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E F F E C T  O F  P R E C E D I N G  S T R E S S  ON M I T O T I C  

A C T I V I T Y  O F  T H E  R E G E N E R A T I N G  L I V E R  

P .  A.  V u n d e r ,  V.  P .  V u n d e r ,  
a n d  T .  A .  A n d r o n o v a  

UDC 616.36-003.93-018.15- 
092:616.45-001.1/.3 

For  2 h male  r a t s  were  immobi l ized  14 h or 24 h before  par t ia l  hepa tec tomy.  Some of these  
an imals  r e c e i v e d  subcutaneous injections of theophylline immedia te ly  a f te r  immobi l iza t ion  and 
next  day. Under the influence of s t r e s s  a tendency was obse rved  for mitot ic  act ivi ty of the r e -  
genera t ing  l iver  to be inc reased .  This  effect  was pa r t i cu l a r ly  marked  in r a t s  r ece iv ing  theo-  
phylline additionally.  
KEY WORDS: r egene ra t ion  of the l iver ;  mitot ic  act ivi ty of hepa tocytes .  

Numerous  invest igat ions have shown that  s t r e s s  leads to inhibition of mitot ic  cel l  act ivi ty.  This  has  
been found mainly  by the use of objects  such as the cornea l  epi thel ium. However ,  s t r e s s  does not inhibit but 
i n c r e a s e s  the number  of mi to ses  in the epithel ial  ce l ls  of the c ryp t s  of the smal l  intest ine [2, 3, 5]. It has  a lso  
been found that  the action of a s t r e s s o r  before  par t ia l  hepa tec tomy i n c r e a s e s  DNA synthes is  in the r egene ra t ing  
l iver  [8, 9]. 

The object  of this  invest igat ion was to study the effect  of s t r e s s o r  action preceding  par t ia l  hepa tec tomy 
on mitot ic  act iv i ty  of the r egene ra t ing  l iver  and also to invest igate  the act ion of theophylline,  an inhibitor of 
cycl ic  AMP phosphodies te rase ,  on the r e s u l t  of such s t r e s s .  

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

Exper imen t s  we re  c a r r i e d  out on noninbred male  r a t s  with a mean weight between 180 and 231 g. The 
an imals  as a whole were  divided into five groups (Table 1). The an imals  of group 1 acted as the control  and 
underwent par t ia l  hepa tec tomy with the r e m o v a l  of about 70% of the m a s s  of the l iver .  The an imals  of the other 
groups  were  immobized  14 or 24 h before  hepa tec tomy for 2 h by fixation to the bench. Some r a t s  immedia te ly  
a f te r  the end of immobi l i za t ion  and a lso  next day (before r e sec t i on  of the l iver)  r ece ived  subcutaneous in jec-  
tions of theophylline solution in a dose of 10 mg/100 g body weight. All the an imals  were  ki l led 30 h a f te r  r e -  
sect ion of the l iver ,  which was a lways p e r f o r m e d  at 3-4  p .m.  P i ece s  of l iver  were  fixed in Ca rnoy ' s  fluid and 
embedded in paraf f in  wax. Sections were  stained by Feu lgen ' s  method. The total  number  of mi toses  and the 
var ious  phases  of mi tos i s  s epa ra t e ly  we re  counted in 100 fields of vision of the mic roscope  (objective 40, ocular 
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TABLE 1. Effect  of P r e c e d i n g  S t r e s s  Combined with Inject ion of Theophyl l ine o n M i t o t -  
ic Act iv i ty  of Regenera t ing  L ive r  (M * m) 

0~.~ 

~ Procedure 

Resection of liver (8) 
Resection of liver 24 h before stress (8) 

Resection of liver 24 h before stress and 
injection of theophylline (8) 
Resection of liver 14 h before stress (7) 
Resection of liver 14 h before stress and 
injection of theophylline (8) 

Mitotic 
index 

Distribution by phases (%) 
mete- an~p~se! telo- prophases phases , phases 

57,82 16.45 9,55 16,18 
60,12 18,07 7,79 14,02 

59,77 22,84 5,31 12,08 

65,83 16,22 6,3 11,65 
60,48 25,17 4,4 9,95 

4,25---+0,7 
6,9~0,95 

P<O,O05 
8,02~0,7 
P<O,O01 
6,92m 1,42 
I 1,4--1,0 

P <0.005 

Legend. Number  of an ima l s  in pa ren these s .  

