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P r o c e s s e s  of physiological cell destruct ion,  manifested as karyolysis  and karyopycnosis ,  in 
the epithelium of the developing ra t  embryonic  lung cor re la te  sot only with each other  but also 
with mitotic activity. There is reason to suppose that the increase in the number of ceils 
showing signs of karyolysis  is connected with the increase  in mass of the lung parenchyma and 
that karyopyeaosis  is connected with the commencement  of differentiation of the pulmonary epi-  
thelium. 
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Physiological  death of cells,  a phenomenon constantly observed during the embryonic development of 
aniage and organs of both ver tebra tes  and inver tebrates ,  is nowadays regarded as just as esse~tial a part 
of embryogenes is  as cell division, although its role has been established in far from every  ease [11]. 

The part  played by products of cell disintegration in the mechanism of growth regulation is accepted 
by ma:ny [1 5, 16]. I towever,  for embryos  the problem is not yet c lear .  

Clinical and experimental  observat ions show that damage to a ~ organ in the pregnant female leads to 
abnormali ty in the embryonic  development of the homonymous fetal organ I1-3, 5-7, 121. Unilateral pneu- 
monectomy, performed on the pregnant rat  during formation of the lung anlage in the embryo,  aeee!erates  
the development of the lungs in the fetus [8, 9, 13]. 

By studying changes in the number of cells destroyed and the number of mitoses,  their possible role 
in growth and differentiation of the organ may perhaps be revealed. 

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

Wistar  ra ts  were used. In some animals the left lung was removed on the 8th day of pregnancy and 
the others  were left intact. Five females of each group were killed on the 13th, 16th, and 19th days of p reg-  
nancy. The 13-day fetuses were fixed in Carnoy ' s  fluid and embedded in toto, whereas only the left lung 
was s imi la r ly  dealt with from the 16- and 19-day fetuses.  Serial sections 5 ~ in thickness were stained 
with Mayer ' s  hematoxylin (counterstained with eosin) and by Feulgen 's  method. All the epithelial cells cut 
through t r ansver se ly  in all the tubules were counted in the lung anlage of the 13-day fetuses,  and an average 
of 1000 cells in each 16- and 19-day fetus. No fewer than five fetuses were taken f rom different females 
at each time. In every  ease the counts were car r ied  out on only one section from each fetus. The number 
of mitoses  and the number of cells in states of karyolysis  and karyopycnosis  of the IInd and IIh'd degrees 
were determined per 1000 cells [10]. The numerical  resul ts  were subjected to stat is t ical  analysis .  

E X P E R I M E N T A L  R E S U L T S  

As was shown previously,  during normal embryonic  development of the ra t  lung physiological death 
of the epithelial cells takes place by karyolysis  and karyopycnosis ,  which vary in intensity and occur  in 
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TABLE 1. Changes in Number of Dying and Dividing Cells in E p i t h e -  
l iumofDeveloping Lung of Rat l~etus under Normal Conditions and af-  
ter  Pneumonectomy on the Pregnant  Female  (in ~ ) 

~, Mitosis 

~o~ ~ experi- control P experi- 
~"~ merit merit 

13 
P 
16 
P 
19 

Destructive processes 
karyolysis'.i karyopycnosis 

control p experi- control P ment 

110,6 0,014 70,1 69,3 0,094 
196,7 0,000 72,5 36,4 0,447 
0,005 0,392 0,128 
136,4 0,023 98,3 214.9 0,000 
0,009 0,922 0,000 

39,1 
74,1 

0,700 
106,5 
0,005 

25,8 
75,1 
0,004 

22,1 
0,003 

0,000 
0,770 

0,020 

335,3 
93.0 

0,000 
52.7 
0,017 

TABLE 2. Level of Prol i fera t ive  
and Destructive P r o c e s s e s  When 
Development of Fetal Lung Accel-  
erated by Pneumonectomy on Fe -  
male (in % of normal) 

