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Cell multiplication in the different tissues {s controlled by neurchumoral regulation, which is accomplished
both by regulating meckasisms (the mervous system, the hormones of the suprarenal, hypophisie, thyroid and sex
glands), and by certain local factors {cell functional activity, the process of cell differentiation, tissue alteration,
etc.). The mitotic rate of the tissues evidently also depends on the exchange of the vitamins which play an im-
purtant part in the differert physiclcgical and biological processes. Certain observaticns {7, 9] permit the hy-
pothesis that vitamin A is one of the essential links of the cell division regulation system,

The purpese of this work was o study the role played by vitamin A in regulating cell division.

EXPERIMENTAL METHODS AND RESULTS

Ve conducted three sets of experiments, In the first set, the influence of vitamin A injections on the in-
tensity of cell division in different crgans of white mice was studied.

A butyrous solutioe of vitaminm A was injected subcutaneously in 500, 1000, or 3000 nternational nits per
24 hours, The injection was repeat=d after a period of 5 days (the last injection being 7 hours before death)., The
control group of mice was injected with an equal quantity of butter. All the animals were kept in identical con-
ditions and on a regular diet. Miroric activity was studied in the epithelium of the comea, intestine and tongue.
The intensity of the mitoses was judized according to the number of cells dividing in a constant area (1.65 mm?)
and according to the coefficient of the phases (the relation of the first two phases of mitcsis to the last two phases).
Calculations were done oo total prepzrations of the comea and sections (10 microns) of the comea and other or-

gans,

The results of the experimenss are given in Table 1,

TABLE 1
The Influence of Vitamin A on Cell Division
g = ntensity of mitoses(M £ m) aﬂd coef.q{ the phases (K)
Mouse group E SE Cornea intestine Tongue
zZ g : B
Conuol 7 105_:1: 6.7, K=2.4]{273410; K=1.22740.8; K=1.8
VitaminA, 500i.u, B 11014127, K=2.2]368+10; K=1.5929+0.7: K=1.7
Control 6 115£18, K=1.4/289+ 2.5 K=1.3/2240.6; X=2.0
Vitamin 2,15001.u, B l_72_i12; K=1.2{ 640+ 15; =1.3 3613.0; K=2.2
Control 9 | 59% 8,8 K=1.9/391+ 7,0; K=1.6] 231.5.2; K=2.8
Vitamin A, 20001.u, S A5 K=1.70337+17; K=1.7] 48+5.0, K=2.7
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As {s evident from Table 1, vitamin A stimulated cell division, When relatively small quantities of the
vitamin were injected (50014, u.), mitotic intensity increased in the intesiinal epithelium only. Larger doses
of the vitamin (10001, u,) caused mitotic stimulation in the spithelium of the cornea and of the tongue. Inone
of the experimental groups (data not included in Table 1), the number of dividing cells in the epithelium of the
tongue did not increase, and growth was noted only 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 fn 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 intestinal epithelium also reacted to hypervitaminosis
earlier than the others by suppressing mitotic activity. The 30001.u, injection of vitamin A stimulated mitotic
activity in the epfthelium of the cornea and tongue, but, in the majority of mice, lessened it in the intestinal
epithelium. Since increased mitoses were noted in ihe intesiinal eplthelium of some mice, the average indices
of mitotic activity with the 300¢ {.u. vitamin A injection, given in Table 1, were slightly lowered. The high
sensitivity 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 vitaruin 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,

TABLE 2
Mitotic Activity Change in A Avitaminosis

5 o= Tatznsity of mitoses (M £ m) and coefficient of the phases (K)
2.8
Mouse group §°~§ Cornea . Intestine . Tongue

R

Control 9 | 97113.0: K=1.7 347418; K=1.6 | 27+3.4; K=2.0

Avitaminosis 7 91+13.0; K=1.6{ 336+20; K=1. 2745.3;: K=2.5

itaminosis
Alveoiatn * 7 1161215.0 K=1.8] 209416; K=1.5 | 3346.0; K=3.6

As Table 2 shows, vitamin A deficlency in the experimental animals dfd not cause any appreciable change
in mitotic activity, Only when the preparations were stained on to ribonucleic 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 cells, and the
- high ribonucleic acid content was retained in the metaphase,

When we analyzed the results of both series of experlments, we noticed that the influence of vitamin A
on the mitotic process of the tissues was very similar to that of the thyroid gland. Thyroidin 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, Methylthiouracil blockade of the thyrofd gland in adult
animals, like A avitaminosis, did not cause any appreciable change in mitotje activity [1}.

