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In the p roces s  of regenera t ion  of the l iver  and compensatory  hypert rophy of the kidney, together with 
a considerable increase  in weight and st imulation of prol i ferat ion in the remaining par t  of the organ, the 
nucleic acid content is inc reased  when calculated for  the whole organ [4, 5, 7, 13]. This is evidences of a 
true res to ra t ion  of the mass  of the organ.  

The more  detailed study of the changes in nucleic acid synthesis  during regenerat ion of the internal 
organs of mammals  has been ca r r i ed  out mainly on the regenerat ing l iver  as experimental  model [6, 8-12]. 
However, so that the genera l  pr inciples  governing the biochemical  changes during compensa tory  hyper t rophy 
and regenera t ion can be established, it is imprtant  to study this problem in relat ion to other organs .  

The object of the presen t  investigation was to study the charac te r  of the changes in nucleic acid syn-  
thesis and in the morphological  indices (weight, mitotic activity) during compensatory  hyper t rophy of the 
lung in the ear ly  stages after  pneumonectomy.  

Investigations of this type not only provide a more  detailed pic ture  of the completeness  of r e c o v e r y  of 
the lung, but also shed light on the special  features  of the course  of compensatory  hyper t rophy in the p a r -  
t icular organ.  This enables the experimental  conditions to be planned for  future studies of the mechanisms 
of regenera t ion  and compensa tory  hyper t rophy of the lungs. 

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

Experiments  were  ca r r i ed  out on noninbred male rats  weighing 160-250 g. The left lung, approxima-  
tely 37% of the total lung tissue, was removed  f rom the experimental  animals .  A mock operation was 
ca r r i ed  out on the control  ra ts ,  in which thorax was opened and the wound then closed in layers .  A group 
of intact animals se rved  as f i r s t  control .  

Two se r i e s  of experiments  were undertaken. In se r ies  I the changes in weight of the residual  lung 
were determined a tvar ious  times after  removal  of the left lung. For  this purpose rats  of the same stock 
underwent operat ion at the same time and were sacr i f iced  by decapitation, in groups of 6-7 animals at  a 
time, 24, 36, and 48 h and 3, 5, 7, and 10 days after  the operation.  

In the experiments  of se r ies  II the course  of synthesis  of nucleic acids and the cha rac te r  of the change 
in the dry weight and mitotic activity of the lung cells were studied during the development of compensa tory  
hypertrophy.  In these exper iments  animals of different stock underwent the operation,  and the exper imen-  
tal mater ia l  was accumulated gradually.  The periods of observat ion in this se r i e s  were  20, 24, and 48 h 
and 3, 4, 5, and 7 days after  the operat ion.  At each time 4-11 animals were sacr i f iced .  Since the la rges t  
number  of dividing cells in r a t s '  lungs is observed in the mornings (7-10 a.m.) [1], as a rule the animals 
were sacr i f iced  at 9-11 a.m. 

Measurement  of the dry  weight of the lung and determination of the concentrat ion of RNA in pg / t00  
mg dry  weight of t issue by the method of Schmidt and Thannhauser [14], followed by spec t rophotometry  by 
A. S. Spirin 's  method [3], were  ca r r i ed  out on the experimental  and control ra ts  at the time of operation 
in the left lung, and at var ious times after  its removal ,  in the r ight lung. 
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T A B L E  1. Change in  Weigh t  of the Lungs of E x p e r i m e n t a t l  and Cont ro l  
R a t s  a t  V a r i o u s  T i m e s  a f t e r  O p e r a t i o n .  

