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Cellular multiplication, the most important factor in normal and pathological growth, is closely linked 
with the process of metabolism. However up to now the details of the interrelation of cellular division :with 
metabolic processes in conditions of the entire organism have remained unclear. 

One of the questions scarcely touched by investigation in this field is the question of the role of carbo- 
hydrate metabolism in the regulation of cellular division. 

Fundamental importance in the process of mitotic division of the cell is attributed to glycolysis [3, 6]. 
There is no doubt that the period of preparation of the cell for mitosis, depending on the level of the synthe- 
tizing processes, is connected with the character and the intensity of carbohydrate metabolism. In experiment~ 
on mice, Bullough[1,3] found a connection between the sugar level in the blood and the mitotic activity of the 

epidermis of the ear. According to his findings, injection of starch, producing an increase in blood sugar con- 
tent, considerably stimulates mitosis in the epidermis. In contrast to this upon fall in blood sugar content, pro- 
duced by injections of insulin, suppression of mitoses is witnessed. 

Bullough and also Bullough and Eisa [4] established a tink between the daily dynamic of mitotic activity, 
on the one haud, and the daily fluctuations in blood sugar and also the tissue glycogen content, on the other. 

However Laws [ 5] who studied the mitotic activity of the epidermis and carbohydrate metabolism in nor- 
real and tumorous mice was not able to confirm the findings of Bullough. 

The conflicting published data and the need to clarify the role of carbohydrate metabolism in manifesta- 
tions of cellular multiplication prompted us to undertake the present investigation. We set ourselves the task of 
studying the character of the ~interrelation of the blood sugar level and mitotic activity of the epithelium of the 
cornea. 

The experiments were performed on white mice (chiefly on adult males). Before the experiments were 
conducted a group of mice chosen as far as possible for uniformity were kept a few days in completely identical 
conditions. Blood coagulation, in the determination of blood sugar, according to the method of Hagedorn and 
Iensen, was prevented by addition of potasium oxalate. At the same time the cornea was fixed in Carnoy fluid. 
Mitosis was calculated on the total corneal preparations. As the mitotic index we took the number of mitoses 
per 100 rectangular fields of vision corresponding in general complexity to 1 square millimeter of area of epi- 
thelium. In the present communication we present data obtained in 7 series of experiments on 98 animals. 

First series: 6 days before the experiment 15 mice were placed in one cage. On the day of experiment 
at 10:10 a.m. the first mice were brought from the cage, decapitated and their cornea fixed for histological ex- 
amination. At the same time blood specimens were taken for biochemical analysis. Immediately after sacri- 
fice of the first 5 animals, lasting for 7 minutes, the following 5 mice were taken outand switched to another 
cage. In 15-25 minutes both groups of experimentalanimals, both those which had been switched and those 
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remaining in the former cage, were killed. 

The second series Of experiments was a repetition of lhe first, but with a slight modification, namely:  

lhe last two groups of mice (5 animals each) were killed at earlier stages - (~-1.5 minutes after the 5 control 

animals had been removed from the cage. 

The third scrie~ was treated differenlly from the first two. Tbe 15 mice kept in the cage on the day of 

tbe experiment Were not taken out in fives but one at a t ime at three nlimlte intervals. 

The fourth series was analogous to the third: the group of 10 mice were taken out one at a t ime at two 

minute  intervals. 

In the fifth series of the experiments 20 mice we're used. The animals  were placed in two uniform cages 

with 10 mice in each. 10-15 minutes before sacrifice of the anirnals and fixation of the material  the first (ex- 

perimental)  group was moved to another cage, the second group was subjected to no influence and served as c o n -  

t r o l .  

In tbe sixth and seventh series we investigated the influence of introduction of 0.5% solution of adenosin- 

triphosphate (ATP), neutralized by caustic soda; an equal amount of neutralized distilled water was adminis-  

tered to the control animals.  Whereupon in the sixth series the mice were Mlled 30-35 minutes after intraperi-  
toneal inject ion of ATP and the water at a volume of 0.5 ml.  In the seventh series the mice were killed at the 

same times but the ATP and water were introduced subcutaneously in a volunie of 0.2 ml.  