Phase 
coef- 
ficient 

2,88 
3,58 

4,75 

4,57 
5,96 

10). The mitot ic  index (the number  of mi toses  per thousand celts)  was ca lcula ted .  The number  of mi tot ic  
phases  was e x p r e s s e d  as a pe rcen tage  of the  to ta l  number  of mi toses .  The phase  coeff ic ient  (the r a t i o  of the 
number  of p rophases  and metaphases  to the number  of anaphases  and t e lophases ,  in %) a lso  was caleulatedo 

I. Spirin a s s i s t e d  with the expe r imen t s .  

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

The r e s u l t s  a r e  given in Table 1o 

As Table  I shows, in the expe r imen t s  with immobi l i za t ion  for  2 h 14 and 24 h before  r e s e c t i o n  of the l i -  
ve r  a tendency was observed  for the mitot ic  index and phase coeff ic ient  to i n c r e a s e .  However ,  in one e x p e r i -  
ment  in which s t r e s s  was produced 14 h before  r e s e c t i o n  of the l i ve r ,  this  i n c r e a s e  was not s t a t i s t i c a l l y  s ignif -  
icant  (compare  groups 4 and 1). In both groups  in which s t r e s s  was combined with inject ions of theophyl l ine  
the re  was a highly s ignif icant  i n c r e a s e  in the number  of dividing ce l l s .  It is cons ide red  that  theophyl l ine fac i l -  
i ta ted the accumula t ion  of cycl ic  AMP, which caused  a w e l l - m a r k e d  i n c r e a s e  in the number  of mi toses .  This  
hypothes is  is in agTeement with the r e s u l t s  of inves t iga t ions  showing the r o l e  of cyc l ic  AMP in l i ve r  r e g e n e r a -  

t ion [1, 6, 7, 10]. 

How can the r e s u l t s  be i n t e rp r e t ed?  P r e s u m a b l y  s t r e s s  in i t ia l ly  inhibi ted the passage  of the hepa tocy tes  
into mi tos i s  by bIocking ce l l s  at  the g~ s tage .  S t r e s s ,  of cou r se ,  is coupled with the l ibe ra t ion  of ad rena l in ,  
which can i t se l f  deIay the ce l i s  at  th is  s t a g e  [4]. La te r ,  a f te r  the inhibi tory  effect  of s t r e s s  had ceased ,  a " r e -  
bound phenomenon" a ro se ,  marked  by synchronized  ent ry  of the ce l l s  into mi tos i s .  However,  this  explanat ion 
is con t rad ic ted  by the long t ime in te rva l  between s t r e s s  and the beginning of counting mi to s i s .  In the f i r s t  ex-  
pe r imen t  the in te rva l  was 54 h (24 h e lapsed  af ter  the beginning of s t r e s s t o  the opera t ion  and 30 h af te r  pa r t i a l  
hepatectomy) .  In another exper imen t  this  in te rva l  was 44 h (14 h + 30 h r e spec t ive Iy ) .  The "rebound phenom-  
enon" couid hard ly  p e r s i s t  for so long. In addit ion,  as inves t iga t ions  have shown, preceding  s t r e s s  St imuIates  
DNA syn thes i s ,  and this took place  even when the s t r e s s  p receded  r e s e c t i o n  of the l iver  by 3 days [8]. In addi -  
t ion,  in the p r e sen t  expe r imen t s  the i n c r e a s e  in the mitot ic  index was not accompanied  by a d e c r e a s e  in the 
phase coeff icient-  this  coeff ic ient  a l so  inc reased .  That is why the w r i t e r s  incl ine to the view that  the i n c r e a s e  
obse rved  in the number  of mi toses  was not a "rebound phenomenon," but the exp re s s ion  of s t imula t ion  of m i t e r -  
ie ac t iv i ty  of the hepa tocy tes .  Another  fac tor  r e s p o n s i b l e  for this  s t imula t ion  could be an i n c r e a s e  in the s e -  
e re t ion  of ad rena l in  and glucagon under the influence of s t r e s s o r  action'. 
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A U T O R A D I O G R A P H I C  I N V E S T I G A T I O N  O F  T H E  R A T E  

