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check poss ib ly  pure  a d s o r p t i v e  r eac t ions  of Al(OH)a 'nHzO,  
which  v e r y  m u c h  resembles  Cr(OH)a-nHzO in i ts  cha rac -  
ter is t ics .  No s t i m u l a t i o n  could be de tec ted .  The  14C- 
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14C-amino acid incorporation in rat liver nuclei ill presence of 
different transition metals. The incubation mixture was composed of: 
24 mM Hepes buffer, pH 7.0 (to avoid chelating with metal ions); 
10 mM MgC12; 0.1 ~tC 14C-amino acids; 225 mM sucrose; nuclei 
(3.0 nlg protein/nil) and different concentrations of Cr 3+, Fe a+, Mn 2+ 
and Hg 2+ added as the chloride compounds. 

a m i n o  acid i nco rpo ra t i on  r a t e  was  r a t h e r  d i m i n i s h e d  
fol lowing t h e  a d d i t i o n  of A13+-ions. F u r t h e r ,  t h e  c o u n t i n g  
eff ic iency did  n o t  change  w h e n  a c h r o m i u m - H y a m i n e  
complex  was added  to a k n o w n  a m o u n t  of ~C. 

Of course, th i s  b iochemica l  r e a c t i v i t y  of c h r o m i u m  ions 
is r a t h e r  un l ike ly  u n d e r  physio logica l  condi t ions .  On t he  
o t h e r  hand ,  i t  h a s  been  p o s t u l a t e d  t h a t  Cr 3+ should  be  
r ega rded  as a b iochemica l ly  ac t ive  a n d  essent ia l  m e t a l  
ion lL Final ly ,  t he  d i f fe ren t  chemica l  r e a c t i v i t y  of H g  ++ 
and  o t h e r  t r a n s i t i o n  m e t a l  ions should  be  e m p h a s i z e d  
again.  H g  ++, wh ich  is s t rong ly  coo rd ina t ed  to su lphur ,  
causes  a s t rong  i n h i b i t i o n  of t he  nuc lea r  p ro t e in  bio- 
synthes is ,  while  those  t r a n s i t i o n  me ta l s  wh ich  are  pre- 
f e rab ly  b o u n d  to  oxygen,  s t i m u l a t e  t he  ~4C-amino acid 
incorpora t ion .  W h e t h e r  or no t  th i s  co r re l a t ion  will be  of 
r e l evance  ha s  to  be  e luc ida ted .  

Zusammenfassung. An e n z y m a t i s c h  a k t i v e n  Leberzel l -  
k e r n e n  aus  R a t t e n  wurde  die Reakt iv i t~ i t  von  Hg  2+, 
Mn 2+, Fe 3+ und  Cr a+ auf  die nuk l ea r e  P r o t e i n b i o s y n t h e s e  
geprt i f t .  Hg2+-Ionen h e m m e n  den  14C-Aminos/iure- 
E i n b a u  volls t / indig,  w/~hrend Mn 2+ und  Fe  3+ eine schwache  
S t i m u l i e r u n g  ve ru r sachen .  Die 14C-Einbaurate  is t  n a c h  
Cra+-Zus/i tzen s t a r k  e rh6ht .  Es  k o n n t e  gezeigt  werden,  
dass  die Cr3+-St imul ie rung n i c h t  d u r c h  A d s o r p t i o n  zu 
e rk l~ren  ist. 
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Reparation at Increased Oxygen Supply 1 

The  increase  of the  oxygen  c o n c e n t r a t i o n  in the  b r e a t h -  
ing gas of t he  r a t  to  a b o u t  50% v / v  enhances  t he  tens i le  
s t r e n g t h  of t he  hea l ing  skin  w o u n d  b y  40% 2. An aug-  
mer i ted  syn thes i s  of col lagen in v i t ro  ha s  been  repor ted  
also as t h e  effect  of t he  increased  oxygen  in the  gas 
phase  a. This  effect  could no t  depend  en t i re ly  on t he  re- 
q u i r e m e n t  of oxygen  for t h e  h y d r o x y l a t i o n  of pro l ine  in 
protocol lagen,  because  the  /t" m is on ly  a b o u t  2.6% v / v  4. 
The  p r e s e n t  e x p e r i m e n t s  show t h a t  t he  increased  oxygen  
supp ly  affects  also c o m p o n e n t s  o the r  t h a n  col lagen in t he  
r egene ra t i ng  tissue. 

