
EXPERIMENTAL BIOLOGY 

MECHANISM OF PREMATURE DEVELOPMENT 

OF EMBRYONIC RAT LUNG AFTER UNILATERAL 

PNEUMONECTOMY ON THE MOTHER DURING PREGNANCY 

I o I. Orlova UDC 612.64'215o3-06 : 616. 
24-089o87-031.4-056.716 

The relat ionship between prol i ferat ive (mitosis) and destruct ive (karyolysis and karyopykno- 
sis) p rocesses  during development of the lung was investigated in ra t  embryos  af ter  uni-  
la tera l  pneumonectomy on the mother  during pregnancy.  A lowering of the level of des t ruc -  
tive p roces se s  and a s h a r p  increase  in the number of mitoses in the experimental  animals 
compared with the controls (normal development) were found. 
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In the last  decade much clinical and experimental  evidence of the specific effect of the maternal  o r -  
gans on the development of the homonymous fetal organs during pregnancy has been collected [1, 2, 6-12, 
17, 18, 20, 21]. Investigations in the w r i t e r ' s  labora tory  [3, 13, 14] have shown that experimental  unilat-  
e ra l  pneumonectomy on the mother  ra t  during the stage of laying down of the embryonic  lung leads to p r e -  
mature development of the lungs in the fetus. The mechanism of this phenomenon is not c lear .  All that is 
known is that the growth-s t imulat ing factor  may be t rans fe r red  f rom mother  to fetus by the humoral  route 
[13, 14], 

To study the morphological  changes ar i s ing  in the lungs of fetuses developing af ter  pneumonectomy 
on the mother  and leading to p remature  maturat ion of the organ,  the levels of prol i fera t ive  and destruct ive 
p rocesses  in the epithelium of the ra t  fetal lung were investigated. 

Physiological  death of the cells during normal  embryonic  development is known [16] to be just  as 
essent ial  a pa r t  of embryogenesis  as cell  prol i fera t ion.  Physiological  degeneration of epithelial cells in 
the rat  embryonic  lung has been shown [24] to take place by means of karyolysis  and karyopyknosis .  The 
total number  of dying ceils increases  as development p roceeds ,  but mitotic activity remains  at about the 
same level. P r o c e s s e s  of destruct ion are  corre la ted  with mitosis  and the degree of its sever i ty  var ies  
with the stage of embryogenes i s .  

There is thus reason to suppose that this cor re la t ion  may lie at the basis of one possible mechanism 
whereby growth and maturat ion of organs are  regulated in embryogenes is .  F r o m  this point of view, the 
resul ts  obtained in experiments  involving pneumonectomy on the pregnant ra t  are of considerable in teres t ,  
for one resul t  of such an operation is to accelera te  the development of the lungs in the fetuses,  in which 
it is easy  to study the changes in the course  of physiological  destruct ion.  

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

Wistar  rats were used.  The left lung was removed f rom the females on the 8th day of pregnancy.  
Fetuses of intact rats  were used as the control .  On the 13th, 16th, and 19th days of pregnancy 5 exper i -  
mental and 5 control  animals were killed~ The 13-day embryos  were fixed in Carnoy ' s  fluid and embedded 
whole in paraffin wax but only the left lung was used f rom the 16- and 19-day fetuses.  Serial sections 5 g 

Labora tory  of Embryology,  Institute of Human Morphology, Academy of Medical Sciences of the 
USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR, A. P .  Avtsyn.) 
Translated f rom Byulleten'  t%ksperimental'noi Biologii i Meditsiny, Vol. 78, No. 9, pp. 93-95, September,  
1974. Original ar t ic le  submitted November 28, 1973. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. ! 0011. No part o f  this pub lication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy o f  this article is available from the publisher for $15.00. 

1061 



TABLE 1. Level  (in percent)  of D e s t r u c -  
tive and P ro l i f e r a t ive  P r o c e s s e s  in Epi -  
the l ium of Developing Lung of Rat  E m -  
b ryos  under  Normal  Conditions (I) and 
a f t e r  Uni la tera l  Pneum0nee tomy on the 
Mother (1I) 

Age of 
fetu.~es 
(in days) 

13 
16 
19 

159 1092 re0 32j3353t0000 23,31 14,66 0,013 7,51 9,20 0,770 
2,24 5,27 35,72, 20,48 0,000 0,020 

in th ickness ,  stained with Maye r ' s  hematoxyl in  and coun te r -  
stained with eosin,  and also by Feulgen ' s  method.  Only one 
sect ion f rom each embryo  was used for  counting. In the 
13-day embryos  all epi thel ial  cel ls  cut through in all  the 
tubules were  counted, but in the 16- and 19-day embryos  
only 1000 cel ls  f r o m  each embryo  were  counted. Of the 
total  number  of epithelial  cel ls  at  each  t ime the number  
dividing and the number  degenera t ing  were  de termined;  
only cel ls  with evidence of ka ryo lys i s  and karyopyknosis  
of the IInd and IIIrd degrees  were  counted [15]. The n u m e r -  
ical r e su l t s  were  subjected to s ta t i s t i ca l  analysis  in o r d e r  
to de te rmine  the signif icance of the d i f fe rences .  

