Department of Anatomy and Biology of the University in Debrecen
(Director : Prof. 1. Tor6)

REJUVENATION OF CELL-GENERATIONS
IN TISSUE CULTURE

Janos Vadasz
(Received : 18. December 1950)

The development of higher organisms starts with the mitosis of the fertil-
ized ovulum ; the final form is attained after a long series of cell divisions.
The developmental process consists, however, not only of cell divisions, but
of cell degeneration and decay too as of regularly occurring phenomena, all
these acting harmoniously with other factors upon the developing form of the
organism. In consecutive stages of the fully developed organisms we see in the
process of ageing a predominance of degeneration over the division of cells,
resulting finally in decay and death of the total organism. The maximum of age,
characteristic and well-known for the different species, has no validity as regards
the single cells of the organisms. Cells separated from the whole und cultivated
under propitious conditions will multiply as cell cultures, not being compulsorily
subjected to decay. It is one of the unsolved problems of biology what arethe
causes of the ageing and decay of the higher organisms while their single cells
are capable of infinite — or at least of a considerably longer — life. Several
research projectstried to throw some light upon these problems; cell research
proper is linked herewith, examining causes, conditions and course of cell-
degeneration and regeneration from the point of view of the individual and
separate single cell. Some mitoses promote cell multiplication, and thus induce
growth. This is the most common type while sometimes another type is observed
with asymmetrical cell division where one of the derivatives is of shorter life
and decays speedily ; this is mostly a priori smaller. In the present report a
symmetrical type of cell division is described resulting in two different daughter
cells, the one endowed with less vitality, the other having gained vitality through
division in this case inducing growth and storage of protoplasm.

While in cell degenerations connected with morphogenesis and ageing
several organising and inducing factors of the whole organism are to be taken
into consideration, in pure cell cultures, containing but one type of cells, they
can be examined free of these factors so difficult to control. My observation
were made on pure tissue cultures of myoblasts and fibroblasts, prepared by
Toro’s method. In cultures from the heart of young (5 days old) chicken embryos
one obtains, by 10 passages at least, a pure culture of myoblasts as proved
by Toro’s reimplantation experiments, while with the similar method from the
heart of older embryos pure fibroblast cultures are obtained.
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In a former series of experiments, examining the effects of irradiation
upon tissue cultures, | found a great number of radiant granula in the cellular
protoplasm in all those cases in which irradiation had an unadvantageous effect
upon the cells, similar to granula present in cells not transplanted at the
proper time. In the latter this phenomenon is regarded as being due to lack
of proper nutrients and oxygenium, and to the increased amount of deleterious
metabolites in the culture-media respectively. The protoplasm of such cells
appears — if stained with hematoxyline — to be vacuolous ; using lipid stains
— as e. g. Janus green — we see instead of vacuoles well stained granula (Fig. 1).
This may serve as a proof for the lipid nature of the aforementioned granula.
In these former experiments it was conspicuous that a few hours after the

Fig. 1.

irradiation the cells displayed a heterogeneous appearance (although pure
cultures were used) in so far that some cells were granulated while others (these
were the minority part) offered no degenerative signs whatever. In this con-
nection the first thought was that through irradiation some kind of selection
was caused i. e. only the more sensitive cells were damaged since all cells of
the cultures, irradiated seriatim through longer periods, received an equal
dosage of irradiation.

More recently, when analysing microcinematographs of cytogenetical
investigations | found the real cause of the described phenomenon. Following
the division of a well granulated connective tissue cell cinematographically
| observed a collecting of the granula in the initial, rounded off stage of mitosis
in the one pole of the cell (Fig. 2). The division occured in such a manner that
most of the granula, characteristic for degeneration, remained in the one daughter
cell (Fig. 3, identical with the cell shown in Fig. 2 after the lapse of 6 min.),
while the other contained a few granula onlv and displayed higher motility
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and gained supposedly a higher division capacity. Following the later devel-
opment of the more granulated cell the one (that appeared to be degenerated)
| observed a marked diminution of its locomotory speed (up to the half of the

Fig. 2.