For  t he  expe r imen t s  w i th  3H-prol ine (Figure,  a and  b), 
4 viscose cel lulose-sponges (1 • 1 • 2 cm) were i m p l a n t e d  
s.c. in  t he  backs  of ma le  W i s t a r  r a t s  (weight  200 • 30 g). 
The  an ima l s  were closed in to  boxes  where  t h e y  b r e a t h e d  
e i the r  a i r  or 40% v / v  oxygen.  Af te r  10 days  t he  r a t s  were 
decap i t a t ed ,  samples  pooled f rom 4 sliced g r a n u l o m a s  and  
i n c u b a t e d  in 20 ml  of K r e b s - R i n g e r  p h o s p h a t e  m e d i u m  
wi th  22.4 m M  glucose. T he  gas phase  was e i the r  a i r  or 
40% v / v  oxygen.  Af te r  a p r e i n c u b a t i o n  per iod  of 30 ra in  
80 ~Ci of aH-prol ine  (The R a d i o c h e m i c a l  Centre,  Amers-  
ham,  E n g l a n d )  were added  and  t he  i n c u b a t i o n  c o n t i n u e d  
for 4 h. The  t i ssue  was w a s h e d  twice  w i t h  ice-cold w a t e r  
a f te r  s e p a r a t i n g  i t  f rom t h e  m e d i u m  b y  c e n t r i f u g a t i o n  a t  
0 ~ a n d  30,000 g for 10 min.  T he  m a t e r i a l  was  homoge-  
nized in water ,  h y d r o l y z e d  a n d  t h e  t o t a l  a c t i v i t y  and  rad io-  
a c t i v i t y  of h y d r o x y p r o l i n e  were d e t e r m i n e d  ~,6 us ing  
P a c k a r d  Tr i -Carb  3320 l iquid  sc in t i l l a t ion  s p e c t r o m e t e r  
(Packa rd  I n s t r u m e n t  C o m p a n y  Inc. ,  Downer s  Grove,  

Il l inois,  USA).  W h e n  aH-prol ine  was used as a label,  on ly  
3 - 1 0 %  of the  i n c o r p o r a t e d  aH was recovered  in ZH- 
hyd roxypro l ine .  Because  pro l ine  and  h y d r o x y p r o l i n e  
occur  in  col lagen in a p p r o x i m a t e l y  equa l  a m o u n t s ,  t h e  
r a d i o a c t i v i t y  of col lagen was accep ted  to  be  twice  t h a t  of 
hyd roxypro l ine .  The  r a d i o a c t i v i t y  of non-co l lagenous  
p ro t e in  was o b t a i n e d  b y  s u b t r a c t i n g  t he  3H-ac t iv i ty  of 
col lagen f rom the  t o t a l  3H-ac t iv i ty .  

The  e x p e r i m e n t s  w i t h  3H-cyt id ine  (Figure,  c) were 
p e r f o r m e d  ana logous ly  excep t  t h a t  30 ~tCi of t h e  p recurso r  
was  added.  The  i n c u b a t i o n  was s t opped  b y  t he  add i t i on  of 
cold perchlor ic  acid so lu t ion  to t he  f ina l  c o n c e n t r a t i o n  of 
0 .5N.  T h e  isola t ion  of R N A  was  based  on  hydro lys i s  in 
0 . 3 N  p o t a s s i u m  h y d r o x i d e  a t  + 37 ~ for 20 h a n d  subse-  
q u e n t  n e u t r a l i z a t i o n  a t  0 ~ w i t h  perchlor ic  acid wh ich  
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Oxygen Supply % Incorporation 
in viva in vilm o~ 1OQ~ ZOOqo ~00'/o 

a) SH-Proline air air 
into COllagen air 40% 

40~ sir 
40'/0 4-0'/o 

b) sH-l'roline into air air 
non-.coflagenoua air 4-oo/o 
protein 40~ air 

4-0% 40% 

o) !H-Cyti0ine air air 
lot0 total RNA air' 40 % 

4o% air 
4O 4O% 

d) !H-l~ymioine air - 
Into DNA 40 % - 

e) !z.P-e0osp0ate air 
InIO extranucloar 40% 
fipi~ 

~oO~ 

EXPERIENTIA 26/3 

Incorporation of labelled precursors into the 
components of experimental granulation- 
tissue grown in rats which were kept at 
various oxygen tensions. The slices from 
the granulomas were then incubated with the 
gas phases indicated (a-c). The results which 
had been obtained supplying air during both 
the periods are taken as 100%. The given 
averages and ranges are based on 3 inde- 
pendent experiments. 

was  aga in  added  in excess to  t he  f ina l  c o n c e n t r a t i o n  of 
0.5 N. The  s u p e r n a t a n t  was  used for t he  ana lys i s  of RNA-  
nucleot ides .  

The  e x p e r i m e n t s  w i t h  2 H - t h y m i d i n e  and  a2p-phospha te  
(Figure,  d a n d  e) were car r ied  ou t  en t i r e ly  in v iva .  3H- 
t h y m i d i n e  (100 [xCi in 1.0 ml  of 0 .9% NaC1 solut ion)  was 
in jec ted  i.p. to  sponge -bea r ing  r a t s  on  t he  8 th  and  9 th  
p o s t - i m p l a n t a t i o n  days  a n d  t he  s ponge - i m p l an t s  were 
r e m o v e d  on  t he  10th  day.  Fo r  t he  ana lys i s  of D N A  the  
g r a n u l o m a s  were f i rs t  t r e a t e d  as for t he  d e t e r m i n a t i o n  of 
RNA,  b u t  D N A  in t h e  perchlor ic  ac id -p rec ip i t a t e  was  
h y d r o l y z e d  b y  h e a t i n g  in 0 . 5 N  perchlor ic  acid a t  + 70 ~ 
for  30 min.  The  D N A - d e r i v e d  nuc leo t ides  r e m a i n e d  in t h e  
s u p e r n a t a n t  o b t a i n e d  b y  cen t r i f uga t i on  a t  20,000 g for 
30 min.  

