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In our previous paper [4] we described the results of a study of mitotic activity in relation to changes in 
blood carbohydrate content. Our findings gave definite evidence of the existence of a correlation between them. 
In view of this, and since carbohydrates are the substrates of oxidative processes in the tissues, we undertook the 
present experimental study with the object of asce.-talnlng whether mitotic activity was dependent on the level 
of basal metabolism of the org.~nism. 

We reported In one of our earUer papers [5] that changing the environmental condTtions of rats led to in- 
hibition of mitotic activity, associated with considerable enhancement of gaseous metab~)llsm. As these reac- 
tions faded out, l.e., as the animals became accustomed to their new surroundings, mitotic activity gradually 
rose to the normal levels, and oxygen uptake fell. These observations thus pointed to the existence of an Inverse 
relationship between Intensity of gaseous metabolism and mitotic activity. However, this antagonism, observed 
by us in relation to the reaction of the animals to environmental changes, may have been the result of the action 
of some third factor, functioning simultaneously, and participating In the achievement of the reaction. Such a 
factor might, for example, be adrenaline, the secretion of which by the adrenal glands is enhanced when the anl- 
mal~ are In an excited state. 

The question arose, In this connection, as to whether mitotic activity would be changed, and In what direc- 
tion, In animals In which oxygen uptake was stabilized at a raised level, withou t Involving change In environ- 
mental conditions. Does the Intensity of cell division depend In any way on the basal metaboUc rate? 

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

Our experlment~ were performed on male white mice which had been maintained for a number of days un- 
d ~  standard conditlom. We caused changes In their basal metabolism by applying the fully physiological pro- 
cedure of segregating animals which had been members of a given group for a shorter or longer period, and plac- 
Ing them Into separate cages. It Is known from the work of a number of authors [1, 2,3] that this causes a sus- 
tained rise In basal metabolism of certain mammals, Including laboratory rodents. Since we had to study mi-  
totic activity and oxygen uptake simultaneously, we conducted our experimenta in gas-exchange chambers, spe- 
da i ly  constructed for the purpose (we used chambers of the type designed by N.I. Kalabukhov In our earlier ex-  
periments). The chambers were fitted with a device providing for the maintenance of an air-stream through 
them, and In this respect they did not differ from the usual respiratory exchange chambers; the only novel fea-  
ture of our chambers was that they consisted of four separate chambers, tn place of the usual single chamber, all 
four chambers working simultaneously. The mice were Introduced into the respiratory chambers after they had 
been kept under standard conditions for some time. We measured respiratory exchange immediately after the 
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mice were placed In the chambets (they were then at once killed), and al~o after one and three days. In the lat- 
ter two cases the air-tight roof of the chamber was replaced by wire netting when metabolic n~_asurements were 
not being made, tn order to ensure free access of air to the animals. The duration of the experiments involving 
measurement of oxygen Intake was In all ca~s 30 minutes. The experiments were cot~ducted during the fall and 
the winter, at room temperature (10-18"). Under such temperature conditions herd metabolic reactlora are welt 
developed [2, 3]. 

The oxygen Intakes were calculated per kg live weight of the animal. Where the mice were kept In groups 
we calculated the oxygen l~take per unit weight of the group taken as a whole. ~,t~totic aett~-ity was observed 
In fixed preparations of whole corneal epithelium. We took the mitotic Index as being equal to the number of 
mitoses observed In I00 square fields of vision, corresponding to 1 mm 2 of corneal surface. We counted the 
number of mitoses, and recorded the numbers of each mitotic phase. 

EXPERIMENTAL RESULTS 

We performed 12 series of experiments on 06 animals. In six of the series we studied the correlation be- 
tween mitotic activity and basal metabolism, while the other six served as controls of these six groups, 

We killed eight mice of each of the first and second series, which resembled each other In every detail, 
Three mice, taken from the group of five. were distributed singly in separate chambers, The control group (five 
mice) remained together In a single chamber. All animals were killed immediately after completing measure- 
ment of respiratory exchange, i.e., 35-40 minutes after the members of  the group had been segregated. 

