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The  R N A  e lu t ion  d i a g r a m s  are  p r e s e n t e d  in F igu re  a -d .  
The  p rev ious ly  c h a r a c t e r i z e d  R N A  f rac t ions  are  labe l led  
as I (16s), TI (23s) 5 a n d  I I I  (uns tab le ,  p r e s u m a b l y  mes-  
senger  RNA4).  A n  a d d i t i o n a l  h i g h l y  32t) labe l led  R N A  
f rac t ion  IV, w h i c h  e lu tes  l a t e r  t h a n  al l  o t h e r  RNAs ,  is 
c lear ly  recognizab le  in  F igu re  b ( ' c o n c e n t r a t e d '  cell cul- 
ture)  a n d  d ( ' l a te '  t u m o r  cells), p r e s e n t  in  sma l l  a m o u n t s  
in  c ( ' ea r ly '  t u m o r  cells) a n d  a b s e n t  in  a ( ' d i lu t ed '  cell cul- 
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Elution diagrams of RNA obtained from: a, 'diluted' cell suspension; 
b, 'concentrated' cell suspension; c, Ehrlich ascites tumor cells 
'early'; d, Ehrlich ascites tumor cells 'late'. 0.8, 2.7, 2.7 and ~ mg of 
RNA were loaded onto the column in the experiments 'a', 'b', 'c' and 
'd' respectively. For further details see text.. . . ,  ultraviolet absor- 
bancy at 260 miz. --- - radioactivity, cpm-counts per min (please note 
that the radioactivity scale differs with every picture). The Roman 
numbers correspond to the following fractions on the diagram: I: 
16 s, ribosomal RNA; II: 23 s, ribosomal RNA; III:  unstable, pre- 
sumably messenger RNA; IV: highly polymerized RNA described 
in the text (for additional information on fractions I - I I I  seea-~). 

tu re) .  Since t h e  app l i ed  c h r o m a t o g r a p h i c  m e t h o d  sepa-  
r a t e s  the  nucle ic  acids acco rd ing  to  t h e i r  c h a i n  l eng th ,  t h e  
R N A  f r ac t ion  I V  is cons idered  to  be  of h i g h e r  mo lecu l a r  
weight .  T h e  reg ion  of i t s  a p p e a r a n c e  in t h e  e lu t ion  dia-  
g r a m  is c o m p a r a b l e  w i t h  t h e  one  of polio v i rus  R N A  s. 

T h e  R N A  f rom f r ac t i on  I V  is also more  s t a b l e  t h a n  the  
one  f rom f r ac t i on  I I I .  T h e  l a t t e r  is c o m p l e t e l y  b r o k e n  
whereas  t he  fo rmer  r e m a i n s  i n t a c t  to  70% w h e n  i n c u b a t e d  
a t  23°C for 60 mid  4. 

The  syn thes i s  of t h i s  I~NA e lu t i ng  l a s t  was  obse rved  
also in  o t h e r  a n i m a l  cells u n d e r  u n f a v o u r a b l e  g r o w t h  con-  
di t ions ,  e.g. in  h u m a n  a m n i o n  cells d u r i n g  i n c u b a t i o n  in  
buf fe red  saline,  i n c o m p l e t e  m e d i u m  a n d  in  h i g h l y  concen-  
t r a t e d  cell suspens ion .  I n  t u m o r - b e a r i n g  mice,  t h i s  h i g h l y  
po lymer ized  R N A  was no t  on ly  recognizab le  in  neop las t i c  
cells b u t  also inc reased  s t ead i l y  in  t h e  l iver  u n t i l  d e a t h .  

On t h e  o t h e r  h a n d ,  no  syn thes i s  of t h i s  R N A  was  de-  
t e c t a b l e  b y  ou r  m e t h o d s  in  cells u n d e r  o p t i m a l  g r o w t h  
condi t ions .  I n v e s t i g a t i o n s  are  u n d e r  w a y  to  o b t a i n  infor -  
m a t i o n  on  t h e  biological  role of t h i s  R N A L  

Zusammen/assung. Es  wi rd  de r  E in f luss  v o n  Stoff-  
w e c h s e l b e d i n g u n g e n  auf  die R N S - S y n t h e s e  in  i n t a k t e n  
Zellen in rive u n d  in vitro mi t t e l s  32P-Markierung u n d  
c ider  s~ tu l ench roma tog raph i schen  F r a k t i o n i e r u n g  de r  iso- 
l i e r t en  R N S  u n t e r s u c h t .  
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A c c u r a t e  D e t e r m i n a t i o n  o f  T o t a l  C O  s i n  t h e  B r a i n  