EXPERIMENTAL RESULTS 

The level of the destructive and proliferative processes during the development of the lung when ex- 
posed to the action of specific humoral factors arising in the mother after pneumonectomy differed sharply 
f r o m  that  in the no rma l ly  developing lung (Table 1). The f i r s t  fea ture  noticed was a d e c r e a s e  in the gen-  
e r a l  level  of  des t ruc t ion  in the epi thel ium of the fetal  lungs of the expe r imen ta l  group at  all  t imes  of deve l -  
opment  studied,  together  with an inc rease  in mitot ic  act ivi ty ,  espec ia l ly  on the 13th day.  Whereas  no dif -  
fe rence  compared  with the lungs of intact  embryos  was found as r ega rds  the course  and appearance  of de -  
s t ruc t ion ,  mi tos is  showed two dist inguishing fea tures :  f i r s t ,  an inc rease  in the number  of e a r l y  phases  
(ear ly  p rophases  were  pa r t i cu l a r ly  numerous  on the 13th day of development);  second,  at  al l  t imes  many 
dying mi toses  were  found in the epi thel ium of the fetal  lungs of  the expe r imen ta l  group,  mainly  in the ea r ly  
s tages  of  divis ion.  In the control  group only so l i t a ry  dying m i t o s e s  were  found. 

These  obse rva t ions  indicate that pneumonec tomy on the pregnant  r a t s  gives r i se  to some  f ac to r  that 
s t imula tes  mitot ic  act ivi ty  sharp ly  and, in the fetal  per iod ,  probably  leads to the e a r l i e r  fo rma t ion  of the 
lungs than no rma l ly  [13, 14, 19]. However ,  another  ef fec t  of this f ac to r  is evident ly  that these "ea r ly"  
lungs a re  less  r e s i s t a n t  to unfavorable  env i ronmenta l  conditions in the pos tna ta l  per iod [4 ,5] .  

During the dec r ea se  in the genera l  level  of des t ruc t ion  in the pu lmonary  epi thel ium of  the e x p e r i -  
mental  group of e m b r y o s ,  however ,  the s a m e  tendency remained as in the control  group: dur ing develop-  
ment  the number  of dying cells  i nc reased ,  i .e . ,  the pr inc ip le  of no rma l  development  was maintained,  but 
the p r o c e s s  continued on a lower  level .  By the end of the per iod of obse rva t ion  (the 19th day) the number  
of  dying cells  inc reased  but was st i l l  below the control  level .  

Compar i son  of the course  of des t ruc t ion  and p ro l i fe ra t ion  (Table 1) also r evea l s  that the d e c r e a s e  
in the level  of  des t ruc t ion  was accompanied by an inc rease  in mitot ic  act ivi ty .  In the control  (development  
of  intact  fe tuses) ,  in which the mitot ic  act ivi ty  was much lower  than in the exper imen ta l  group, the level 
of  des t ruc t ive  p r o c e s s e s  was much higher  than in the expe r imen ta l  s e r i e s .  Converse ly ,  the higher  mitot ic  
act ivi ty  in the exper imen ta l  group was matched by a low level of des t ruc t ion .  The idea of the co r re l a t ion  
between these p r o c e s s e s  was thus just if ied,  for  the resu l t s  of this e x p e r i m e n t  did not cont rad ic t  it. 

The data  on des t ruc t ion  given in this pape r  a re  aggrega ted :  cel ls  in a s ta te  of ka ryo lys i s  and k a r y -  
o r rhex i s  w e r e  cons idered  together ,  for  both these p r o c e s s e s  led to death of the cel l .  However ,  in the i r  
c h a r a c t e r ,  thei r  m e c h a n i s m s ,  the ra te  of the i r  course  and, evident ly,  thei r  s ignif icance these phenomena 
a re  by no means equivalent .  Invest igat ions to study these p r o c e s s e s  dur ing no rma l  embryogenes i s  of  the 
r a t  lung have conf i rmed this view; consequently,  the compar i son  of individual types of  physiological  de -  
s t ruc t ion  with mitot ic  act ivi ty  can be expected to yield fur ther  evidence in suppor t  of the val idi ty  of  the 
idea of the mutual ly regu la to ry  role of  the p r o c e s s e s  of  physiological  des t ruc t ion  and of mitot ic  act ivi ty in 
e m b r y o g e n e s i s .  
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