Time 
after 
opera- 
tion 

Group of animals 

0,56 

Weight of lungs 
Num- Wight I Both 
~r  of 
;ani- 

In mg In mg rials 
I 

9 9 0 2 , 0  1892,0 

8 1236,0 -- 

4 7 4 0 , 0  1147,0 
6 1220,0 --  

8 932,0 --  

4 1350,0 1955,0 
6 986 ,0  -- 

12 8 5 4 , 0  1360,0 
7 960,0 -- 

6 8 8 8 , 0  1440,0 
9 1103,0 --  

9 9 7 7 , 0  1494,0 
7 1207,0 -- 

7 1071,0 -- 

7 1192,0 --  

Dry weight of 

o o ~-ht 

~ lung al 
~tlme o 

q ~ o acnfk 

Control (without mock 
J 

operation) 

20 h Experiment. 0,55 21,6 18,8 

Control (with mock 
24 h operation) 0,62 -- 

Experiment: 0,61 22,4 19,2 

36 h Experiment 0, 51 -- -- 

I Control (with mock 
i8 h ope ration) 0,68 -- 22,0 

Experiment 0,52 22;0 21,8 

Control (with mock 
3 Days operation) 0,67 21,8 

Experiment 0,51 2~, 1 22,0 

4 Days Control (with mock operation) 0,73 -- 21,9 
Experiment 0,60 22,0 22,4 

! Control (with mock 
5Day7 i operation) 0,64 -- 22,2 

I Experiment 0,68 22,0 22,0 
i 

7 Days Experiment 0,63 21,7 I 12,6 

10 Days Experiment . . . . . . . . .  0,59 -- -- 

In s e c t i o n s  of the  lung 7 # in  t h i c k n e s s ,  s t a i n e d  wi th  h e m a t o x y l i n - e o s i n ,  the n u m b e r  of m i t o s e s  to 
4000 c e l l s  of the  i n t e r a l v e o l a r  s e p i a  not  u n d e r g o i n g  d i v i s i o n  was  counted .  The m i t o t i c  a c t i v i t y  was  e x p r e s s -  
ed  in p r o m i l l e .  

The n u m e r i c a l  r e s u l t s  w e r e  a n a l y z e d  b y  the s t a t i s t i c a l  m e t h o d  of F i s h e r  and  Student .  The d i f f e r e n c e s  
w e r e  r e g a r d e d  as  s i g n i f i c a n t  i f  P _ 0 . 0 2 .  

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

A n a l y s i s  of the r e s u l t s  of  the  e x p e r i m e n t s  of s e r i e s  I, r e f l e c t i n g  the t r e n d  of the  changes  in  the r e -  
l a t i v e  we igh t  of the r e m a i n i n g  lung,  showed  tha t  two p e a k s  o c c u r r e d  d u r i n g  d e v e l o p m e n t  of c o m p e n s a t o r y  
h y p e r t r o p h y  of the o r g a n :  the  f i r s t  c o n s i d e r a b l e  i n c r e a s e  in the  weight  of the lung was  o b s e r v e d  24 h a f t e r  
the o p e r a t i o n ,  a f t e r  which  the we igh t  of the lung f e l l  s i g n i f i c a n t l y  (by 18-20~c). The s e c o n d  m a r k e d  i n c r e a s e  
in  wigh t  took p l a c e  on the  5th day ,  and  f r o m  this  m o m e n t  s t a b l e  h y p e r t r o p h y  of the  o r g a n  was  o b s e r v e d :  
on the 7th and 10th days  the we igh t  of the lung in the e x p e r i m e n t a l  a n i m a l s  was  equa l  to the  we igh t  of two 
lungs  of the  i n t a c t  r a t s  (Table  1). 

In the  e x p e r i m e n t s  of s e r i e s  I I  the  r e l a t i v e  we igh t  of the lung showed  changes  of a s o m e w h a t  d i f f e r e n t  
p a t t e r n  d u r i n g  c o m p e n s a t o r y  h y p e r t r o p h y :  the r e s i d u a l  lung i n c r e a s e d  c o n s i d e r a b l y  in  s i z e  20 h a f t e r  r e -  
m o v a l  of the  o p p o s i t e  o r g a n  (by 30% c o m p a r e d  wi th  the r i g h t  lung in the con t ro l ) ,  bu t  a f t e r  24 h i t s  we igh t  
d e c r e a s e d ,  a l though  th is  d e c r e a s e  was  not  s i g n i f i c a n t  (P= 0.11).  On the 3 r d  day  a f t e r  the  o p e r a t i o n  the 
we igh t  of the lung of the e x p e r i m e n t a l  r a t s  was  41~c g r e a t e r  than  the we igh t  of the r i g h t  lung,  and a m o u n t e d  
to 80~c of the we igh t  of bo th  lungs  of the  c o n t r o l  a n i m a l s .  In the l a t e r  p e r i o d s  a f t e r  the o p e r a t i o n  (4th, 5th 
and 7th days )  the  c o m p e n s a t o r y h y p e r t r o p h y v a r i e d w i t h i n  the s a m e  l i m i t s  a s  on the 3 r d  day a f t e r  the  
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Changes in mi to t ic  act iv i ty  in the lungs of the con-  
t rol  and exper imen ta l  r a t s  at va r ious  t imes  a f t e r  
opera t ion.  1) Control; 2) Exper iment .  Along the 
axis of a b s c i s s a s - t i m e  a f t e r  operat ion;  along 
the axis of o r d i n a t e s - M C  (in ~c ). 

