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Indications exist Zhat the application of szimuli which disturb an anirz2 or pain him lead to inhibition of
cell division in the cormeal epitheliuin {2, 3, 6]. Investigating the effect of warious kinds of pain stimuli and
trauma on the cell division of the epithelial cells of mouse cornea, we carue across some mitotic changes which
had not been described in the literature.

EXPERIMENT AL METHODS AND RESDLTS

The experiments were carried out on white mice (male) of approximazzly the same age. The methods of
preparing the cornea azd counting the mitoses were described in an earlier communication [5]. The mitotic
index (number of cell ¢Tvisions in 100 fields, cceresponding to an area of 1 mm?® of cornea) was determined for
the entire comnea, as well as for separate zones {peripheral, middle and central) of it. Before the beginning of
the investigations all tue animals were kept several days in the building undex the same conditons as would
be used for the experirmem. In all, 8 series of experiments were carried out on 114 mice.

- In the first series, 14 mice were placed im Two cages, T in each cage. Both cages were side by side in a
room. In the first experiinental group, a thwead was drawn through the middie of the left hind foot in the meta-
tarsal area and was tied zightly around half of th= limb. Both groups were killed simultaneously at 11 o'clock,
2 hours after the injury. The average indexes, <haracterizing the mitotic aczivity of the cornea of the experi-
mental and control anirzals in this series are shown in Table 1. The results of this experiment corresponded 1o
those found by cther auvhors: pain caused a diszinct fall in the number of mizoses in the cornea, Inhibited cell
division was found in all the comeal zones, especially in the peripheral area.

As is apparent froum the presented data, the difference in the mitotic acaivity of the experimental and con-
trol corneas lay not onlr in the rotal number of divisions but in the correlation of the stages of mitosis, The
number of metaphases was lowest in the injired znimals: 2 houss after the fnjury, there were almost half as
many on the periphery cf the cornea as in t1e control.

In order to obtain sharper changes in the mitotic scheme of the corneal epithelium, we used a stronger
travmatic stimulus in due next series; shattering the limb with injury tothe imnegument in the metatarsal area,

In the second sesies of experiments (¢ experimental and 8 control mice) the animals were killed 30 minutes
and 2 hours alter the 1imd injury. 30 minues afzer the injury, the number of cell divisions in the corneal epi-
thellum of the experinmuental animals was not found to be less than that of the controls (Table 1), The mitotic
indexes of the peripheral zones of both grow ps almost coincide, while in the niddle and central zones they were
noticeably higher in the corneas of the injuted znimals. Two hours after the pain stimulus, the number of mitosis
in the corneas of the experimental mice exceed the number of dividing cells in the corneas of the control mice
by €ven more.
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Effect of Injuring a Limb on the Mitotic Activey of the Comea
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Symbels; P — prophase, M — metaphase, A —anaphase, TE ~ early telophase,
TL —late telophase,

This phencmenon, it would seem, should be regarded as the result of the absence of mitotic inhibition
during severelimb injury. However, this problem required clarification in connection with the fact that the
indicators which characterize the mirotic scheme of the corneas of t1e control animals proved to be exception-
ally low in this series of experiments. In view of this, the control group of mice in the third series was killed
before,and the experimental one 36-40 minutes after,injury (both groups were kept in different cages).

The mitotic activity of the corneas of the control animals conesponded in this case to that usual for the
summez-fall period during which :he experiments were carried out. At the same time, the mitotic activity of
the corneas of the injured mice decreased sharply, especially on the periphery of the cornea, This decrease
affected nearly all the stages of the mitotic cycles, failing to affect only the late stages of nuclear reconstnic-
tion. In the center of *he cornea the mirotic inhibition was weaker and only affected the early stages of cell
division. There is no doubt about thi: fact that there is a sharp decrease in mitosis as a result of injury.

In the fourth series, the contro. and experimental animals werz killed before the pain stimulus and 30
minutes and 2 hours after it.
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As shown {n Table 1, the muuber of mitoses in the sontrol and experimental groups of this series fell
sharply, In the control group, alter 30 minates the average numiber [ nitoses decreased by half, In addiriom,
the inhibitfon of cell diviston is obvious in all the epithelial zones, but, as fn the previous cascs, Is especially
raarked on tire periphiery, The munber of anetaphases in this zone deercased by more than half, the number of
anaphases by 1/7, and of telophases by 1/G. The seneral picture of changes in the mitotic scheme of the carnea
of the experimental animals is cluse to thar observed in the corresponding cotrol, By the ene of the second
hour of the experiments the numnber of mitoses fn the comeas of the experfmental aninals approached the ori-
ginal number, At the same time, the conceas of the control group of mice remained at the previous very low
level of mitotic activity, The tesulis of this series of experfinents reprod iced the picture of changes inmitctic
activity of the animals' corneas in the second serfes without serfous deviations,

PDISCUSSION OF EXPERIMENTAL RESULTS

Qu the basis of the above faéts, can injury of a limb be considered as an inhibitor of cell division ¢ We
believe that such a statement is justified with regard to periods soon after injury, It follows, in particular, from
the first and third series of experiments.

