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It has beenshown by one of us [3] that the mi tot ic  regime of the corneal ep i the l ium of mice  is to a con-  
siderable extent  determined by the condition of the animal ,  and by envixonmental factors (maintenance  factors, 
visual and auditory st imuli ,  etc.) .  In our subsequent work we found stil l  more dist inct  effects on ce l l  mu l t i -  
p l icat ion of such environmental  factors as at  first sight seemed to us to be negligible.  In par t icular ,  we observed 

that  the number of animals  in a group, its uniformity, and other such factors could have a well-,defined effect  
on mitot ic  act ivi ty .  Since these effects were of interest from the methodological  aspect and for the study of the 
effect  of natural environmental  st imulants on the process of cel l  division in the cornea, we undertook a special  

exper imenta l  study of them. 

E X P E R I M E N T A L  M E T H O D S  

Male white mice were taken for the experiments.  The corneas, after f ixation In Carnoy's fluid followed 
by staining, were cut into serial  horizontal  sections. The  number of mi tot ic  phases were counted for each cornea, 
down to the late  stages of nuclear  reconstruction of daughter cells ,  which were counted separately,  and a chart  

showing distribution of mitoses over the epi the l ia l  surface was prepared by our previously described method [3]~ 
The mitot ic  ac t iv i ty  of the epi the l ium was derived from the number of mitoses per 100 fields of vision, which 
with the ocular diaphragm used by us correstionded to 1 sq. ram. of corneal surface. In order to obtain a fuller 
picture of the changes taking place  in the corneal epi thel ium,  we ca lcula ted  the m i t o t i c  index in each case for 
the cornea as a whole as well  as for its individual  layers:  outer ,  central ,  and Inner. The experiments were 

. performed at  different seasons of the year,  comprising 8 series of experiments on 92 mice .  

In the first three series we investigated the effect  of varying the number of mice  in a cage on the mi to t ic  
ac t iv i ty  of their corneal  epi thel ium,  taking into account the length of t ime that the various groups remained in 

the cages. 

The experiments  of the 1st series were don# on two groups of mice kept for a long t ime in two adjacent  
cages, 5 mice  to each.  One day before ki l l ing the mice  and removing the corneas, the mice of one group were 

isolated,  each in its separate cage.  No changes were made for the second group, which served as a control.  

The mice of the second two series were also divided into two groups, one of 5~ and the other of 15. 
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In one case (2nd series) the mice remained in their cage 4 days, and in the other (3rd series) 15 days, 
before killing and taking of material;  both groups of each series were ldlled on the same day. Only 5 mice of 

the groups of 15 were taken for counts of mitoses. 

The results of these experiments are presented in Table 1. 

T A B L E  1. 

Effect of the Number of Mice in a Group on the Mitotic Activity of the Corneal Epithelium 

Stage of 

I i Number of days the groups were kept together in one cage 

I 4 15 
mitosis number of mice in group 

number of mitoses 

Prophase 
Metaphase 
Anaphase 
Telophasgearly 

" late 

Total 

81 
174 

42 
50 
39 

386 =E 26 

70 
141 
35 
43 
35 

3244-21 

72 
187 

41 
56 
36 

392+ 10 

66 
160 
39 
49 
36 

350 4- 28 

84 
181 
40 
54 

a___kC 
3973= 20 

83 
196 
40  
53 
38 

410::t:18 

The results show that the longer the mice are kept together in their individual groups, the smaller becomes 

the difference between the mitotic activities of the corneal epi thel ium in small and large groups. The most 

marked increase in the total nm-nber of mitoses (all  stages) is found in the group of mice in which the individuals 

were isolated from each other a day before the experiment (1191O7o of the control figure). The differences between 

the mitotic indices are smalIer (125) for the second series, while in the third series there is good agreement 

between the vatues of all  the indices for both groups of mice (difference 3%). 

Whereas prolonged association of mice in numerical ly  different groups has no significant effect on the 

mitotic activity of their corneal epithelium, changes in the strength of the groups (removal of part of the group) 

have an immediate  and marked effect on the mitotic index of the remaining animals.  A more  detailed exami-  

nation of this phenomenon was made in a number of series of experiments, as follows. 

In the 4th series of experiments we placed 15 male mice of about the same weight into a fairly small cage, 

and killed them 4 days later, at the following times: 5 mice at 10:05, 5 at 10::40, and 5 at 12~;05 hours. Thus 

the second lo t  was killed about 35 minutes after removal of the first, and the third 1or of 5 mice 1.5 hours after 
removal of the second. 

The next series differed from the 4th in that the mice were killed in an adjoining room, so as tO exclude 

the possibility of any effect produced by noises incidental  to removal and fixation of the histological material .  

The 6th series was treated identical ly,  except that the animals were killed 30 minutes earlier, so as to check 
whether the effects found were due to differences in the t ime of day, rather than in the experimental  procedure. 