All p rev ious  m e a s u r e m e n t s  of t i ssue  c a r b o n  d ioxide  con-  
t e n t s  h a v e  b e e n  p e r f o r m e d  on excised t issues,  in  w h i c h  
post mortem changes  m i g h t  ser ious ly  h a v e  in f luenced  t he  
t r ue  in rive levels  of t he  lab i le  c a r b o n  d ioxide  c o m p o u n d s .  
I n  o rde r  to  avo id  such  changes ,  a m e t h o d  was  deve loped  
wh ich  allows t he  d e t e r m i n a t i o n  of t h e  t o t a l  c a r b o n  dioxide  
c o n t e n t  of t issues,  f rozen in situ. T he  resu l t s  w i t h  th i s  
m e t h o d  i nd i ca t e  t h a t  t h e  m a j o r i t y  of t h e  va lues  r e p o r t e d  
earl ier  are  too  h i g h  and ,  fu r the r ,  t h a t  p a r t  of t h e  differ-  
ence is due  to  post mortem changes .  

Methods. The  e x p e r i m e n t s  were  p e r f o r m e d  on r a t s  of 
the  S p r a g u e - D a w l e y  s t r a i n  w h i c h  were a n a e s t h e t i z e d  
w i t h  N e m b u t a l  (40-50 m g / k g  b o d y  weight) ,  t r a c h e o t o -  
mized  a n d  al lowed to  b r e a t h e  spon t aneous ly .  T h e  c a r b o n  
dioxide  t ens ion  of t he  b lood  was m e a s u r e d  on  samples  
d r a w n  f rom a c a n n u l a  in  t h e  f emora l  a r t e r y  us ing  t h e  
m i c r o m e t h o d  of SIGGAARD ANDERSEN et  al. 1. I m m e d i -  
a t e ly  a f t e r  t he  analysis ,  t h e  b r a i n  was  f rozen  in situ b y  
p lung ing  t he  whole  a n i m a l  i n to  l iquid  n i t rogen .  W h e n  
post mortem changes  were to  be  i nves t iga t ed ,  t h e  b lood  
s ampl ing  preceded  d e c a p i t a t i o n  of t he  a n i m a l  a n d  r a p i d  
excis ion of t he  tissue, wh ich  was t h e n  p laced  in t h e  l iqu id  
n i t rogen .  I n  some expe r imen t s ,  t he  pe r iod  b e t w e e n  t h e  de-  
c a p i t a t i o n  a n d  t he  freezing of t he  t i ssue  was d e l i b e r a t e l y  

p ro longed  so as to  give de lays  of u p  to  10 min .  I n  t he  
g roup  of an ima l s  a n a l y s e d  a f t e r  quick-f reez ing,  t he  b r a i n s  
were  s e p a r a t e d  f rom the  carcasses  in  t he  f rozen s ta te ,  
us ing  chisel  a n d  h a m m e r .  I n  al l  cases t he  s u p r a t e n t o r i a l  
p a r t s  of t h e  b r a i n  were used for  t h e  ana lyses .  

The  s u b s e q u e n t  h a n d l i n g  of t h e  b r a i n  s amples  occur red  
in a P e r s p e x  box,  m a n i p u l a t i o n s  of t h e  samples  be ing  
car r ied  o u t  w i t h  n e o p r e n e  gloves.  The  box  was  con t inu -  
ous ly  pe r fused  w i t h  n i t r ogen  gas w h i c h  h a d  p rev ious ly  
been  passed  t h r o u g h  devices  for  a b s o r b i n g  c a r b o n  dioxide  
a n d  w a t e r  v a p o u r .  T h e  b r a i n  s amples  were  t r a n s f e r r e d  to  a 
s ta in less  s teel  m o r t a r  and ,  whi le  st i l l  in  l iqu id  n i t rogen ,  
g r o u n d  to  a f ine powder .  A l iquo t s  of t he  p o w d e r  were  
a d d e d  to specia l  d i f fus ion  c h a m b e r s  m o u n t e d  on  P y r e x  
lids w h i c h  h a d  been  b lown a n d  g r o u n d  to  f i t  c o m m e r c i a l  
Conway  2-A u n i t s  (Ga l l enkamp,  London)2 .  The  c h a m b e r s  
c o n t a i n e d  a 5% t r i ch lo race t i c  acid so lu t ion ,  w h i c h  could  
be  s t i r r ed  continuously. T h e  a m o u n t  of t i s sue  a d d e d  to  
t h e  c h a m b e r s  was weighed  b y  di f ference to  t h e  n e a r e s t  
t e n t h  of a mg. 2 h were a l lowed for  diffusion,  t h e  evo lved  
c a r b o n  d ioxide  be ing  c a p t u r e d  in 0 . 2 N  Ba(OH)2,  w h i c h  

I O. SIGGAARD ANDERSEN, K. ENGEL, K. JdRGENSEN, and P. 
ASTRUP, Scand. J. eliu. lab. Invest. 12, 17B (1960). 
U. PONT~N and 13. K. SIEsJO, to be published (1963). 
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was t h e n  t i t r a t e d  w i t h  O.02N HC1 in a s t r e a m  of c a r b o n  
dioxide-f ree  n i t r o g e n  gas. E v e r y  t h i r d  u n i t  was r u n  as a 
b l a n k .  

