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pec t ed  to  occur.  In  Iact ,  t he  ave rage  c i rcula t ion  t ime be-  
t w e e n  capil laries in the  h a n d  and  fo rea rm and  the  veins  
in t h e  an tecuh i t a l  fossa is p robab ly  welt below 15 sec. 
The  half-l ife of b r adyk in in  in t he  c i rcula t ion has  been  cal- 
cu la ted  to be some 30 sect0;  so m o s t  of t he  k in in  which  is 
fo rmed in the  capil lar ies  should  stil l  be  found  in t h e  
venous  blood. I f  k inin should  be  fo rmed  in t he  ex t ra -  
vascu la r  space,  where  the  p l a sma  s u b s t r a t e  comes  in 
con tac t  wi th  t h e  cells, as sugges ted  b y  LEwis  n ,  t h e  
a m o u n t  wh ich  reaches  t he  larger  venous  t r unks  would  be 
smaller.  

Kin ins  a p p e a r  to  have  a role in vasod i l a t a t ion  occurr ing  
wi th in  the  pancreas  and  the  sa l ivary  g land 2,~,e, b u t  even  
in those  cases where  t h e  ev idence  seems s t ronges t ,  the re  
are some doubts .  For  ins tance ,  SCHACHTlgR 12 has  shown 
t h a t  in t he  guinea-pig,  sa l ivary  kal l ikrein will n o t  form 
kinins  w i th  i ts  own plasma,  

The above  resul ts  show t h a t  kinins  are found  in the  
c i rcula t ing b lood of n o rma l  individuals .  The  levels are 
low, 1 U/100 ml of blood (0,1 meg  b rady ldn in ) ,  and  near  
the  l imit  of sens i t iv i ty  of the  m e t h o d  employed,  bu t  h igh  
enough  to  h a v e  physiological  impl icat ions .  Since the  
kinin c o n t e n t  of t he  ar te r ia l  b lood is comparab le  to  the  
venous,  p l a sma  kinins  appea r  to  be fo rmed  wi th in  the  
c i rcula t ing blood 1~. 

Rdsumd. Le con tenu  en ,k in ines~ du sang  ve ineux  ou 
art6riel  h u m a i n  ~quivaut  £ 0.1 mcg de b r a d y k i n i n e  par  
100 ml.  Le con tenu  des veines  du pti du coude  n ' a u g m e n t e  
pas p e n d a n t  la vasod i l a t a t i on  t h e r m i q u e  ni p e n d a n t  le 
t r ava i l  des  muscles  de l ' avan t -b ras .  
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DNA Synthesis  in Glial Cells during Nerve 
Regeneration 

In  a series of e x p e r i m e n t s  HYD~N e t  al. h a v e  demon-  
s t r a t e d  t h a t  t he  metabol ic  processes  in t he  nerve  cell and  
the  su r round ing  glial cells are i n t e r r e l a t e d h  Dur ing  nerve  
regenera t ion  the  to ta l  a m o u n t  of p ro te ins  and  r ibonucleic  
acid  per  ne rve  cell increases  2. Tracer  s tud ies  h a v e  shown  
an  increased incorpora t ion  of lysine 3,~ and  of e ro t ic  acid ~ 
pe r  nerve  cell in r egenera t ing  hypoglossa t  neurons .  The  
p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t  changes  also occur  in t he  
su r round ing  gtial cells dur ing  nerve  regenera t ion .  

The  glial cells su r round ing  t h e  neurons  belonging to  t h e  
hypoglossa l  nucleus  in r abb i t s  weighing 1.5-1.6 kg were  
s tud ied .  The  hypoglossM nerve  on  t h e  r igh t  side was  
c rushed  w i t h  cooled forceps,  where  i t  in te rsec t s  t h e  muscu- 
lus digastricus. Before  t h e  expe r imen ta l  p rocedure  was  
car r ied  out ,  a cannu la  was  imp la t ed  wi th  i ts  t ip  in t h e  
cisterna magna accord ing  to  a t echn ique  descr ibed  b y  
KOELLE and  KOENIG 6. Th rough  th is  cannu la  rad ioac t ive  
p recursors  were  in jec ted  in t rac is terna l ly .  The D N A  syn-  
thes is  in t he  glial cells dur ing  ne rve  regenera t ion  was  
s tud ied  w i t h  H3- thymid ine  b y  au to rad iog raphy .  E a c h  
r a b b i t  rece ived a t o t a l  of 200 #c Ha - thymid ine  (Schwarz  
lab., sp. act .  3.0 C/mM) d iv ided  in to  four  equal  doses 
24, 22, 20 and  18 h before sacrifice a t  9 p. m. Ca rney  f ixed 
sect ions  t h r o u g h  the  nucleus hypoglossus in the  medulla 
oblongata were e x t r a c t e d  wi th  0 . 2 N  perchlor ic  acid a t  
4 ° C for 5 min  and  then  tho rough ly  r insed in w a t e r  before 
coa t ing  wi th  t he  au to rad iograph ie  emuls ion (Ilford, K2) 
according  to  a s l ight ly  modi f ied  t echn ique  descr ibed  by  
KOPRI~VA and  LEBLOND 6. Some slides f rom each an imal  
were i ncuba t ed  wi th  deoxyr ibonuc lease  according  to  
EDSTR6M et  al.7 before coa t ing  wi th  t h e  emulsion.  Af ter  
exposure  for e leven  days  the  au to rad iog raphs  were  de- 
ve loped and  s t a ined  t h r o u g h  the  emuls ion  wi th  to luidine  

blue a t  4.0 and  moun ted .  The n u m b e r  of glial nuclei  wi th  
more  t h a n  four grains  over  the  nucleus  was ca lcula ted  in 
the  same region of nucleus hypoglossus a t  d i f fe ren t  post-  
opera t ive  in terva ls  (Table I). 

Results. During  the  second  to  the  s ix th  pos tope ra t ive  
d a y  the re  is an in tens ive  D N A  syn thes i s  in t he  glial cell 
popu la t ion  on the  regenera t ing  side c o m p a r e d  to  t he  un- 
ope ra t ed  side. On the  t h i r d  p o s t o p e r a t i v e  d a y  a round  10% 
of all glial cells in the  regenera t ing  nucleus  are  labelled.  In  
all an imals  one or tess t h a n  one label led glial nucleus  is 

Table I. The number of HZ-thymidine labelled glial nuclei per section 
on the regenerating and control side of nucleus hypoglossus. Rabbits 
were injected intracisternally four times: 24, 22, 20, and 18 h before 

sacrifice 

Days after operation 1 2 3 6 

Regenerating side 2.2 9.6 22.3 8.7 
Control side 1.0 0.6 0.1 0.1 
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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 
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