In the 7th series, the second group of mice was killed 15 minutel  after the first, instead of 80-35 minutes, 
as in the preceding groups. 

As appears from Table 2, the same result is found in all  the series. Irrespective of the t ime of day, the 
removal of part of a more of less uniform group of mice invariably leads to a regular and relat ively abrupt 

inhibition of mitotic activity- in the corneaI epithel ium. This inhibitory effect is most marked in the outer zone, 
less so in the middle zones, and least of all in the inner zones. 

The strict sequence of changes in gxe phases of mitosis is of special interest. The greatest effect 15 minutes 

after removal of the first group of mice is seen in the remaining ones of series 7 in the prophase of mitosis, the 

fall in the number of ceils in metaphase being somewhat smaller. We could find no change in the number of 

cells in later stages of mitosis, in this series; series 4, 5, and 6, however, give an idea of changes taking place 
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at longer intervals after the removal  of part of the animals of group, viz. ,  38-37 minutes. By this t ime the la ter  
stages of mitosis are the more Inhibited. This effect  is most marked in the metaphase,  but is also evident  in the 
anaphase and In ear ly telophase;  the la t ter  applies only to the outer zone of the cornea. After 30-40 minutes 
the number of cells in prophase exceeds the Init ial  value.  

These changes in the mi to t ic  phases show that inhibit ion of mitosis takes place Immedia te ly  after removal  
of the first lot  of mice from the groups. It first affects the prophase, and goes on progressively to affect the 
la ter  stages of mitosis. A result of inhibit ion of entry of cells  into division is not only to reduce the number of 
mi tot ic  phases visible,  but also to reduce the to taI  number of cells  undergoing mitosis. A s ta t is t ical  t rea tment  
of the exper imenta l  mater ia l  confirmed the va l id i ty  of the changes observed in the mi tot ic  ac t iv i ty  of the corneal  
epi the l ium.  The changes in the number of cel l  divisions In the middle  and inner zones of the cornea are too 
small  to be regarded as s ta t i s t ica l ly  significant.  Inhibition of mitosis due to reduction in the number of mice  in 
a group is apparently only a transient phenomenon, since a new wave of mitoses appears 30-40 minutes la ter ,  as 
is shown by the increase in number of ceils  In prophase at that t ime .  

As Is evident  from the data of Table  2, at about 1 1 /2 -2  hours after the beginning of the experiments the 
level  of mi tot ic  ac t iv i ty  rises, approximating to the ini t ia l  value, and the relations between the various phases 
even  out, Even at that t ime,  however, there stil l  persist differences from the picture presented by the mice of 
the first group to be ki l led.  The number of mitoses in the outer zone of the corneal  ep i the l ium is st i l l  percept ib ly  
lowered while at the same t ime i t  in all  cases exceeds the in i t ia l  value in the central  zone. Changes in the 
mi tot ic  index are also seen when the mice are removed from a group one by one over a varying length of t ime .  

In  series 8, in which the operation lasted for 20 minutes, we observed a gradual fa l l  in the number of cel l  divisions. 
The first mouse to be removed,  at l l :00hours ,  had a mi tot ic  index of 352, which fel l  to 347 ,342 ,  305, 297,275, 
183 for the succeeding ones. The regulari ty of this phenomenon is further shown by the observation that inhibit ion 
of mitosis was ini t iated by a diminution in the re la t ive  and absolute number of ceils  in prophase. As in the 
preceding series, this effect  was most pronounced in the outer zone of the cornea.  In the first 3 mice to be re-  
moved, 27% of mi tot ic  cells  were in prophase, as compared with only 16.5% in the last  three. I. A. Utkin has 
previously described a s imilar  observation. 

Taken as a whole, the above exper imenta l  results permit  of no doubt tha t  the effects described are re la ted  
only to the factor of change in the numerfcal  composit ion of the groups of mice ,  and are not re la ted to the t ime 
of day or of year.  Mitotic  division of ceils is most sensitive to what would seem to be barel.y percept ib le  changes 
in the environment.  

The exper imenta l  results described in this paper  can be comprehended only from the standpdint of the 
decisive importance of reflex mechanisms in regulat ing cel l  division. This viewpoint  is confirmed by the incon-  
testably proven high sensitivity of metabol ic  processes to environmental  factors. Changes in metabol ic  ac t iv i ty  
of members of groups of animals in response to changes in the nature and size of the group have been established 
for a number of mammal i an  species, including rodents [1, 2]. 

Our exper imenta l  results show how cautiously one should approach the planning and execut ion of experiments  
on mitot ic  act ivi ty ,  The results indicate the necessity of a c r i t ica l  revision of the exper imenta l  mater ia l  presented 
by certain research workers on the subject of the dynamics of cel l  division, unless they took into account the effects 
of changes in the numerica l  composition of their groups of exper imental  animals~ 
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