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observed on the unoperated side, No increased DNA syn- 
thesis can be seen in the interfascicular glial cells along 
the hypoglossal axons outside the regenerating nucleus. 
During this period with increased DNA synthesis mitotic 
figures can be found in the glial cells. In animals killed 
at 9 p.m. on the fourth postoperative day around one 
mitotic figure can be seen per section in the regenerating 
nucleus, and this corresponds to 2-3 mitotic figures per 
1000 glial cells. The endothelial cells in the regenerating 
nucleus also show a DNA synthesis of nearly the same 
order as the glial ceils. 

In a second series material from a study of RNA syn- 
thesis in the regenerating nucleus hypoglossus was used. 
The experimental  technique was exactly the same, but 
the tracers administered intracisternally were H~-adenine 
and H3-cytidine, which were given in daily injections at 
9 p.m. during four days before sacrifice. 2"he animals 
were sacrificed at 9 p.m. on the fifth day after the first 
injection. A total  of 740 /to H3-adenine and 300 /~c H a, 
cytidine was given in each experiment. The Carney fixed 
sections were incubated with ribonuclease in ammonium 
bicarbonate buffer according to EDSTROM s for 3 X 30 
rain at 37°C. Some sections were incubated after this 
extraction with deoxyribonuclease according to ED- 
STROMV for 3 X 60 rain. The autoradiographic procedure 
was exactly the same as in the first series and the exposure 
time was kept constant for all sections, which made it 
possible to compare the DNA synthesis in four-day inter- 
vals from the second to the thirty-sixth postoperative day 
(Table II). All gtial nuclei with ribonuclease resistant 
labelling extractable with deox)wibonuclease giving more 

Table Ii. The number of labelled giial nuclei per ribonucleasc treated 
section on the regenerating and control side of nucleus hypoglossus. 
Rabbits were injected with If-adenine and H3-eytidine on four suc- 

cessive days and sacrificed 24 h after the last injection 

Days after operation 6 10 14 20 28 36 

Regenerating side 24.5 9.4 4.0 0.5 1.0 0.7 
Control side 1.9 1.7 2.5 0.5 0.3 0.2 

than  i0 grains in the autoradiographic emulsion over ttlc 
nuclcus wcrc countcd ,'is labellcd. This sccond scrics 
demonstrates that the I)NA synthesis in glial cells 
rapidly decreases aftcr the first postoperative wcck, and 
after the second postoperative wcck there is no significant 
diffcrcncc bctwccn l)NA synthesis on operated and un- 
opcratcd sidcs. In all expcrimcnts thc increase in DNA 
synthesis was restricted to the regenerating nucleus. 

The morphological gtial change,; during and aftcr the 
period with DNA synthesis in the regenerating nucleus 
were studied with Cajal's gold sublimate method for 
astrocytcs, Tsujiyama's method for oligodendroglia, and 
Hortega's silver carbonate method hw microglia, The 
astrocytcs show a remarkable hypertrophy in the rc- 
gcncrating nucleus and this astrocytic reaction begins on 
thc third day after nerve crushing amt reaches its maxi- 
mum dnring the ninth and fourtccnth days. After the 
third week the astrocytosis rapidly decreases and 90 days 
after the nerve crush the astrocytosis in the regenerating 
nucleus is negligible. The microglial cells change less 
dramatically and the maximal microglial response is 
found bctwccn the third and fifth postopcrativc wccks. In 
the oligodcndroglial cell population no significant changcs 
can bc sccn during rcgeneration. 

A dctailcd account of the c×pcrimcnts will bc published 
later. 

ZusammenJassung, Autoradiographie wm Gliazellen, 
welche regenerierende motorische Nerveuzellen umgeben, 
ergab eine stark erh6hte I)NA-Synthese in den Gliazellcn 
zwischen dem zweiten und sechsten Tag nach dem Ner- 
vcnschadcn. Morphologisch'crschcincn typischc Gliavcr- 
~indcrungen mit hochgradigcr Hypertrophic der Astro- 
cytcn in dcr zwcitcn und dritten Wochc nach der Opcra- 
tion, 
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Protein Synthesis in the Early Stages of Liver 
Regeneration 

A literature survey of radioisotopic investigations dur- 
ing regeneration after partial hepatectomy shows some 
lack of information on the behaviour of protein synthesis 
early after liver lobectomy, before significant tissue res- 
toration occurs. 

