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Rate of Degeneration in Pure Strains of ‘*Fibroblasts* * Possessing 
Varying Growth Potencies in vitro. 

E. S .  HORXING.” (Introduced bp E. V. Cowdry.) 

From the Anatomical Laboratory, Wnski.ngtou Unhersity, St. Louis. 

In a previous paper the author in collaboration with Richardson* 
described variations in the cytolytic changes occurring in undif- 
ferentiated and differentiated tissues which were induced to under- 
go prolonged proliferation in an unchanged medium in vitro. The 
present study was undertaken to extend similar comparative observa- 
tions upon the rate of cytolysis in pure isolated strains of cells, each 
possessing different inherent growth rates. Uiider experimental con- 
ditions Parker and Fischer’ depicted cliff erent strains of “Fibro- 
blasts” possessing varying growth potencies, and, for the purpose of 
these experiments siniilar tissues were selected and isolated according 
to the methods described by these investigators. All tissues employed 
were taken simultaneously from the same enibryo of 12 days’ incu- 
bation and throughout this investigation were explanted under 
exactly identical conditions from the nionient of their isolation in 
vitro. The selected fragments were obtained from the following 
regions : osteoblasts from the supra-orbital ; chondrioblasts from the 
periostium of the sphenoid (fast growing) : and fibroblasts from 
heart and leg muscles (slow growing). 

The first cytolytic response to the accutnulations of cyto-toxins 
in the unchanged niediuin \\-as morphologically expressed in the 
slow arowing strains after 65-70 hours incubation iiz zritvo. Similar 
examinations, however, of the fast gron.ing strains after the same 
periods of growth showed them to lie more resistant to the factors 
incurring cytolysis, as  degenerative phenomena were not yet appar- 
ent. Even when the fast growing osteolhsts and the slow grow- 
ing muscle-fibroblasts were implanted side by side in the same culture 
medium, they not only showed the same relative difference in their 
growth rates, but e x h i l h d  the same time variations as when cul- 
tivated in their isolated conditions. This experimental evidence 
suggests that cells are endoivecl with an inherent intrinsic niechan- 
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ism and, moreover, that cell-l)ehavior i r z  r i f r o  is not solely determined 
by the extrinsic physiological conditions of the culture medium. 

After 6 - 8 0  hours' groivtli, a very interesting reaction to the 
toxicity of the unchanged medium \\-as first ol~served in the slow 
growing ctiltures Follo\\-iiig general hypertrophy of the proto- 
plasmic inclusions, inany o i the cells. especially those 011 the periph- 
eral margins of the areas o i  iielv gro\vth, uncler\veiit an unequal 
division of the cytoplasni. I lie nucleus played no apparent r d e  
antl remained in  the resting 1;liaw (luring this a1;iiornial process. As 
the '(laughter portion' cmitaitie(1 i i o  nuclear material, and n w  
c rm\- (led \\-i th h~-pe  rt r oph ietl i i i c l ~ i ~  i oii 5 ,  it niigli t 1 )e assumed that 
this is an effort on the part the degenerating cell to restore the 
ii ucleo-c y t o pla siii i c rat i o. I\- 11 el 1 the a l p  r en t ka r yo pro t o pla smi c 
relations have 1;een restored the cell survives ~vliile the 'daughter 
1 ) (1 r t i on ' (1 i s i 11 t egr ;i t e s lv i t h i 11 t 11 e c ii 1 t 11 re 11 1 c' t 1 i u iii . El- i den ce o f such 
a 1;lienoiiienoii tloes not 1)ecoliie a1q)areiit in the fast gro\\-iiig strains 
until after 00-05 lioiirs' groivth. - \ s  far as could l;e estiiiiated the 
l)heiio~iienon cle..;cril:etl ahoi e is more or less specific to the slow 
y-o\ving strains, lnit has, nevertlicless. occasionally been detected in 
the osteolilast cultures a iter 100 hours inculxition. 

Other evidences of cytolysis such as cliontlriolysis. vacuolation, 
and lipoid forination n.hich have 1)reviously been tlescrilied in tle- 
tail" \\-ere prevalent degeneixtivt. features coninion to all strains. 
1)ut appeared first in the cells of the heart antl nitiscle filn-olhsts. 