Respiratory exchange was measured in the third and fourth series after the mice had been kept in the res- 

piratory chambers for some days. 

In the fifth and sixth series the mice were kept in groups or singly for three days. 

We performed control series of experiments, in order to assess the effect of the actual experiment of meas- 
uring gaseous metabolism on the mitotic activity of the groups of mice under investigation. In these series the 
animals were placed in the metabolic chambers as before, but respiratory exchange was not measured. 

The mice of the seventh and eighth series were killed 35-40 minutes after having been placed in the res- 
piratory chambers, after or~e day for the ninth and tenth seFes, and after three days for the eleventh and twelfth 

series. 

The average results of mitotic counts for the corneal epithelium and of measurements of oxygen intake 

are presented in the table, covering all the series. 

Our experimenu gave very uniform results. Gaseous exchange was invariably greater In mice segregated 
singly for various lengths of time. Thus, if the mean oxygen intake per kg body weight was 756i13 cm s (mean 
of aU group~9, the value foun,5 for mice kept In isolation for various lengths of time was 1403i12 cm s. The 
statistical significance of the differences between the respiratory exchange of the groups under comparison Is 

such as to leave no doubt of the reality of the phenomenon. 

As Is evident from the numerical data presented in the table, the raised level of oxygen intake corresponds 
with a higher mitotic activity. In all 12 series the mitotic index of the corneal epithelium of isolated mice is 
much higher than for animals kept in groups, statistical treatment of the data gives a sufficiently high degree 
of significance of the shifts in mitotic activity, both for each series separately and for all the series taken to- 

gether. 

Although the absolute values of the mean mitotic indices vary from experiment to experiment, the general 
shift In the number of mitoses observed in the corneas of solitary mice, as compared with the value found for 
those kept In groups, Is found regularly. The column of figures representing mitotic activity of solitary mice dif- 
fers considerably from that for mice kept In groups. The probability of this dlfference's being due to chance Is 

less than 0.005. 

The actual procedure of determining respiratory exchange had. In general, no appreciable effect on the 
significance of the observed differences between the experimental and the control series. The same shifts In mi- 
totic activity were found In the blank experiments tn which respiratory exchange was not measured as In those of 

the first six series. 
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Mitotic Activity of the Corneal Ep:thelium 

No~ Duration of Animal~ kept together in Series 

3 
4 
5 
6 
'/ 

8 

9 
10 
I I  
12 

experiment 

40 rain 
40 rain 
24 hrs 
24 hrs 
72 hrs 
'/2 hrs 
40 mtn 
40 rain 
24 hrs 
24 hrs 
72 hrs 
'12 hrs 

M e a n  

and Basal Metabolism of Mice Kept Singly o~ In Groups 

Animals se~.~eg a t ~ 
mean mitotic index 

figures control 

. . . .  - r e -  , ,  

161~7 
131i24 
247~60 
125~10 
159~5 
100:~2 
115i43 
113110 
145i5 
187:Ell 
176i20 
161~5 

mean rot- I mean oxy- 
totic Index [ gen Intake 

152 t l l  

124 
17"1 
219 
1"/9 
130 
128 
28"/ 
217 
134 
128 
212 
156 

174~16 

130,13 '/36 
74 ~ 8 "/52 

113 i 14 805 
"/-0,6 764 

122i'/ 782 
78i8 700 
4015 

5 2 i l l  
109:L5 
146 i 10 

83 ~ 13 
I03~I0 

93~9 '/56:~ 13 

m e ~ e  n Intake 
in absolute 
figures 

1351 ~ 17 
1396i56 
1441122 
1396 ~ 6 
1428:E 16 
1404i42 

1403 i 12 

as go or 
con~ol 

184 
186 
179 
183 
183 
201 

186i3 

We are thus fully justified in stating that all animals showing a sustained rise in basal metabolic sate are 
also distinguished by file high mitotic count of the corneal epithelium. 

