
mediate diameter’ fibres) and, at the end of September, have a high
myosin-ATPase activity that is less and less acid-stable (b, arrows).
Myosin-ATPase reaction following preincubation at pH 4.2. X 69.
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after acid preincubation, as with the large diameter fibres.
The mosaic framework persisted in the.most superficial
layers of the white muscle in proximity to the pink portion
and disappeared completely in November, when all the
intermediate and large diameter fibres showed the same
alkali-stable and acid-labile myosin-ATPase activity. In the
months that followed, the diameters of all white muscle
fibres tended toward maximum values.

On the basis of the myosin-ATPase reaction, it was there-
fore possible not only to observe the appearance of new
small fibres, but also to follow their evolution. Their initial
acid- and alkali-stable myosin-ATPase activity became less
and less acid-stable as the fibres increased in diameter,
until it became acid-labile and alkali-stable, as in the fast-
twitch muscle? 3!, Because their myosin-ATPase activity is
stable to the acid and alkali pre-incubation, the small
diameter fibres could be interpreted either as adult IIC
fibres®> or as undifferentiated fibres similar to those of
embryonic and regenerating muscle!®*3%. The ex novo
appearance of these fibres of very small diameter, their
evolution into type II fibres only*?, and the lack of IIC
fibres in the white muscle during the other months of the
year lead us to believe that the second hypothesis is more
likely. Without our entering into a discussion of its mean-
ing, this particular acid and alkali-stable myosin-ATPase
activity could be due to the presence of slow and fast
myosin in the same fibre**3-% (o0 a characteristic embryon-
ic myosin®*“’, or a hybrid type of myosin* . In conclu-

Fig. 2. Cross section detail of the white portion at the end of
September. The ‘small diameter’ fibres, which are strongly acid-
stable (S), develop into the ‘large diameter’ fibres, which are acid-
labile (L). The acid stability decreases as the diameter increases (I).
Myosin-ATPase reaction following preincubation at pH 4.2. x 275.
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sion, in the white muscle of M. saliens, M. capito and M.
auratus it was possible to demonstrate a growth cycle as
revealed by the appearance of new fibres. Consistent with
this cycle was the absence of new small fibres in M. chelo,
the species with the smallest increase in length during the
experiment. The small, new fibres that we found in the
Mugilidae were similar in their distribution and diameter
to those found by Willemse and Van den Berg in different
postlarval stages of the eel with Sudan black B?. The
reason for this autumnal growth is not clear; it may be
caused by the more favorable conditions of food avail-
ability or the higher water temperature or both. We are
conducting research to verify whether or not this cycle of
growth is annual in the mullet and to clarify the genesis of
these newly formed muscle fibres, which could come from
satellite cells or which might arise by fibre splitting*.
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Survival enhanced by skin-wound trauma in mice exposed to °*Co radiation!:2
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Summary. A 4%-body-surface skin wound given 24 h before exposure of mice to ®°Co radiation raised the LD 50/30 from
825 to 975 rads, resulting in a dose reduction factor of 1.2, Enhanced survival of mice wounded before radiation was

independent of extramedullary splenic myelocytopoiesis.

Increased mortality is observed in rodents subjected to
wound trauma after midlethal doses of radiation®>* In
animals receiving lethal doses of radiation before wound-
ing, survival times are decreased compared to irradiated
controls. Contrary to the decreased survival noted in
rodents subjected to wounding after radiation, wounding
before radiation may enhance survival. However, the data
supporting this are equivocal. In rats, survival was in-
creased® only slightly or not at all® in animals wounded
before midlethal radiation does. In mice, a small increase
in number of survivors was noted when midlethal irradia-
tion followed wounding®. The purpose of this report is to
establish that wounding before midlethal and lethal doses
of radiation enhances survival and that survival is indepen-
dent of extramedullary splenic myelocytopoiesis.

Materials and methods. Female (C57BL/6 X CBA)F1 Cum
BR mice were obtained from Cumberland View Farms,

Clinton, Tennessee, at 5 weeks of age and quarantined for 2
weeks in groups of 15 mice each. Animals were used only if
they were free of histologic lesions of common murine
diseases and of Pseudomonas sp. Splenectomy was done
when indicated on 10-week-old mice under methoxyflu-
rane anesthesia. Wounding and irradiation were performed
when the mice were 14—16 weeks of age. All animals were
housed 4 per autoclaved plastic filter-topped cage, and they
were fed Wayne Lab-Blox diet and chlorinated (12 ppm)
water. The mice were kept in controlled environment
rooms throughout the study. A 2.0--2.5 cm? circular wound
was cut in the anterior dorsal skin fold and underlying
panniculus carnosus muscle with a steel punch cleaned by
immersion in 70% ethanol. Such a wound constituted about
4% of the mouse total skin surface area. Wounding was
done under methoxyflurane anesthesia between 10.00 h
and 14.00 h, 24 h before or after ®Co exposure. The