We refer in particular to the first post-operative day, 
when, compared to normal controls, generally only small 
changes have been reported in amino acid incorporation 
into regenerating liver proteins L 

However, it is evident that  active synthesis of proteins, 
most likely enzymes, necessary to trigger the later in- 
crease of the liver parenchyma, must take place at a 
molecular level long before the time the hepatic cells seem 
to be metabolically inert, 

Such phenomena may in fact have been missed in pre- 
vious researches either because of tile tendency to take 
tile regenerating liver for biochemical investigations hmg 
after the partial hepatectomy, when the growth rate has 
reached a maximum, or because the investigations are 
mainly carried out on tile whole cell protein instead of on 
protein from subcellnlar fractions. 

Some data supporting tile above views may be derived 
from the research by several authors showing that, during 
the so-called pro-synthetic period, lasting from zero to 
18 h after surgery, tile apparently quiescent liver cell 
already synthetizes the enzymes necessary for nucleic 
acid replication. Generally, these investigations have been 
devoted more to tile mechanism of tile nucleic acid pro- 
duction and its inhibition by ionizing r:tdi:ttion than to 

x R. D. HARKN~SS, Brit, Med, llull, 13, 87 (1957), 
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t h e  r e g e n e r a t i o n  of t h e  l iver  p e r  se (for review,  see 
CLERmI 2). 

Therefore ,  i t  s e e m e d  w o r t h w h i l e  to  u n d e r t a k e  t h e  
p r e s e n t  in  r i v e  r e sea rch  in t h e  hope  of s y s t e m a t i c a l l y  de-  
f in ing  b o t h  t h e  b e h a v i o u r  of t h e  p r o t e i n  syn thes i s  in  t h e  
ea r ly  phases  of t h e  l iver  r e g e n e r a t i o n  a n d  t h e  d i s t r i b u t i o n  
a m o n g  t he  subce l lu la r  s t ruc tu re s .  

Af te r  a 12 h fast ,  20 ma le  a lb ino  ra ts ,  ~vVistar s t ra in ,  
we igh ing  a b o u t  100-150 g each,  were  h e p a t e c t o m i z e d  ac- 
co rd ing  to HmGINS a n d  ANDERSON 3. F o u r  h o u r s  before  
sacrifice, e a c h  raft r ece ived  a n  i n t r a p e r i t o n e a l  i n j e c t i o n  of 
Q.5 mI  of a so lu t ion  c o n t a i n i n g  5 ttC of DL-Ieucine-l-x*C 
(specific a c t i v i t y  3.8 m C / m M ) .  Lo t s  of f ive r a t s  each  were 
ki l led 4, 8, 16, a n d  40 h a f t e r  su rge ry ;  t h e i r  l ivers  were  
pe r fused  w i t h  ice-cold 0 . 2 5 M  sucrose a n d  hom ogen i zed  
w i t h  9 Vol  of t he  s ame  m e d i u m .  

A f t e r  r e m o v a l  of a sma l l  a l iquot ,  wh ich  was prec ip i -  
t a t e d  w i t h  t r i ch lo roace t i c  acid (TCA) (final c o n c e n t r a t i o n  
1%) ,  t h e  h o m o g e n a t e  was  f r a c t i o n a t e d  in a r e f r i ge ra t ed  
cent r i fuge ,  fol lowing t h e  t e c h n i q u e  of SCrlNEII)ER a n d  
HOGEBOOra 4, in to  nuclear ,  m i t ochond r i a l ,  m ic rosoma l  a n d  
s u p e r n a t a n t  f rac t ions ,  w h i c h  were  t r e a t e d  w i t h  T CA  as 
a b o v e ;  t he  p ro t e in s  of the  four  f r ac t ions  a n d  t h a t  of t h e  
h o m o g e n a t e  were pur i f ied ,  p l a t e d  a n d  c o u n t e d  as pre-  
v ious ly  desc r ibed  ~. 

A n  iden t i ca l  p r o c e d u r e  was car r ied  o u t  on  20 s h a m -  
o p e r a t e d  r a t s  w h i c h  were  ut i l ized as  cont ro ls .  

Resu l t s  o b t a i n e d  a t  al l  t i m e s  were  s u b j e c t e d  to  a n  
ana lys i s  of v a r i a n c e  accord ing  to  SIqEt~ECOR'S ~ m e t h o d s :  
t he  effect  of t h e  ' p a r t i a l  h e p a t e c t o m y ' ,  t h e  di f ferences  
' a m o n g  p r e p a r a t i o n s '  ( h o m o g e n a t e  a n d  subce l lu la r  f rac-  
t ions)  a n d  t h e i r  i n t e r a c t i o n s  were  t a k e n  in to  cons ide ra -  
t ion .  
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nL-Leueine-l-laC incorporation into liver protein of partially hepa- 
tectomized (shadowed bars) and sham-operated (empty bars) rats, 
4 (A}, 8 (B), 16 (C), and 40 (D) h after surgery, vertical lines repre- 

senting standard errors. 

