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EFFECT OF CORTISONE ON POSTTRAUMATIC
REGENERATION OF MAMMALIAN SKELETAL MUSCLES

T. M. Kovalenko UDC 616.74-001-003.93-02:615.357.453

Prolonged administration of cortisone to sexually immature rabbits and rats after previous in-
jury to the tibialis anterior muscle inherits the regeneration of skeletal muscle tissue, as mani-
fested by delay in growth of the myosymplasts and muscle tubes. In rabbits by the 15th day after
the operation the area of the muscular components of the regenerating focus was leas than their
area in the control, Analysis of the intensity of methionine~3H incorporation into the regenerat-
ing eiements of the muscle tissue showed a significant decrease in uptake of the label into nu-
clear and cytoplasmic proteins of the myosymplasts of rats receiving cortisone. Inhibition of
protein synthesis in the early stage of differentiation of muscle tissue was less marked than in
mature differentiated muscle fibers of the intact muscle.

KEY WORDS: Regeneration of skeletal muscles; incorporation of methionine-?H; area of com-
ponents of regenerating focus.

The investigation of the hormonal regulation of morphogenetic processes and, in particular, of processes

of regeneration is an urgent problem of practical as well as theoretical importance [1, 7-9]. Hormones are
known to control the synthesis of specific proteins in the tissues [6, 10, 11-13] and they can thus determine the
direction of growth and differentiation of cells {2, 4]. :
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TABLE 1. Areas of Muscle and Connective-Tissue Components of Focus of Regenera-
tion in Rabbits (in units of area of paper models)

. Ratio between muscle
Muscle components Comnective~tissue components and connective-tissue
components
No, of No. of No. of No, of
rabbit area rabbit area rabbit area rabbit area control experi*
control (expt.) (control) (expt.) : ment
1 79,0 7 46,0 1 16,7 7 11,9 4,73 3,87
2 50,0 8 29,7 2 15,3 8 7,7 3,27 3,86
3 44,5 9 21,0 3 18,5 9 8,3 2,41 2,53
4 73,0 10 43,5 4 16,1 10 7,3 4,53 5,96
5 68,0 11 43,0 5 17,2 11 11,1 3,95 3,87
6 65,0 12 25,0 6 15,9 12 8,3 4,09 3,01
MEm 63,2+5,8 MEm 34,7%:4,6 M=xm 16,6=0,5 M=Em 8,8%+0,9 3,8%+0,9 . 3,9+=0,5
P<0,01 P<0,001

TABLE 2. Incorporation of Methionine-*H
into Nuclei and Cytoplasm of Myosymplasts
and Muscle Fibers of Rats on Tenth Day after

Operation
B oo | Mean number of
a5 8| o §ra1 of silver per
wlad |3 g Oolzxsz area of
Test object 5o g E* s 8 _
S E & | 2B ayion 1ei
EQe8 g ] 2 Vi .| nuclet
SEE2 |65 8 |ptam
Muscle fibers
control 270 324 161 | 5,6=0,4117,4=1,4
P<0,01 | P<0,01
experiment 270 241 483 | 2,6*=0,2| 7,5=0,6
Myosymplast
conro. 77 49913 |12,2==0,9 | 18,8=0,8
P<0,05 | P<0,05
experiment 73 35411 | 8,2£0,5112,7£1,4

The object of this investigation was to study repair processes in the skeletal muscles during a change in
the glucocorticoid balance of the body. Data on this problem at present available are few in number and con-
tradictory in nature [3, 5].

EXPERIMENTAL METHOD

The test material consisted of the tibialis anterior muscle of 48 sexually immature male rabbits weigh-
ing 650-800 g and 16 Wistar rats weighing 95-100 g. The operation was performed under strictly aseptic condi~
tions., After a linear incision in the skin and fascia the left tibialis anterior muscle was exposed and a hole 5
mm in diameter was made in its center in the rabbits by means of a special punch; in the rats the muscle was
cut transversely for a distance of 3 mm. The tibialis anterior muscle of the right limb remained intact. From
the first day after the operation some animals received cortisone acetate by inframuscular injection, the others
physiological saline. The dose of the hormone was calculated by the equation: a =a, (P/PO)Z/ 3 (a, is the dose
for man, P, the human body weight, P the body weight of the animal), on the hasis of a daily therapeutic dose of
cortisone of 0.1 g. At various times after the operation the rabbits were killed, the material was fixed with
Zenker-formol, and usual histological treatment carried out. For outline drawings of the areas of the focus of
regeneration preparations stained by Mallory's method were used. The areas of paper models were measured
with a planimeter.