These comparisons led us to include a third group of animals in the experiments with avitaminosis, which
were given thyroidin with their food (18 mg of thyroidin 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 thyroidis, a rather considerable
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crease fn mitotle activity was observed in che comeal epithellum. Only a small increase was ofserved during

1e early mitotic phases in the epithelium of the tongue., In the epithelium of the intestine (the organ most sen-
sitive to thyroldin and vitamin A), mitetic scimulation not only did not occur, but mitotic activizy was even
somewhat decreased,

Thus, although avitaminosis was not arxended by noticeable change in the number of dividicg cells, it did
lead to profound disturbance in the regulatiom of cell division. In vitamin A deficlency conditions, a powerful
mitosis. stimulator — thyroidin ~ did not causer an increase in mitotic intensity in the epithellum of the intestine
or the tongue, Since the thyroidin hormone 3s the activator of carotenase (the enzyme which trarsforms carotene
into vitamin A), one can propose that the thuroid gland acts on cell division through the synthesis of vitamin A, '
In every case, the thy:oid gland harmone comid only regulate the tnitoses if vitamin A was present in the tissues,
There are evidently similar corelations berween other hormones that regulate cell division and vitamins, Adren-

alin, in-particular, seems to belong in this group as its antlinitotic action was not discernable in guinea pigs de-
prived of the ability to synthesize ascorbic a:rid [6].

We have demonstrated in previous pagers [1, 2, 3, 4) that the different factors of neurchumaoral regulation
of cell division {n normal tissues (adrenalin, cortisone, thyroldin) do not change mitotic activity in tumors.

In a third series of expe:iméms. we studied the influence of vitamin A on cell division in mice with
Kroker's sarcoma. Beginning the 9th day afmer the sarcoma graft, the mice were injected with 1000L.u, per day
of vitamin A for 5 days.

"TABLE 3
Vitamin A Influence on Cell Diviision of }vdce with Grafted Tumors

Innensity of mitoses(M £ m) and coefficient of phases (K)

Mouse group Comea Intestine , Sarcoma

Mumber
of
animals

Control 8 | r23+16; K=1.8 | 331+16; K=1.3 | 17948.3; K=2.6
vitamin &, 1000 {0, 9 | LBBLI6; K=1.2 |443+18; K=1.7 |178+6.3; K=2.7

The results of the experiments (Table 3) showed that the vitamin A injection stimulated mftotic activity
in the intestinal epithelium of the mice widh the sarcomas. Mitotic intensity did not change in the comeal
epithelium of these animals. Evidently, the 1eaction of normal cells to the action of vitamin A is lessened under
the influence of the growing tumor. Howewer; it would be premature to draw final conclusions zs the reaction
of the tissues to the vitamin injection varied considerably as to intensity in the different groups of mice (Table
1).

In the actual tumor, mitotic activiry was not affected by vitamin A, Mitotic intensity in the tumors of
both the experimental and cortrel mice remmmined the same, Thus, vitamin A, like adrenalin, cortisone and
thyroidin, does not influence the division cf tumor cells,- Cell division in tumors is out of the comtrol of the
system regulating these processes in normal tissues.

»

At this time, it is still difficult to exzilain the relative areactivity of the tumor cells, If ome agrees that
cell division in normal tissues is connected with nucleic exchange, then the different mitotic regulators, all
things considered, seem to effect mitotic activity through cell nucleic exchange. Perhaps other exchange pro-
cesses cause division in tumor cells, It is aliso possible that the nuclelc exchange of tumor cells is different, and
that the mitotic regulators do not change iz, or even that, in a tumor cell, those intermediate licks through which
the mitodc regulators change the nucleoproiein exchange drop out. The first proposal fs less prebable: the ex-
periments conducted in our L. M. Enmoleniuo laboratory showed that blockading nucleic exchangz by different
inhibitors deters cell division in both normal and tumor tissues, Changes in the actual nuclele exchange of the
tumor cells or those intermediate links through which the mitotic regulators influence nuclelc exchange are more
probable. The possibility of such changes &5 indicated by the second series of experiments, in wiich cell reaction
to thyroidin was disturbed by the exclusion of vitamin A from the exchange. Nor must one exciude the possibility
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that similar correlations are formed in the growing tumor. Further experiments are needed to prove the validity
of this working hypothesis.

SUMMARY

WVitamin A Injected {nto white mice stimulates cell division. The epithelium of the intestines is the
most sensitive to the vitamin, Vitamin A deficlency does not lead to any comiderable changes in the number of
mitoses in the tssues but the regulation of cell division fs strongly disturbed. In cases of avitaminosls even such
a powerful stimulator of mitosis as thyroidin fails to increase métotic activity. The presence of vitamin A in
the tissues is indispensable for the stimulative effect of thyroidin on cell division. Experiments on mice with
Kroker's sarkorma demonstrated that vitamin A does not change the intensity of tumor cell division, since in
tumors that process {s out of control of the neurohumoral system which regulates the mi totic actvity in normal

tissues,
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