T h e  Figure,  wh ich  s u m m a r i z e s  t he  whole  se t  of d a t a  (ex- 
pressed  as c o u n t s / r a i n / r a g  of p ro te in )  shows t h a t  t he  
e x p e r i m e n t a l  v a r i a b i l i t y  in  t h e  h e p a t e c t o m i z e d  r a t s  is 
g r ea t e r  t h a n  in t he  s h a m - o p e r a t e d  con t ro l s  a n d  t h a t  in  
b o t h  cond i t i ons  t h e  h ighes t  specific a c t i v i t y  is f ound  in  
t h e  m i c r o s o m a l  f rac t ions  fol lowed b y  t h e  m i t o c h o n d r i a l ,  
s u p e r n a t a n t  a n d  t he  nuc lea r  ones.  F u r t h e r m o r e ,  the  specif-  
ic a c t i v i t y  of each  f rac t ion,  e x c e p t  the  nuc l ea r  ones,  
r anges  a b o v e  t h a t  of t he  whole  h o m o g e n a t e .  

The  ' a m o n g  p r e p a r a t i o n s '  effect  is a lways  s t a t i s t i ca l ly  
s ign i f ican t ,  t h o u g h  a t  d i f f e ren t  levels  of s igni f icance  
(4 h =  P - <  0.05; 8 h =  P % 0.01; 16 h =  0.01 < t ) < 
0.05; 40 h = P < 0.01). On t h e  c o n t r a r y ,  t h e  ' p a r t i a l  
h e p a t e c t o m y '  effect  becomes  r e l e v a n t  ( P  < 0.01) on ly  in  
t h e  g roup  of an ima l s  sacr i f iced 16 h a f t e r  surgery .  

B y  o b s e r v i n g  t h e  F igure  i t  a p p e a r s  t h a t  such  a n  effect  
would  n o t  h a v e  been  e v i d e n t  b y  t he  mere  o b s e r v a t i o n  of 
t h e  uL- l eue ine - l -~C  i n c o r p o r a t i o n  r a t e  i n to  t h e  p r o t e i n  
of t h e  whole  h o m o g e n a t e ,  s ince  t h e  specific a c t i v i t y  in- 
crease,  as c o m p a r e d  to  cont ro ls ,  is de f in i t e ly  p r e s e n t  o n l y  
a t  t h e  level  of t he  m i c r o s o m a l  a n d  m i t o c h o n d r i a l  f rac t ions .  

P r a c t i c a l l y  t h e  s ame  o b s e r v a t i o n s  are  va l id  for  t h e  
resu l t s  o b t a i n e d  in t h e  40 h g roup  (par t i a l  h e p a t e c t o m y  ----- 
_P <2 0.01); however ,  in  t h i s  case, all  t h e  subce l lu la r  f rac-  
t i ons  of t h e  l iver  show a n  inc reased  i n c o r p o r a t i n g  a c t i v i t y  
as  c o m p a r e d  to  t h e  controls .  Such  a p r o p e r t y  is also 
s h a r e d  b y  t h e  whole  h o m o g e n a t e  p ro t e in .  T h e  i n t e r a c t i o n  
b e t w e e n  t he  two  a b o v e  effects  bea r s  no  s t a t i s t i c a l  s ignif i-  
cance  e i t h e r  16 or 40 h a f t e r  surgery .  

T h e  p r e s e n t  resu l t s  are  in good a g r e e m e n t  w i t h  those  of 
c e r t a i n  o t h e r  i n v e s t i g a t i o n s  on  t h e  labeled  a m i n o  acid 
i n c o r p o r a t i o n  i n to  t he  t o t a l  p r o t e i n  a n d  t h e  p r o t e i n  of 
some subce l lu la r  s t r u c t u r e s  of t h e  r e g e n e r a t i n g  l iver7-~;  
t h e y  also e m p h a s i z e  ea r ly  a n d  m a r k e d  i so tope  u p t a k e  in to  
t h e  m i t o c h o n d r i a I  p r o t e i n  wh ich  m a y  be  t e n t a t i v e l y  in te r -  
p r e t e d  as i n d i c a t i n g  a n  ac t ive  s y n t h e s i s  of r e s p i r a t o r y  
enzymes .  

Riassunto. ~ s t a t e  d i m o s t r a t o  in  v ivo  t h e  i m ic rosomi  
e i m i t o c o n d r i  di  l ega to  r i g e n e r a n t e  i n c o r p o r a n o  a t t i v a -  
m e n t e  gli  a m i n o a c i d i  nel le  lore  p ro t e ine  gi~ 16 h d o p e  
l 'operaz ione ,  m e n t r e  ta le  e f fe t to  n o n  ~ a n c o r a  r i l evab i le  
n e l l ' o m o g e n a t o  to ta le .  
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