-As cytolysis Imceeds after 00 hours' inculntioii the cells of the 
slo\v grou-ing fi1,rol)lasts further respond to the exhaustion of the 
culture medium 1 9 7  a niarkecl Ii ypcrtrophy m ( 1  intense pseeudopodial 
oiitgro\\.ths antl so niuch alter their contours that a diff erentiatioii 
is iniiiie:liately suggested. The cells at this period presented a to- 
t a1 ll- (1 i ff e reii t nio r phol og i cal 1 )i c-t 11 re, ha v i ng c o  t i i  111 etel y 10s t thei r 
s])iiidle-sliapecl filn-olhst-like characters. In order to observe the 
rneclianism underlying this al)l;:tre1it tlifiercn~iatioii, p i re  cultures 
of heart and niuscle fibro1)lasts of 48 hours' gro\vth \\-ere cut into 
equal portions and after fresh iiietlia had 1)een atltletl \\-ere sealed 
to a concavity slide u~)oii i\-hic.h ;I fill11 of IE,O, had 1:eeii previousl! 
made. ;in equal nuiiil)ei- I )  i reiiiniiiing cultures ivei-e eniployecl as 
controls. Kxaliiination a iter 00 hours in a11 unchanged mecliuiii 
revealed a striking ;li fference I )et\veeii the esl1eriniental ant1 control 
explants. The former retaiiie(1 tl) a large degree their typical spiii- 
dle-like structure, \vliile the controls tlisplajwl niarketl alterations in 
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their morphology. This experiment suggests that the “diff eren- 
tiation” was purely a superficial process, and was probably an effort 
on the part of the cell to increase its surface area owing to lack of 
oxygen, through cultivation in an unchanged niediuni. This might 
possibly explain the results of earlier workers who held that fully 
differentiated tissue during growth in z d v o  reverts hack to an indiff- 
erent cell-type.* 

Hyperchromasy which is generally followed by chroniidiosis 
was f recpently observed in the slower growing “fil~roblasts ” after 
100 hours growth i i i  ztifro, and was very rarely detected in the osteo- 
])last and chondrio1)last cultures. These ol~servations support the 
contentions of previous authors who regard it as representing a 
pathological rather than 3 normal state. This phenomenon might 
k interpreted hi view of the hypothesis of Popoff, who contends 
that this is a function wherein the niass relation between the nucleus 
and the cytosonie might be restored. i f  foi- any reason the amount 
of chromatin relating to the cell protoplasiii has increased. Coni- 
parative olxervations o i  a large series o f  cultures showed in all 
cases that the fast groniiig strains are more resistant to pathological 
conditions than the slcnv growing tissues. The final evidence of 
cytolysis is nianifestetl in the heart and muscle filiroldasts after 10 
days‘ incubation in the unchanged medium. Fusion of fat globules 
occurs and tension forces within the cell interior are responsible for 
the extreniely bizarre niorphology of the cultures. Cliromatolysis 
which lieconies apparent on the ninth or tenth day, is invariably fol- 
lowed hy plastin hypertrophy of the nucleolus. This association of 
nucleolar change with absorption of chroniatin material is signifi- 
cant, as it suggests the possildity that this structure is built up of 
waste nuclear material. As saon as the nucleus collapses cell death 
occurs, and in order to verify this fact the cultures were transferred 
to fresh media and in all cases they failed to exliiliit signs of re- 
nen-ed growth : while disintegration of the faster growing osteo- 
Masts and choiitlriolilasts did not .cet in until the fourteenth or 
1-i iteenth day iji crifvo. 

In conclusion it might I>e assumed that tissue cells U-hich exhibit 
similar morphological characteristics and behavior under normal 
conditions iiz zitro, differ h v e v e r  in their reactions to similar in- 
duced pathological conditions, as the rate of cytolysis was in all 
rases found to be dependent upon the inherent grov-th energy of the 
given strain. 

I wish to express niy indeljtedness to Ilr. A11m-t Fischer for his 
interest and suggestions during this investigation. 
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