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MITOTIC INDEX IN THE CORNEAL EPITHELIUM FOLLOWING
TRAUMA TO TISSUES DIFFERING IN PROLIFERATIVE
ACTIVITY

A, B. Denisov UDC 612.841.1.014.2:612.61-063
KEY WORDS: proliferation; trauma; corneal epithelium; skin; muscle; salivary gland.

Maintenance of a certain number of cells in a tissue is an important component of homeo-
stasis. According to many workers [8] products formed as a result of trauma are regulators
of cellular homeostasis. However, despite long searches for specific growth stimulators, all
substances isolated have been shown to possess relative tissue specificity [8]. Moreover,
growth stimulators have been studied after trauma to strongly proliferating tissues. It is
still not clear whether inactively proliferating tissues have the ability to secrete growth
stimulators.

The object of this investigation was to compare the nonspecific action of trauma to tis-
sues differing in their ability to undergo post~traumatic hyperplasia on proliferation.

EXPERIMENTAL METHOD

Experiments were carried out on 169 mature noninbred rats of both sexes. In the experi-
ments of series I and II the rats were immobilized and the skin shaved in the dorsal region,
after which the epithelium of the skin was scarified until multiple pinpoint hemorrhages ap-
peared (area of injury about 20% of body surface). In the experiments of series III 50% of
theright quadriceps femoris muscle was resected in the rats. A mock operation, with simple
incision of the skin and fascia, was performed on the control rats. In the next four series
of experiments about 20% by weight of the right submandibular salivary gland was removed, and
in the control rats only the capsule of the gland was divided. All traumatic manipulations
were carried out under pentobarbital anesthesia (50 mg/kg). Mitoses were blocked 4 h before
the rats were killed by intraperitoneal injection of colchicine (3 mg/kg). The corneal epi-
thelium (CE), which is one of the tissues with the highest level of proliferation, was chosen
as test object. Furthermore, proliferation in CE is easily changed by the action of various
modifying agents [1, 2, 4]. The mitotic index (MI.) was calculated as the sum of prophases
and c-mitoses (in promille) by the method described in [4]. The dose of colchicine used did
not induce preprophase inhibition of mitosis and it completely blocked metaphase (the number
of ana- and telophases was under 17%). In the experiments of series I and II the animals were
killed on the 2nd, 3rd, 5th, and 7th days, in the remaining experiments on the 3rd day (the
length of the mitotic cycle in CE cells). The results were subjected to statistical analysis
[7]1. Significance was assessed by the U test [3].

EXPERIMENTAL RESULTS

In both experiments trauma gave rise to reproducible and repeated changes in prolifera-
tion in CE which occurred despite the developing stress, which was reflected in atrophy of
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Fig. 1. Changes in MI, in CE and in weight of
thymus in rats at different times after trauma
to epidermis. Abscissa, time of sacrifice (in
days); ordinate, MI, in experimental group (in %
of corresponding control, M *+ m). 1) Weight of
thymus (in mg); 2) experiments of series I; 3)
experiments of series II.

TABLE 1. Statmokinetic Index (MI.) in CE of Rats on 3rd Day after Trauma to Muscle
and Salivary Gland