operat ion,  demons t ra t ing  s tabi l iza t ion of the p r o c e s s .  
The absence  of an accura te  reproduct ion  of the change 
in the curve  of r e l a t i ve  weight of the hyper t rophied  
lung in the expe r imen t s  of s e r i e s  11, as occu r r ed  
cha rac t e r i s t i c a l l y  in the animals  of ser~es I, was 
evidently due both to the different  expe r imen ta l  con- 
ditions in these s e r i e s  and to the individual reac t ion  
of the lung to r e m o v a l  of the pa i r ed  organ.  

In the r a t s  undergoing the mock  operat ion,  the 
re la t ive  weight of the lungs was s l ight ly g r e a t e r  than 
in the intact  r a t s  (Table 1). However,  this i n c r e a s e  
was not significant  2, 3, and 5 days a f t e r  the o p e r a -  
tion (P= 0.035, 0.623, and 0.694). On the 4th d a y a f t e r  
the mock opera t ion the di f ference became  signif icant  
(P= 0.001). This sugges t  that the pneumothorax  and 
the phenomena as soc ia t ed  with healing of the op e ra -  
tion incis ion in the chest  wall (part ial  nec ros i s  of the 
t i s sues ,  inf lammat ion ,  etc.) were  re f lec ted  in the 
morpho-phys io log ica l  s ta te  of the lung, and in the 
volume of blood fi l l ing it, mani fes ted  by an i nc r ea se  

in the weight of the organ.  It has been shown [2], in fact ,  that in pneumothorax  the conditions of c i rcula t ion 
of the blood in the pu lmonary  s y s t e m  a re  dis turbed,  causing congestion of the blood ve s se l s  of the lung with 
blood on the side of the pneumothorax.  

The hyper t roph ied  lung of the an imals  s ac r i f i ced  in the ea r ly  per iods  a f t e r  the opera t ion  (20 and 24 
h) was edematous ,  its cap i l l a r i e s  were  di lated and fi l led with blood, and a homogeneous ,  pink effusion was 
p r e s e n t  in the lumen of ce r t a in  alveol i .  The d ry  weight of 100 mg t issue of the lung in this s ta te  a f t e r  20 
h ave raged  18.8 rag, and a f t e r  24 h - 1 9 . 2  mg,  whereas  the d ry  weight of 100 mg of t i s sue  of the left  lung, 
r emoved  f r o m  these  an imals  at  opera t ion,  was 21.6 and 22.4 mg re spec t ive ly  (Table 1). The d i f ferences  
between the expe r imen ta l  and control  values  were  signif icant  (P= 0,001) 20 h a f t e r  the opera t ion  and c lose  
to s ignif icant  (P= 0.03) 24 h a f t e r  the operat ion.  These  r e su l t s  demons t r a t e  that the rap id  i n c r e a s e  in 
weight of the r e s idua l  lung immed ia t e ly  a f t e r  r emova l  of the lef t  lung was due mainly  to edema and to the 
i nc rea sed  degree  of fil l ing of the organ with blood. 