O F  C O L L A G E N  S Y N T H E S I S  D U R I N G  S T I M U L A T I O N  

O F  W O U N D  H E A L I N G  

G.  N .  D u d n i k o v a  UDC 617.001.4-08-07:616.008. 
939.629-073.916 

The r a t e  of t ropocol lagen synthes is  by f ib robtas t s  of granulat ion t i ssue  and of its l iberat ion into 
the in te rce l lu la r  space  was invest igated in contro l  an imals  and during s t imulat ion of the wound 
p r o c e s s  by po tass ium oro ta te ,  a pyr imid ine  der ivat ive .  Under the influence of the s t imula to r  
t ropocol lagen synthes is  was obse rved  to be increased .  The p r e c u r s o r  of collagen f ibers  ap-  
pea r ed  in the in te rce l lu la r  space  and was incorpora ted  into the f ibrous s t r u c t u r e s  of the g ranu-  
lation t i s sue  sooner  under these  c i r c u m s t a n c e s  than in the control ,  a fact  which c o r r e l a t e d  with 
the intensif icat ion of RNA synthes is  in the f ibroblas t  nuclei and with the more  rap id  l iberat ion of 
the newly synthes ized  RNA f r o m  the nucleus into the cy top la sma  of the cel ls  under  s im i l a r  con- 
dit ions.  No sha rp  excess  of col lagen was obse rved  in the granulat ion t i s sue  of the an imals  r e -  
ceiving po tass ium orota te ,  however .  
KEY WORDS: t ropocol lagen;  proline-3H; po tass ium orota te ;  f ib roblas t s ;  r a t e  of collagen syn-  
thes is .  

Invest igat ions  during the las t  10-15 y e a r s  have  resu l t ed  in the opinion that  collagen is synthesized by fi-  
b rob la s t s  and then t r a n s p o r t e d  into the in te rce l lu la r  space  [1, 2, 4]. So far  as wounds a r e  concerned,  the pe r i -  
ods of  max imal  synthes is  of collagen molecules  and format ion  of col lagen f ibers  have been es tabl i shed [8-11]. 
It has  a lso  been shown that  under conditions of hypo-  andav i t aminos i s  C the quantity of newly fo rmed  collagen 
in wounds of guinea pigs is sharp ly  reduced  but it re tuns  quickly to normal  if the an imals  a r e  t r a n s f e r r e d  to a 
diet containing sufficient  v i tamin  C [7, 14, 15]. However ,  hardly  any work has  been done to d i scover  the  ef fec t  
of s t imulat ion of the wound p r o c e s s  on the r a t e  of format ion  of collagen and the quantity of it fo rmed  de hove. 
By applying the method of au toradiography using the labeled p r e c u r s o r  of collagen such an analys is  can be un- 
der taken.  

With these  fac ts  in mind it was decided to invest igate  the r a t e  of format ion  of t ropocol tagen i~i f lbroblas ts  
and of l ibera t ion of the newly fo rmed  p r e c u r s o r  of col lagen f ibe r s  into the in te rce l lu la r  space  during s t imula -  
t ion of the wound p r o c e s s  by po ta s s ium orota te ,  a pyr imidine  der ivat ive ,  and a lso  to t ry  to es tabl i sh  quantitative 
d i f fe rences  in the content of newly synthesized collagen in the granulat ion t i s sue  of exper imenta l  and control  
an imals .  

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

Expe r imen t s  we re  c a r r i e d  out on 30 noninbred albino mice  weighing 25 g. In the region of the an tero la t -  
e ra l  su r face  of the thigh an incision 1 cm long was made in the skin and subcutaneous ce l lu lar  t i s sue  and a 
p iece  of musc le  m e a s u r i n g  2 • 2 • 2 m m  was r emoved .  The wounds hea led  beneath a scab.  The an imals  w e r e  
divided into two groups.  Mice of one group immediafe ly  a f te r  the operat ion began to r ece ive  po tass ium orota te  
by mouth as a 2% solution in a dose of 0.2 ml daily and the an imals  of the other group acted as  the control .  

Depar tment  of Pathological  Anatomy, A. V. Vishnevskii  Insti tute of Surgery,  Academy of Medical Sciences 
of the USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical  Sc iences  of the USSR A. V. Smol ' -  
yannikov.) T rans l a t ed  f rom Byutle ten '  Ekspe r imen ta t ' no i  Biologii i Meditsiny,  Vol. 82, No. 10, pp. 1256-1258, 
October ,  1976. Original  a r t i c le  submit ted  March 10, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishin A" Corporation, 227  West 17th Street, N e w  York, N .Y .  1001 l. No  part ] 
i 

o f  this publication may  be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I microfilming, recording or otherwise, wi thout  written permission o f  the publlsher A copy Of this article is available from the publisher for  $7.50. 

1570 