The figures representing relative Changes in mitotic activity and in oxygen intake correspond fairly closely 
with each other: oxygen intake of solitary mice was raised by 86~, and mitotic index by 74,%. 

The ob~rvatlon that the mitotic count varies parallel with the basal metabolic rate after both long periods 
of isolation and after short ones, of tile order of 35-40 minutes, sUggests that not every relative Increase In respi- 
ratory exchange taking place durlng a short period of time is necessarily associated with Inhibition of mitosis 
of tissue cells, as might have been concluded from a study of the data of the previously cited paper [5]. 

The essential difference between out present experiments and our earlier ones Is that we now transferred 
the animals of both the experimental and the control groups to the metabolic chambers. The reaction to their 
tramfer to a novel environment should therefore have been the same In both groups of mice. It may hence be 
concluded that the Inverse correlation between basal metabolism and mitotic activity Is due to a reaction of the 
organism to novel environmental features. In those cases In which heightening of basal metabolism is not asso- 

ciated with this reaction it leads to an increase In the mitotic index. 

We were not able to discern any significant or conslster~t differences between the telattve proportions of 
the mitotic phases observed in the corneal epithelium of mice kept singly or in groups, the animals of the ex- 
perimental and control groups being killed after having been kept In the metabolic chamber for the same lengths 
of time. This shows that the enhancement of mitotic activity of the corneal epithelium of animals having a 
high basal metabolic rate Is the result of a more or less uniform and regular Increase In the number of mitoses. 

affecting all the mitotic phases equally. 

It would have been vet,/desirable to compare the velocities of mitosis of the corneal epithelium of mice 
kept singly and In groups. Unfortunately, however, our attempts at assessing these velocities have not so far been 

tuccesfful, because of the experimental difficulties Involved. Nevertheless, and Irrespective of what may be the 
ultimate results of determination of velocities of mitosis at different basal metabolic rates, our resulu support 
the conclusion that the durations of mitosis and of the resting phase are In some way related to the basal meta- 
bolic rate. Intensification of metabolic processes, reading to a prolonged and sustained rise in the number of 
mitoses, determines the relative, and possibly also the absolute, shortening of the resting phase of the life cycle 

of the epithelial cells of the cornea. 

Thts shortening of the testing phase appears to be due to lntemlficatlon of synthetic processes in the cells. 



SUMMAP.Y 

D ~  c~c~t~n~ ~e ~ i ) ,  G; int~elafle~hlp ~ .  ~c mitotic ~cflvi~ of the cot~e~l cp(~eHum and 
the b ~ l  met~Lx~Jc r~t, h~ m~ce ~r~ F~e~nted [n ~is p~;~.  ,~3Ac~ ~ c h  wc~c k~p~. in l~d~.~l~ual cage~ and 
~ewral mice kept toge-the~ l.q one card~ were u*~r in tht~ ex,~flmenL Ox-yg~a co~tm~p~!on in m~c~ k,p~ in In- 
dividual c~ge~ t~ F~ t rn~n t iy  inc~*~d.  T~.~ l~-c~c~d numL~.~ of m~o~.e~ it} ~hc cornc~! cp~h~ttum cortes- 
pond, to ~he r !~  in oG:gcn consumption by d~*~* aMmal,. Inc~ea~e~ n~r~.e~ef m i t o ~  Is due to a mot,  e* les, 
pto~ttfongg increase of ,1I s~,gc~ of dt~:~on. The ,u~ot~ c ,mc  to the concb~ston tha~ th~ ie~t~_ve let~& of 
the tn**.~tp,ha*r in the life c~;c~.e of �9 cell i* decgc~r in ~o~ma], wi~ h i #  ba~*al m,Lgbol~c ra te ,  
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