The DNA concentra t ion  r em a i ned  unchanged at this per iod,  while the RNA concnet ra t ion  fe!l  on the 
ave r age  by 8-10~c, the d i f ference  between the exper imen ta l  and control  values  being s ta t i s t i ca l ly  s ignif icant  
(P= 0.001). The mitot ic  act iv i ty  of the cel ls  of the i n t e r a lveo l a r  septa  r ema ined  at the lower  l imi t  of no r -  
mal  (MC= 0.37-0.5~c) (Fig. 1). 

TABLE 2. Concentration of Phosphorous of RNA and DNA per 190 mg Dry Weight of Rats r 

Lung Tissue at Different Times after Operation 

Time a f t e r  opera t ion 

20 h ........... 

24 h ........... 

48 h ........... 

3 days .......... 

4 days .......... 

5 days .......... 

8 days .......... 

Number  of 
an imals  

Experiment (removal of left lung) 

Removed 
left lung 

4 

4 

4 

6 

6 

12 

4 

Phosphorous of 
RNA (in p g) 

Removed Right 
left  lung lung 

146.9 126.5 
141.4 128.7 
141.9 135.2 
143.7 144.8 

145.7 220.3 

142.0 174.4 

144.8 149.9 

Phosphorous  of 
DNA (in ~ g) 

Right 
lung 

287.6 282.9 
273.0 272.7 
277.6 282.8 
279.5 272.5 
279.5 323.4 
270.0 270.8 
277.7 273.5 

Control (mock 
o p e r a , o n )  

Phospho-  
rous  (in 

g) 

Phospho-  
rous  (in 

U g) 

Right lung 

140.0 280.5 
147.8 286.1 
141.5 274.6 
135.8 272.6 
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By the 3rd day of development of compensatory  hypert rophy of the lung, synthesis was taking place 
in it normal ly :  the concentra t ion of RNA and DNA was almost  the same as in the lungs of the control 
animals (Table 2). 

The significant increase  in the RNA concentrat ion by a mean value of 52~c, and of the DNA by 16~c, 
on the 4th day was followed by a stable increase  in the relat ive weight of the hyper t rophied lung star t ing 
with the 5th day after  pneumonectomy.  

This per iod of intensif ication of nucleic acid synthesis was followed by a per iod of intensified p ro l i -  
fera t ion of the lung cells  (see Figure).  On the 5th day after  operation the mean value of MC was 1.9%), i.e., 
two or  three t imes h igher  than in the lungs of the control  ra ts  undergoing the mock operation. Starting 
with the 5th day the concentrat ion of DNA and RNA fell, to reach normal  by the 7th day after  the operation. 
The mitotic activity of the cells of the hypertrophied lung at this period was a lmost  the same as in the 
control .  

Hence, three periods can be distinguished in the development of compensatory  hyper t rophy of the 
lung af ter  le f t -s ided pneumonectomy: a per iod of pseudohypertrophy,  when the sequelae of the o p e r a t i o n -  
edema and h e m o r r h a g e s - s t i l l  pe r s i s t ed  in the organ, RNA synthesis was depressed:  a per iod of inten- 
sified synthesis  of RNA and DNA, followed by inc reasedpro l i f e r a t i ono f  the cells and an increase  in the 
mass  of the organ; a per iod of stabil ization of the process ,  marked by res tora t ion  of normal  nucleic acid 
synthesis  and mitotic activity, and stabilization of the weight of the organ. 

In the p rocess  of development of compensatory  hypertrophy of the lung, as during regenerat ion of the 
l iver,  a close relat ionship is found between the level of nucleic acid synthesis and the degree of p ro l i f e r -  
ation of the cells of the organ:  the intensified onset of mitosis  in the cells is preceded by an increase  in 
the DNA concentrat ion in the t issue of the organ. 

Meanwhile, no sign was found of the intensification of RNA synthesis which should have preceded the 
intensification of DNA synthesis ,  because the conentration of both types of nucleic acids in the present  ex- 
per iments  rose  s imultaneously on the 4th day after  the operation. Clearly shor te r  intervals between the 
t imes of investigation are  neces sa ry  in o rder  to detect this feature observed regular ly  by other authors 
during regenerat ion of the l iver  [7]. 
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