In all the series of experiments the influence applied, it would seem, was immater ia l  as, for example,  

change in the composition of the group of experimental  at~imals and removal of them to another cage produced 

a perceptible fall in the number of mitoses i n t h e  cornea. These findings are in agreement with material  pre- 

viously published by us. 

As is clear from the table presented by us decrease in the number of mito-~es in all  cases without excep- 

tion was accompanied by an increase in blood sugar content.  Statistical t reatment  of the numerical  mater ia l ,  

true, did not in all  cases show the trustworthiness of the difference in the average values. However the identity 

tff the shifts in mitotic activity and in blood sugar content,  occurring in all the experimental  groups under the 

influence of the varied effects, testify to the law-governed link between the investigated phenomena. 

It is impossible to ignore the fact that this link was observed not only within the confines of a single ex- 

perimental  group, but uDon comparison of tim findings of the various experiments conducted at a different t ime 

and independently Of each other, 

Actually the largest number of mitoses in the corneas of the control grot~ps (400) coincided with the min i -  

mum blood sugar content (113 mg%) and on the other hand tile lowest mitotic index (239) was found in the group 

with the largest original blood sugar value (175 mg%). 

Approximately the same correlat ion appeared upon comparison of the experinae~ta]~ gm~ps of ~he various 

series one with the other. This gives grounds for considering that the factors which in tim earlly s~ages, ~t~ their 

action produced an increase in the blood sugar content simultaneously caused a decrease in the n~m,be~ of mito-  

ses~ 

However, as was to be seen later,  the link between tile blood sugar content and mitotic activity was not 

identical .  

Whereas in those series of experiments which we have just analyzed,  if we compared not the mean indices, 

but the individual fluctuations of mitotic activity and blood sugar in each group then the picture of interrelation,  
as a rule, proves to be different and opposite to that which was noted by us above. In order to illustrate this point 

the data of some series of experiments is given in Fig. 1, 2 and 3. 

As can be seen from these figures, in the majori ty of experimental  groups, the curve of change in mitotic 

activity runs parallel with the fluctuations in blood sugar level .  In other words, high activity was usually obser- 
ved in those mice in which the sugar level  was higher and vice-versa.  Certain deviations from this orderly pat- 

tern were encountered, however in the majority of cases this pattern was sufficiently discernible. 

It is necessary to stress that placing of the mice i n a  new environment ,  which occasioned shifts in file mean 

blood sugar content,  did not have any appreciable effect, in the stages studied by us, on the character of the 
law-governed described relationship. On the other hand, in the first series in the original control group of 
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Mitotic Activity and Blood Sugar Level in Mice Subjected to Various Influences 
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Fig. 1. Individual fluctuations in;blood sugar content (columns)and mi to-  
tic activity (unbroken ,line) in experimei~tal groups of mice of" series I, 
I) First group of mice,  

i I )  Second group of mice,  killed 20 minutes after the first one. 
ILl) Third group of mice, killed,25 m{nutes after the first. 
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animals no direct l ink between blood sugarand rnitotic activity was observed.. In the following two groups sub- 
jected to the above described influences this link was distinct, despite the fact that around this t ime a certain 
increase in the mean blood sugar content with a simultaneons reduction in mitotic activity occurred (especial- 
ly in the third group of mice).  A similar picture was observed in the third series in which the mice  were killed 

one at a t ime at :~ minute intervals. As is clear fromgig. 2 the mutual relation between the blood sugar level 

and mitotic activity of the corneal epithelium, which was not apparent at first became absolutely distinct as 
from the 9th minute of the experiment.  At the very end of the experiment lasting for 42 minutes this re lat ion-  
ship was again Somewhat disturbed. Probably, this was due to the fact that another parallel tendency existed 
and manifested itself: during the t ime of the experiment there was a wave-l ike,  but steady decline in mitot ic  
activity with a simultaneous increase in the blood sugar level .  
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Fig. 2. changes in blood sugar leve! (columns) and mitot ic  act ivi ty of corn- 
eal epithelium in mice ( unbroken line) according to data of experimental  ~er- 
ies III. 
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Fig. 3. Individual Yluctuations in blood ~ugar 

content ,(1) and mitot ic  act ivi ty (2) in group 

of .control mice  of series VII. 