What deternines the sharp decrease in the mitotic activity of the comeas of completely healthy, appar-
ently intact,animals in that case ¥ First of all, the fact that the control mice, which were killed prior to izjury
(third and fourth series of experiments) or simultaneously with the experimental animals, but 2 hours after a
slighter injury of the limb (first series of experiments), had comparatively high and cofncident fndexes of rxitotic
activity, becomes obvious. The mitotic indexes were usually low in the same control animals which were with
severely injured mice under the same experimental conditions,

However, during analysis of the data of the second and fourth series ft is essentfal to keep in mind at
the killing of the mice was accompanied by changes in the numerical composition of the experimental and con-
trol groups. In addition, during the procedure of injuring the animals, they were removed from the cages where
they were usually kept, although for a very short time (the same was done with the control mice). All of these
circumstances, as we {udicated in a previcus communication [5] have a great effect on the mitotic division of

comeal cells,

Nevertheless. the sharp changes fn mitotic activity of the corneas of the control mice which were near the
injured ones cannot be explained solely by the above-mentioned changes. First of all, the sharply decreased
number of mitoses compared with the usual control indicators was found in the first group of the second series,
i. e. before any change in the numerical composition of the group, Further, the mitotic inhibition in the sizb-
sequent groups of mice in the second and fourth series was so marked that both in its extent and duration it
exceeded what we observed during changes in the composition of the group of mice [5). '

The thought arcse that the proximity of mice which had suffered pain was possibly not a matter of indiffer-
ence to the mitotic activity of the normal animals; severe injury could be accompanied, for example, by sound
reactions. Sound stimuli can change the ‘nitotic regime of the corneal epithelium (4].

In order to clarify this problem several series of experiments (20 mice in each serles) were set up. The
animals were placed in 4 cages — 5 in each one. Two cages were placed in one room, two in another close 0
each other. In one room both groups of mice remained intact, in the other, one group of mice received a severe
iujury to a limb. After a certain length cf time. 5 completely intact tmice were killed and 5 mice which were
next to the injured ones. In the fifth serics the mice were killed 10 minutes after the injury, in the sixth cme
30 minutes after it. ’

The decreased number of mitoses at the above times after stimulation was most evident in the metaphase
stage (as in the majority of the preceding experiments). In connection with this we present the data on this
stage of cell division in greater detail (T ible 2).

If there was a hardly perceptible dccrease in the average number of metaphases in the peripheral zome of
the cornea (116 -as against 133 in the conwrol) after a 10 minute sojourr. by the mice next to injured ones, a
30 minute proximity had a sharper and quite distinct effect on the conuol mice: the total number of metaghases
in the coreas of these mice decreased 3%, In addition, the maximum index in the experimental group (137)
was considerably less than that of the cos trol (159), This indicates the incontrovertible existence of this effect.
It is again most marked on the periphery : in this zone the number of motaphases decreased by almost half,
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Not only the sharp decrease in the absolute number of metaphases indicates the undoubted regularity of the
changes cbserved in the mitotic scheme, but also the disruption of the relationship of the mitotic stages usually
common to intact animals. In the conuol, 2%, were prophases, 4% methaphases, &b anaphases and 18% telo-
phases; in the experimentzal group the figures were 34, 30, 10, 26% correspondingly. In the fift series, which
only gave an indication < the initial changes in the mitotic scheme, the number of prophases also proved to be

lower, although this decrease was not statist’ cally significant,

The seventh series of experiments was carried out approximately in the same way as the sixth, with the
exception thaz the animzls of both groups were removed from their cages for some time before injury. This
procedure, alth-ugh it ciuanged the mitotic scheme of the corneas to some extent, did not eliminate the differ~
ences in the oumber of citoses in the animals which sat next to the injured ones and those which had intact
mice as neighbors, The number of prophases in the corneas of mice of the first group compared with the sec-
ond group was increased insignificantiv (by S}, while the number of meta- and anaphases was decreased con-~
siderably (the former by 27, the latter by 39%). Material differences were not found in the number of telo-~
phases (the de iation was 1%). In other words, the inhibition of cell division which developed told on the ini-

tial phases. 1 later periods (an hour after injury) we observed the transposition of the wave of inhibited mitoses

in the comea tarough ali the final phases of mitotic division.

The abcve facts inclicate without doubt that the presence of injured mice in the next cage causes changes
in the mitoric scheme of completely normal animals which suffered no direct injury. The inhibition begins at
the early stages of cell ¢vision and gradually continues to the later stages. The extent of the decrease in the
number of mit-ses and mzture of the change in the stages depends on the length of time elapsing after the injury
and, apparendy, on the sength of the pain stimulus.

" As regasds the direct effect of injury on cell division, the material obtained only allows the following
thoughts to be expressed. Injury to an amimal causes a decrease in the number of cells undergoing divisfon,
This is eviden.t immediazely after the injury and is connected with the general systemic reaction to pain stimu-
lation. It is possible thaz one of the riost important factors determining the inhibitory effect in this case is
adrenalin, as some invescigators suppese {1, 6], Subsequent increases in the number of mitoses in comparison
with their corresponding mumber in thz conuol indicate that after greater lengths of time pain stimulation can
cause an increase in the mumber of cell divisions. Whether this is connected with stimulation of cell division,

of with an increase in thue length of time for it to take place,is not as yet known, .
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