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Cell mult ipl icat ion in the dL~erent tissues is controlled by neurohumoral regulation, v, rhich is accomplished 
both by regulating mecP.ant~ms (the ~crvons system, the hormones of the supratenal, hypophis~, "..hyroid and sex 
glands), and by certain loca l  factorz ((cell functional act ivi ty ,  the process of cel l  differentiation,  tissue a l terat ion,  
etc.}. The mitotic rate ~f the t i ssu~ evidently also depends on the exchange of the vitamins which play an i m -  
portant part in the different ?hysioicgical  and biological  processes. Certain observations [7, 9] Permit  the hy -  
pothesis that vitamin A i~ one of the ~ssential links of the cel l  division regulation system. 

The purpose of this wc~k was r~ study the role played by vitamin A in regulating ce l i  division. 

EXPEI~_~'MENTAL M E T H O D S  AND R E S U L T S  

V,"e conducted three sets of ex~-~ments .  In the first set, the influence of vi tamin A injections on the in -  
tensity of ccll  division in different  caftans of white mice was studied. 

A butT~ous solutiorf of  v i tami= A was injected subcutaneously in 500, 1000, ot 3000 ntematiccml nits pet  
24 hours. The inject ion -,ca, tepear2~ after a period of 5 days (the last injection being 7 hours before death).  The 
c6ntrol group of mice ",r in jected w:iuh an equal quantity of b u r e t .  All the animals were kept  in ident ica l  con-  
ditions and on a regular d ie t .  } . l i t ~  activi ty was studied in the epi thel ium of the cornea, intestine and tongue. 
The in te~i ty  of the mit~--~- was j u ~ e d  according to the number of cells dividing in a constant area (1.65 mm z) 
and according to the coeff ic ient  of ~ e  phases (the relation of the first two phases of mitosis to the last  two phases). 
Calculations xvere done c~ total  praT,~rations of the cornea and sections ( I0  microcls) of the cornea and other or-  
gans. 

The results of the e.~perimen~ are  given in Table 1. 

T A B L E  1 
The Influence of, Vi tami~ .A on Cell  Division 
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As is evident from Table 1, vitamin A stimulated cell division. When relatively small quantities of thO 
vitamin were injected (500 I. u.), mitotic intenzity Increased in file intestinal epithelium ollly. Larger doses 
of the vitamin (10001. u .)  caused mitotic stimulation in the spithelium of the cornea and of the tongue. Inone 
of the experimental grtnips (data not included in Table 1), the number of dividing cells in the epithelium of the 
tongue did not increase, and growth was noted o]|iy in the early phases of mitosis (increase of the coefficient), 
which seemed to be associated with change in the multiplication rate. 

That the degree of increase in mitotic activity varied in the different groups of animals was probably due 
to their individual singularities and to the pre-experimental diet regime. The most significant mitotic stimu- 
lation was found in the intestinal epithelium. The tntestiual epithelium also reacted to hypervitaminosis 
earlier than the others by suppressing mitotic activity. The 3000i. u .  injection of vitamin A stimulated mitotic 
activity in the el,tthelium Of the cornea and tongue, but, in the majority of mice, lessened it in the intestinal 
epidieiium. Since increased mitoses were noted in die int~siinal epidmlium of some mice, the average ind~.ces 
of mitotic activity with the 300l i .u .  vitamin A injection, given in Table 1, were slightly lowered. The high 
,en.citivity of the intestinal epithelium to vitamin A seems to be explained by the fact that this organ, as does 
the liver, forms vitamin A from carotene [8]. In the second series of experiments, changes in mitotic rate under 
conditions of vitamin A deficiency were studied. 

White mice were put on a vitamin A deficient diet for 20 days: wheat flour, lard, yeast and a salt mix- 
ture [5]. The control animals were kept on their regular diet. 

By about the 20th day, a typical picture of vitamin deficiency developed in the experimental mice 
(growth sharply arrested, loss of weight, dishevelled fur). Avitaminosis did not result in the development of 
xerophthalmia in any of the experiments. 

The results of the experiments are given in Table 2. 

T A B L E  2 
Mitotic Activity Change in A Avltaminotls 

Mouse group 
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AvitaminosLt 

Avita mlnosit + 
thvroidia 

m 
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!nt~nsity of mitoses (M * m) and coefficient of the phases (K) 

Cornea Intestine Tongue 

9 7 ~ 1 3 . 0 : K = I . 7  3474-18; K = l . 6  274-3.4; K=2.0 
91~13.0; K=I .6  336+20; K = I . 6  274-5 .3:K=2.5  

1614-15.0;. K = I . 8  2994-16; K = I . 5  334-6.0; K---3.6 

As Table 2 shows, vitamin A deficiency in the experimental animals did not cause any appreciable change 
in mitotic activity. Only when the preparations were stained on to ribonuclelc acid according to Brash could 
one note certain histochemical changes in the mitotic process of the intestinal epithelium: the normal gradual 
decrease in the concentration of ribonucleic acid could not be observed in part of the dividing ceils, and the 
high ribonucleic acid content was retained in the metaphase. 

When we analyzed the results of both series of experiment,, we noticed that the influence of vitamin A 
on the mitotic process of the tissues was ve ~  similar to that of the thyroid gland. Th,yroidln stimulates mitotic 
activity just as vitamin A does. Thyroidin had a greater activating influence on cell division, but it, too, was 
most sharply expressed in the intestinal epithelium. Methylthiouracfl blockade of the thyroid gIand in adult 
animals, like A avitaminosi~, did not cause any appreciable change in mitotic activity [ I ] ,  

These comparisons led us to include a third group of animals in the experiments with avitaminc~is, which 
were given thyroidin with their food (18 mg of thyroidln per mouse In a period of ten days) on a background of 
vitamin deficiency. In this group of mice (Table 2), as is usual in experiments with thyroidL~, a rather comiderable 
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c.~ase in mitotic activity was otscxved in ~ e  corneal epithelium. Only a small increase was c,b~erved during 
~e early mltottr phases in the epithelium cr zhe tongue. In ~ e  epithelium of the intestine (the cegan most sen- 

~iti,e to thyroldin and vitamin A). mitotic stimulation not only did not occur, but mitotic activity was even 
somr decreased. 