Fig. 3.

normal, to approximately 35 micra/hour) ; in the next division of this cell
-—that occurred after some delay in comparison with cells free of such granula

the phenomenon was repeated accurately (Fig. 4). The granulated derivative
of this second division, being to some degree increased in volume, displays
hardly any sign of locomotion, it becomes rounded off (Fig. 5) ; finally all
signs of movement disappear, as prodromum of the final decay (Fig. 6, identical
with the cell shown in Fig. 5 after the lapse of 60 minutes). To sum up, three
healthy and one unprospering cell stem from one cell displaying signs of de-
generation. In which cellgeneration a cell incapable of further life will arise

22 Acta Morphologica
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depends surely upon the quality of the deleterious environmental and circum-
stancial influences ; under unpropitious conditions this may occur in the first
generation ; if the mother cell is seriously damaged, it decays without being
able to divide.

Fig 4.

This type of cell division — the formation from a degenerated cell of
a cell with increased vitality and of another cell with decreased vitality, con-
demned to decay,— where the capacity of life was unequally distributed,
may be regarded as cell rejuvenation. This process is not identical with dis-

Fig. 5.

charging of a part of the cellular protoplasm in eliminating inclusions since
the part condemned to decay is of an equal size with the surviving one ; further-
more the decaying granulated derivative has a nucleus with normal tinction,
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mostly somewhat swollen. Further observations are required to clarify the
problem whether a mitosis or an amitosis occurs, though the present observa-
tions point with marked probability to mitotic cell division.

| observed repeatedly the appearance of such granulated cells ; as regards
the distribution of the granula in cell division | have seen always an identical
behaviour. Thus, | have to suppose that this process regularly occurs in regene-

Fig 6.

ration follow ing degenerations. Hereby the genesis of rounded off cells, in the
liquified zone of cell cultures, full of granula, void of motility, seen often in
cell cultivation, is clarified too.

In this connection it seems necessary to compare this phenomenon with
the wellknown fact that by X-ray or radium irradiations in special dosage
cell proliferation, formation of malignant neoplasms may be induced. One has
to suppose that contemporaneously with the series of cell divisions as described
above the transformation of normal cells to neoplastic ones occurs, a process
of which no particulars are yet known.

summary

By observing microcineniatographs of single cells in cell cultures over a longer period
(48— 72 hours) the hitherto unknown fact was detected that the dérivates of cells displaying
externally and in the motility sign of degeneration, receive these signs unequally transmitted;
in cell division only one of the daughter cells receives all of these degenerative signs. Of all cells
of one division period only one comes into the decaying final stage of degeneration while the
others — becoming rejuvenated as it were — obtain higher vitality.
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OBMOJIOXXEHUE MOKOMEHUN KMTETOK B TKAHMEBbLIX KY/NbTYPAX
A. Bapac

Peswome

Ha6ntogas aonroe Bpemsi (48—72 4.) nyTeM MWKPOKMHEMATOrpaguueckmx CHUMKOB,
OTZieNbHbIE KMETKN TKaHWEBbIX KyNbTyp, aBTOPY YAasnocb YCTAHOBWUTb, UYTO MOTOMKMU KETKU
noTepreBLLel Mo Kakoit NM60 NpuUKnHe AereHepalmio, ¥ NoKasasLUei Bce BHELUHME U (YHKLMO-
HabHble NPU3HAKM Nepe POXKAEHWS, He HAac/efytoT 3TOCBOMCTBO B paBHoOl cTeneHu. Mpu aeneHnm
KNeTKN BCerfa TONbKO OfHA M3 [0YepHMX KNeTOK HacfedyeT 3TO CBOWCTBO, Tak uTo Moc/ne
HECKO/IbKUX [IENEHNI Cpefn BO3HUKLLMX MHOIOUMCNEHHbIX K/IETOK TO/IbKO OfHA [A0CTMraeT
KOHEUHYI0 (hasy MepepoXKAeHus: rmbesib, a BCce OCTaSlbHble KNETKU, Kak-6yaTo 06MOMOXKEHbI,
NposiBNasioT MNPU3HAKN MOBbILLEHHON BUTANIbHOCTU.
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