Fo r  t he  i n c o r p o r a t i o n  of ~2P-phosphate  in to  l ipids  
1 mCi  was in jec ted  i.p. The  sponge-pieces  were r e m o v e d  
a f t e r  1-19 h i nco rpo ra t i on  on  t he  10 th  p o s t - i m p l a n t a t i o n  
day.  I n  F igure  e, t he  i n t e rva l  is 255 min.  2 g r a n u l o m a s  were  
t a k e n  f rom t h e  same  side of t he  ra t ,  homogen ized  a t  0 ~ 
a n d  20,000 r p m  (Omni-Mixer  | t y p e  OM, I v a n  Sorval l  
Inc. ,  Norwalk ,  Connect icu t ,  USA)  for 2 m i n  in 24 ml  of 
c h l o r o f o r m - m e t h a n o l  (1 : 1, v /v) .  To r e m o v e  t he  nuclei,  t h e  
h o m o g e n a t e  was cen t r i fuged  a t  + 4 ~ a n d  600 g for 15 
rain.  The  s e d i m e n t  was  e x t r a c t e d  f u r t h e r  w i t h  2 • 4 ml  of 
ch lo ro fo rm-me thano l .  The  s u p e r n a t a n t s  were c o m b i n e d  
a n d  a n  a l i quo t  was  t a k e n  for t he  f inal  i so la t ion  of t he  
l ipids 7. The  l i p id -bound  p h o s p h o r u s  was ana lyzed  8, 9 a n d  
t h e  22P-counts were cor rec ted  for decay.  

The  syn thes i s  of col lagen is i nd i ca t ed  b y  t he  incorpora-  
t i on  of a l l -p ra l ine  to  h y d r o x y p r o l i n e  of g r a n u l o m a  slices. 
The  a d m i n i s t r a t i o n  of 40% 03 in v iva  or in  v i t ro  d u r i n g  
t h e  i n c u b a t i o n  has  a p p r o x i m a t e l y  a d d i t i v e  effects 
(Figure,  a). The  effect  on  t he  syn thes i s  of non-co l lagenous  
p r o t e i n  is m u c h  smaller ,  p r e s u m a b l y  ins ign i f i can t  
(Figure,  b).  

The  effect  of oxygen  is m o s t  conspicuous  in t he  in- 
co r po ra t i on  of label led  cy t i d ine  to  R N A .  T h e  a d m i n i s t r a -  
t i on  of oxygen  in v iva  d u r i n g  t he  g r o w t h  of t he  g ranu-  

l a m a  is d e t e r m i n a t i v e  (Figure,  c). On  t he  con t ra ry ,  t he re  
is no  effect  on  t h e  syn thes i s  of D N A  (Figure,  d). 

Because  t he  f ind ing  on t he  i n c o r p o r a t i o n  of cy t id ine  to  
]RNA sugges ted  t h a t  the  subce l lu la r  s y s t e m  for t he  
syn thes i s  of col lagen would be  a t a r g e t  of t he  ac t ion  of 
oxygen,  t he  t o t a l  i nco rpo ra t ion  of 82P-phosphate  in to  t he  
l ipid f r ac t ion  was also t e s t ed  and  found  increased  (Figure, 
e), b u t  t he  specific ac t iv i t ies  of 22p were no t  affected.  

To conclude,  t he  increased  supp ly  of oxygen  increases  
in  t h e  e x p e r i m e n t a l  g r a n u l o m a  t he  syn thes i s  of RNA,  of 
e x t r a - n u c l e a r  phospho l ip ids  and  of collagen. The  bene-  
ficial  effect  on  w o u n d  hea l ing  depends  b o t h  on  the  en- 
h a n c e d  f o r m a t i o n  of t he  subce l lu la r  c o m p o n e n t s  and  on 
t h e  s t i m u l a t i o n  of the  col lagen syn thes i s  per  se. 

Zusammen/assung. R a t t e n ,  die in  40% Sauers toff-  
a t m o s p h e r e  geha l t en  wurden ,  w u r d e n  exper imente l l e  
G r a n u l o m e  m i t  Viskose-Zellulose S c h w / i m m e n  s.c. in- 
duzier t .  Die I n k o r p o r a t i o n  v a n  m a r k i e r t e m  Cyt id in  s t ieg 
u m  200% u n d  die Syn these  der  Phospho l ip ide  u m  80%. 
Die  E i n w i r k u n g  der  E rhOhung  des Sauers to f fgeha l tes  auf  
die K o l l a g e n s y n t h e s e  sowohl  in  v i v a  als in  v i t ro  war  
a d d i t i v  u n d  b e t r u g  m a x i m a l  170%. W e d e r  die Syn these  
der  n i c h t k o l l a g e n e n  P ro t e ine  noch  die jenige de r  Desoxy-  
r ibonuk le ins / iu ren  war  wesen t l i ch  ver / inder t .  
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