To study the effect of cortisone on the intensity of protein synthesis in the muscle tissue, methionine-*H
was injected in a dose of 3.5 uCi/g into the rats 4 and 16 h before decapitation (on the 10th day after the opera-
tion). Material was fixed in Carnoy's mixture. Sections through the muscle were coated with type R emulsion,
The duration of exposure of the autoradiographs was 40 days. The number of grains of silver above the cyto-
plasm and nuclei of the myosymplasts (region of the wound) and in 100 fragments of muscle fibers of intact
muscle from each animal was counted. Meanwhile the corresponding histological structures were drawn
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Fig. 1. Region of injury to tibialis anterior muscle in rabbits: I) 7 days after operation:
a) control, b) experiment (Carazzi's hematoxylin, 24 x); II) 15 days after operation: c)
control; d) experiment (Mallory's method, 56 x).

and the mean number of tracks determined per 100 pu® area of nuclei and cytoplasm. The numerical results
were subjected to statistical analysis.

EXPERIMENTAL RESULTS

By the fifth day after the operation the resorption of debris in the zone of injury was finally complete in
the control rabbits. On the seventh day granulations developed in the region of the wound, and in the peripheral
areas they had already come to resemble young connective tissue (Fig. 1a),

Injection of cortisone sharply inhibited autolysis and phagocytosis, with the result that the fragmentation
of the damaged muscle fibers and resorption of the debris thus formed were delayed (Fig. 1b). The central
parts of the region of injury were filled with inflammatory exudate and fibrin and no granulation tissue deve~
loped, so that proliferation of the fibroblasts was sharply depressed. Not until 10 days after injury was the
zone of damage freed from muscle debris. The developing connective tissue showed intensive differentiation
accompanied by rapid reduction of blood vessels and more rapid collagenization than in the control. On the
fourth and seventh days after the operation no appreciable decrease in the intensity of formation on young
muscle elements could be observed in animals receiving cortisone. Later growth of myosymplasts and muscle
tubes was delayed, and this was especially marked on the 15th day of the repair process. By the 15th day the
area of the muscle components of the regenerating focus was smaller in the experimental than in the control
rabbits. The area of the connective-tissue regions of the regenerating focus was reduced correspondingly
(Fig. 1c and d; Table 1). Analysis of the autoradiographs of the control animals showed intensive incorporation
of methionine-3H into the cytoplasm and nuclei of the muscle tissue as early as 4 h after injection; the intensity
of incorporation of the label into the nuclei was much higher than into the cytoplasm (Table 2). Incorporation
of methionine-’H into nuclear and cytoplasmic proteins of the myosimplasts was inhibited in the experimental
rats and the concentration of label in the cytoplasm and nuclei of the intact muscle fibers also was reduced
(Table 2). Comparison of the intensity of incorporation of methionine-3H into the intact muscle fibers and re-
generating muscle elements showed that in the early stage of differentiation of muscle tissue the inhibition of
protein synthesis in the myosymplasts under the influence of cortisone was less marked than in the differen-
tiated muscle fibers (different significant according to the criterion of signs; P =0.025).

Cortisone, in the doses tested, thus inhibits regeneration of muscle tissue; the delay in growth of the
myosymplasts correlates with the inhibition of protein synthesis, It can also be concluded from these results
that at different levels of differentiation the antianabolic effect of cortisone is exhibited to a different degree.
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CYTOLOGICAL FEATURES DISTINGUISHING GROWTH
OF THE RAT LIVER IN THE EMBRYONIC AND NEONATAL
PERIODS AND DURING REGENERATION

Z. A. Ryabinina and E. A. Lisnevskaya UDC 612.65'35.014.1

Embryonic and neonatal growth of the liver was studied in August rats and compared with growth
of the regenerating liver of adult animals in the early stages after partial hepatectomy (22, 48,
and 72 h after removal of two thirds of the organ). The mitotic activity and area of the nuciei of
the hepatocytes were determined and the number of binuclear cells counted. Several general
principles were discovered in the dynamics of the changes in the cytological parameters of em-
bryonic and neonatal growth of the intact liver and growth of the regenerating liver of adult rats
in the early stages after resection.

KEY WORDS: Embryonic and neonatal liver; regeneration; hepatocytes.

Studies of the growth and development of the liver in the early stages of ontogeny have recently been pub-
lished [2,3]. However, many aspects of the cytological processes taking place under these circumstances re-
main inadequately explained and require clarification and further study. Meanwhile, regeneration of the liver
after resection takes place to some extent through cytological processes which are the same as those found in
the organ during its normal growth [1].

It was therefore thought worthwhile to make a comparative cytological study of growth of the embryonic
and neonatal liver and of the regenerating adult liver in the early stages after resection.

EXPERIMENTAL METHOD

Rats of the August strain were used. The liver of embryos (of the 19th~20th day of gestation), newborn
rats (until 3 h after birth), and day-old animals and the regenerating liver of adult rats (weighing 191 =28 g)
from which two thirds of the liver had been removed, was investigated. The hepatectomized rats were killed
22, 48, and 72 h after the operation. At each time of study four to sixanimals were chosen, Theliver (intactand
regenerating was weighed. Material was fixed in Carnoy's fluid; the number of mitotically dividing hepatocytes
in 6000 cells was counted in histological sections 5 u thick, stained with hematoxylin and eosin. The mitotic
index (MI) was expressed in promille. The number of binuclear hepatocytes was counted in 2000 cells and
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