Muscle 4 Submandibular salivary gland
Statistical index uscle tissue group 1 group 2 group 3 group 4
control | SXPEF" |control | SXPEP” |control | SXPEM” |control | EXDEM” fcontrol | experi-
1,5 3,7 2,9 6,4 3,6 11,4 12,8 35,8 22,3 45,1
2,6 4,8 4,0 6,5 3,7 11,4 15,1 37,4 23,9 45,9
2,9 4,9 4,4 9,9 5,4 14,4 20,3 41,3 30,2 48,2
3,5 7,7 6,4 10,2 5,7 16,4 31,0 45,3 38,0 49,0
7,8 8,1 6,6 10,3 6,6 17,4 39,0 45,5 42,4 60,2
8,7 9,4 — 14,2 7,1 17,5 40,0 50,7 42,9 62,7
9,2 10,6 — — 8,4 17,5 — 53,7 45,1 66,0
10,4 12,4 — —_ 11,8 18,7 — 54,8 49,0 76,9
11,2 12,4 — — 12,4 24,3 — 55,4 — —
11,3 13,5 — — — 24,4 - 56,4 — —
— 16,5 — — — — — 63,5 — —
M 6,9 9,4 4,9 9,6 7,2 17,3 26,4 49,1 36,7 56,8
—m 1,2 1,2 0,7 1,2 1,0 1,4 4,9 2,6 3,6 4,1
1% 56 44 33 30 4 26 45 18 27 20
“my 6 4 6 5 5 2 8 1 3 2
: 2,70 2,87 1,60 1,86 2,51 2,70 1,86 2,87 2,31 2,31
=ma 0,68 0,66 0,91 0,84 0,71 0,68 0,84 0,66 0,75 0,75
t=Alm4>3,0 3,97 4,35 1,75 2,21 3,53 3,97 2,21 4,35 3,08 3,08
E 5,10 6,10 0,20 L7 4,11 5,10 1,17 6,10 3,12 3,12
T mg 0,78 0,76 0,25 0,60 0,54 0,75 0,60 0,76 0,71 0,71
t=E/mg=3,0 6,80 8,02 0,80 1,95 7,61 6,80 1,95 8,02 4,39 4,39
My/My,- 100% 136 196 240 186 155
2 <0,05 0,01 <0,001 <0,001 0,001

the rats' thymus (Fig. 1). The biphasic trend of the changes in the level of proliferation
reflected the course of regeneration in the injured skin: The first peak of increased pro-
liferation coincided with activation of cell proliferation at the edge of the wound, whereas
the second peak was connected with intercalated growth outside the wound [6].

Statistical analysis of the results of the subsequent experiments showed considerable
scatter of values in the groups around a mean value, high asymmetry, and positive excess,
significant in nearly all cases, in the groups (Table 1). The difference in the values of
MI. in the control animals was due to the effect of circadian and seasonal biorhythms, for
individual experiments were carried out at different times of the year and day. Accordingly,
the nonparametric U test was used to calculate significance.
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Trauma to muscle was shown to stimulate mitosis with an increase in MI. (by 36%) in CE.
By performing four identical experiments with injury to the submandibular salivary gland it
was shown that the phenomenon of stimulation of proliferation in CE after trauma is reliably
reproduced.

Acute injury to epithelial, muscle, and gland tissues had a stimulating action on prolif-
eration of CE with the participation of distant mitogenic substances, for contact between CE
cells and products produced by tissue trauma was effected entirely by the humoral route. This
effect probably does not depend on the ability of individual tissues to undergo post-traumatic
proliferation, established during evolution [9]. However, the fact that stimulation of MI.
varied from 155 to 240% is evidence of the action of other, as yet unstudied factors, on pro-
liferation. It can be tentatively suggested that the phenomenon studied is connected with me-
diators of the autonomic nervous system, whose concentration rises rapidly after any kind of
trauma, and which participate in the mechanism of action of growth stimulators [5]. This is
shown by the nonspecificity of the response: In the chosen tissues both the number of mitoses
after trauma and the times of maximal increase in the level of proliferation differed.

The results as a whole are evidence that proliferation in CE is stimulated by trauma to
rapidly and slowly proliferating tissues, and this is evidently connected with the production
of remotely acting substances.
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Calmodulin (CM) is a low-molecular-weight calcium-binding protein which mediates the ef-
fect of Ca’™ on several metabolic processes (synthesis and breakdown of cyclic nucleotides,
glycogenolysis, lipolysis, etc.), and also its effect on membrane permeability (activation of
Ca—ATPase of human erythrocytes, increased permeability of synaptic vesicles for mediators,
and so on) [6]. This protein is found in virtually all animal tissues. Its polyfunctionality
suggests that it is one of the principal intracellular receptors for catt ioms.

Ca-binding proteins are known to possess Ca-ionophore properties, i.e., they can increase
the passive permeability of membranes for Catt. Lymphocytes react by an increase in blast
transformationtonmnyagents,includingthosewhichincreasenmmbranepermeabilityforCa++ions[5].
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