881 



Thus, the interrelation between tile blood sugar and mitotic activity of the cells was not in all cases iden- 
tical. There existed at least a dual kind of relationship between them. On the one hand the influences produc- 
ing increased blood sugar determine a simultaneous decrease in the number of mitoses and, on the other, mi to-  
tic activity was higher in those animals in which the blood sugar concentrations Were larger. These two tend- 
encies may appear at the same t ime since the presence of  one orderly relationship does not exclude the exis- 
tence of another. It is fully possible that in other experimental conditions the dual mutual relatiomhip between 
blood sugar and mitoti~ activity will reveal some other peculiarities. 

In the experiments conducted by O. T. Movchan and Yu. P. Butnev on white rats the number of which was 
gradually reduced in 4 days (and not in a few minutes) a dual relationship between the blood sugar level and 
mitot ic  activity of the corneal epithelium was found. However this relationship was of a somewhat different 
character. The gradual decline in the number of rats in the cage was accompanied by a slow growth in blood 
sugar occuring simultaneously with an increase in the number of mitoses in the cornea~ Together with this, com-  
parison of the individual fluctuations in blood sugar and the number of mitoses did not disclose a direct link be- 
tween them. The curve of individual fluctuations of  mitotic activity proved to be a completely accurate (mir- 
ror-like) reflection of the curve of changes in the blood sugar level in separate animals (determination of blood 
sugar and mitotic activity in rats in this experiment was conducted after they had been kept for an hour in gas 
exchange chambers). 

Thus, even in this experiment, in a Somewhat different form, the same dual nature of the link between 
blood sugar and mitotic activity Was identified. This lawftfl relationshi p is not peculiar t o rats but is associated 
with the conditions of performance of the experime~nt analyzed and With protracted change in the composition 
of the group of rats and with their protracted stay in the gas exchange chambers. 

The biological purpose of the existence Of the dual link between mitotic multiplication of cells and blood 
carbohydrates at present remains unc l ea r ,  It may:well be that this duality is determined.by the different role of 
blood sugar in the process of cellular division and in the periods of preparation for:it. Both these stages in the 
life cycle of the cell (mitosis and inter tdnesis) differ from other each in their chemical ,  physiological and mor-  
phological features. One and the*same factor  acting in a different way in:the~e stages in the life of the cell is 
bound to produce non-uniform changes in the mitotic activi ty of the tissue. However, this question requires 
special study. At present we  consider it pogsible to affirm only the fact itself of a lawful link between mitotic 
activity and carbohydrate content. In this the link of mitotic activity with carbohydrate metabolism is charac- 
terized by great complexity. It is not identical even in One and the same experimental condition. 

We consider that absence of an identical relationship between mitotic activity and blood sugar content 
has prevented certain investigators from seeing any general law-governed pattern in the mutual relations of these 
phenomena. 

L I T E R A T U R E  C I T E D  

[1] Butlough, Vq. S. Nature 163, 4148, 680-681 (1949). 

[2] Bullough, hz. S. Expfl. Biol, 26, 1, 83 - 99 (1949). 

[3] Bullough, W. S. Biol. Revs. 27, 2, 133-16~ (1952). 

[4] Bullough, W. S. and Eisa, E.A.,J .  Exptl. Bi01. 27, 3 -4 ,257-263  (1950). 

[5] Laws, J. O., Brit. J. Cancer 8, 3, 242 - 245 (1952). 

[6] O'Connor, R. J. ,  Brit. J. Exptl. Pathol. 31, 3 ,390  - 396 (1950). 

882 