Age of kary- kary- 
fetus (in olysis opic- Mitosis 
days) nosis 

13 63,4 56,4 1445,3 
16 36,9 203,6 123,8 
19 72,1 49,6 235,3 

different combinations at different periods of intrauterine development. 
When maturation of the embryonic  lung was accelera ted by pneumo- 
nectomy on the pregnant ra t  (Table 1), the levels of both karyolysis  
and karyopycnosis  were lowered at all t imes of development studied 
(except karyopycnosis  on the 16th day). Whereas under normal  condi- 
tions in the course of both destruct ive p rocesses  a cr i t ical  moment  
was observed on the 16th day of embryogenes is  (the maximum for ka ry -  
olysis  and the minimum for karyopycnosis) ,  this did not happen under 
experimental  conditions: the two p rocesses  followed a parallel  course  
and increased quantitatively during development of the lung, although 
they never reached values charac te r i s t i c  of normal .  Mitotic activity 
under the experimental  conditions was considerably intensified. Nor-  
mally the number of mitoses  reaches  a maximum on the 16th day of 
development, but in the experimental  ser ies  this maximum occur red  
ea r l i e r ,  on the 13th day. 

To est imate  the degree of the changes in proliferat ive and destruct ive p rocesses  under experimental  
conditions the values obtained for normal  development were taken as 100~ (Table 2). As Table 2 shows, a 
decrease  in the intensity of destructive p rocesses  in the experimental  ser ies  occurred at all t imes of de-  
velopment, on the average by 50%, except for karyopycnosis  on the 16th day when the p rocess ,  instead of 
being reduced,  was more  than doubled in intensity. Mitotic activity in the experimental  se r ies  at all t imes 
exceeded 100%, this excess being minimal  on the 16th day. 

If each type of physiological destruction is compared with the mitotic activity it will be c lear  that on 
the 16th day, when the changes in the prol iferat ive and destructive p rocesses  were most  marked,  the chan- 
ges in the level of karyolysis  and mitotic activity were paral le l :  the maximum for karyolysis  in the control 
(normal development) coincided with the maximum of mitotic activity (Table 1), whereas the maximal de-  
cline in karyolysis  in the experimental  se r ies  (when development of the lung was accelerated by pneumo- 
nectomy on the pregnant rat) took place parallel  with the minimal increase  in mitotic activity (Table 2). 
The karyopycnotic changes during the same period were opposite to those affecting karyolysis  and mitosis .  
The different types of destruct ive p rocesses  thus showed different tendencies in this case also: karyolysis  
w~ts minimal (about 37% of normal) and the intensity of karyopycnosis  was doubled. 

According to data in the l i terature [4, 14] a ser ies  of morpho-funetional  t r ans format ions  takes place 
on the 16th day of normal  development in the ra t  fetal lung and an increase  in the m a s s  of the parenchyma 
on the organ is observed.  Ia the present  experiment,  on the 16th day, because of the ea r l i e r  develop- 
ment,  the intensity of the increase  in mass  of the organ was reduced (this is shown by the lowest in-  
c r ease  in mitotic activity) and the period of differentiation began [9]. Consequently, the sharp increase  
in karyopycnosis  can be regarded as connected with the commencing differentiation of the epithelium, where-  
as the minimal level of karyolysis  is somehow connected with the decrease  in mitotic activity. In other 
words, the impress ion is obtained that karyolysis  is related to the increase  in mass  of the parenchyma of 
the embryonic Lung whereas karyopycnosis  is connected with differentiation. However, the cause-ef fec t  r e -  
lationship between these phenomena is not yet c lear .  One thing is certain:  karyolysis  and karyopycnosis  
pe r fo rm different roles  in embryogenesis ;  this is perfect ly understandable because the p rocesses  taking 
place in the celt in the two types of degeneration differ sharply f rom each other and, consequently, the 
products of destruction formed under these c i rcumstances  may also differ. 
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It can be concluded f rom the p resen t  investigation, at this stage,  that the p ro ce s se s  of karyolys is ,  
karyopycnosis ,  and mitosis  a re  c losely interdependent  in the course  of embryonic  development of an organ. 
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