Thus, althc'-agh avitaminosis ~'as not a ~ n d e d  by noticeable change in the number of divtdL~g cells, It did 
lead to :prof~xmd disturbance in the regulat~cm of cell division. In vitamin A deficiency cond idc~ ,  a powerful 
mitosis stimulator - thyroidin - did not ca t~ .  an increase in mitotic intensity in the epithelium of the intestine 
or the tongue. Since Lhe thyroidin hormone ~ the activator of carotenase (the enzyme ~hich tra~.forms carotene 
into vitamin A), one can propose ~ , t  the th,~woid gland acts on cr division through the synthesis d vitamin A. 
In eve~" case, the thyroid gland hormone cc~uld only regulate the mitoses ff vitamin A wa s present in the tissues. 
There ~ e  evidently similar correlations ber,~een other hormones that regulate cell division and v ~ m i n s .  Adren- 
alin. in  particular, seems to belc~ag in this ~ o u p  as its antimitotic action was not discernable in g'~inea pigs de- 
pri~'ed of the ability to synthesize ascorbic amid [6]. 

We have demonstrated in previous pa~.~-s [1, 2, 3, 4] that the different factors of neurohum~al  regulation 
of cell division in normal tissues (adrenaltn~ ,cortisone, thyroidin) do not change mitotic activity ia  tumors. 

ha a third series of experiments, we sr.uflied the influence of vitamin A on cell division in ~_ice with 
Kroker's sarcoma. Beginning the 9r.h day af=~.r the sarcoma graft, the mice were injected with I~ODI.u. per  day 
of vitamio A for 5 days. 

T A B L E  3 
Vitamin A" Influence on CeLl D t ~ o n  of l~,lce with Grafted .Tumon~ 

g,o pl 

Con~ol l 8 
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"~,~234-16; K = I . 8  
t~8~: 16; K= 1.2 

M 4- m) and coefficient ofphasos (K~-- 

Intestine I Sarcoma 

! " 3314-16; K= I .3  1794-8.3; K=2.6 
4434-18; K=I .7  1784-6.3; K=P. .7 

The results of the experiments (Table ~) showed that ~ e  vitamin A injection stimulated m:itm.lc activity 
in the intestinal epithelium of the mice ws the sarcomas. Mitotic intemlty did not change in ~ .  corneal 
epithelium of these animals. Evidently, th~ reaction of normal cells to the action of vitamin A t s  lessened under 
the influence of the growing tumor. H o w e w ~  it would be premature to draw final conclusions ax the reaction 
of the tissues to the vitamin injection vaxte~ coasiderabl~ as to intensity in the different groups c[  mice (Table 
1). 

In the actual tumor, mitotic act ivi t , /was not affected by vitamin A. Mitotic intensity in t~e tumors of 
both the experimental and co ngr~l mice  re:~--~ined the same. Thus, vitamin A, like adrenalin, cortisone and 
thyroidin, does not influence the d i ~ i o n  cf  xumor cells~ Cell division in tumors is out of the ~ c r o l  o[ the 
system regulating these processes in normall ~ u e s .  

At this time, it is still difficult to e~a~ain the relative areactivfty of the tumor cells. If c~e agrees that 
ceLt division in normal tissues is comnecte6 with nucleic exchange, then the different mitotic reg..tarots, all 
tt-kng: considered, seem to effect mitotic a~-~vtty through cell nucleic exchange. Perhaps other exchange pro- 
cezse, cause division in tumor cells. It is ~.2~o possible that the nucleic exchange of tumor cells Ls different, and 
that the mitotic regulators do not change iz. or even that, in a tumor cell. those intermediate li~.s through which 
~ne mitotic regulators change the nucleopr~zein exchange drop out. The first proposal is less P ro~b le :  the ex- 
periments conducted in our L. }.L Ermoleak~ laboratory showed that l:lockading nucleic exchange by different 
inhibitors deters ceLl division in both n o r m ~  and tumor tissues. Changes in the actual nucleic exchange of the 
tumor cells or those intermediate links thrcmgh which the mitotic regalators influence nucleic exchange are more 
probable. The pc~ibllity of such changes ~ indicated by the second ~edes of experiments, in ~ c h  ceU reaction 
to thyroidin was dist'~bed by the exclusiorL of  vitamin A from the exchange. Nor must one exd::,~e theposslbility 
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that similar correlations arc formed in the growing tumor~ Furt~hcr experiments are ~eeded to prove the validity 
of this working hypothesis, 

SUMMARY 

Vitamin A injected into white mice stimulates cell division. The epithelium of the Intestines is the 
most sensitive to the vitamin, Vitamin A d~flciency does not lead to any comlderab~e changes in the number of 
mitoses in the t ~ u e s  but the regulation of cell divisio n is strongly disturbed. In cas~s of avitaminods even such 
a powerful Itlm~!ator of mitosis asth~oidin fails to increase m~ toflc activity. The presence of vitamin A in 
the tissues is irld.~spensable for the stimulative effect of thyroidin on cell division. Experiments on mice with 
Kroker's sarkoma demonstrated that vitamin A does not change the intensity of tumc~ cell division, slnce in 
tumors that prcsce~ is out of control of the ncurohumoral system which regulates tl~ mi toflc activity in normal 
tissues. 
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