Results. I t  was  found  t h a t  all  f rozen t i ssue  m a t e r i a l  re- 
qu i r ed  m a n i p u l a t i o n  in  t h e  P e r s p e x  box .  Thus ,  if b r a i n  
t i s sue  was f r a g m e n t e d  in l iquid  n i t r o g e n  a n d  t r an s f e r r ed  
to  t he  d i f fus ion  c h a m b e r s  whi le  ou t s ide  t he  box ,  i r regula r  
a n d  h i g h  va lues  were o b t a i n e d .  M a n i p u l a t i o n  in t h e  box  
w i t h  a b s o r p t i o n  of on ly  c a r b o n  d ioxide  d id  n o t  p r o v e  suf- 
f ic ient  s ince c o n d e n s a t i o n  of w a t e r  v a p o u r  o n t o  t h e  f rozen 
t i ssue  samples  also caused  i r r egu l a r  va lues .  

Two  to  f ive d e t e r m i n a t i o n s  of t h e  t o t a l  c a r b o n  d ioxide  
c o n t e n t  were  m a d e  o n  each  b ra in .  S t a t i s t i c a l  ca l cu la t ion  
o n  571 d e t e r m i n a t i o n s  in  161 groups ,  a s s u m i n g  t h a t  all  
m e a s u r e m e n t s  be longed  to  t h e  s ame  p o p u l a t i o n ,  gave  a 
coeff ic ient  of v a r i a t i o n  of" 0 .6%.  

I n  o rde r  to  c o m p a r e  va lues  o b t a i n e d  a f t e r  f reezing t he  
b r a i n  in situ w i t h  t hose  o b t a i n e d  a f t e r  d e c a p i t a t i o n  a n d  
excis ion  of t h e  t issue,  o n l y  t hose  e x p e r i m e n t s  were  chosen  
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Fig. 1. Relation between arterial carbon dioxide tension and total 
carbon dioxide content in rat brain tissue. Nembutal anaesthesia and 
spontaneous respiration .The animals were decapitated and the tissue 
excised and placed in liquid nitrogen. Time between decapitation and 
immersion of tissue in liquid nitrogen either less (unfilled circles) or 

more than (filled circles) 2.5 min. 

in  wh ich  the  a r t e r i a l  c a r b o n  d iox ide  t ens ion  was be tween  
35 a n d  45 m m  Hg. T w e n t y - f o u r  such  e x p e r i m e n t s  were 
p e r f o r m e d  w i t h  d e c a p i t a t i o n  of t h e  a n i m a l s  a n d  f reezing 
of t h e  t i ssue  alter excis ion (F igure  1). 

I n  F igure  2 are  p l o t t e d  t h e  c o r r e s p o n d i n g  va lues  ob-  
t a i n e d  for  t h e  c a r b o n  d iox ide  c o n t e n t  of t h e  t i ssue  a f t e r  
f reezing t h e  b r a i n  in situ b y  i m m e r s i o n  of t he  whole  
a n i m a l  in  l iqu id  n i t rogen .  I t  c an  be seen t h a t  t he  va lues  
sp read  m u c h  less t h a n  in t he  g roup  of b r a i n s  f rozen  post 
mortem. Af te r  qu ick- f reez ing  t h e r e  is a lso a m u c h  b e t t e r  
co r re l a t ion  b e t w e e n  t h e  a r t e r i a l  c a r b o n  d iox ide  t ens ion  
and  t he  t i ssue  c a r b o n  d iox ide  c o n t e n t  z. T h e  m e a n  v a l u e  
for t he  t i ssue  c a r b o n  d iox ide  c o n t e n t  in  t h e  g roup  w i t h  
a r t e r i a l  c a r b o n  d iox ide  t ens ions  b e t w e e n  35 a n d  45 m m  H g  
was 13,31 ~zMoles/g of we t  weight .  I n  n o  case  d id  a n y  
va lue  m e a s u r e d  in t he  p r e s e n t  series a f t e r  in situ f reez ing  
exceed 14.0 ~Moles/g. 

Discussion. T h e  p r e s e n t  e x p e r i m e n t s  show t h a t  r ep ro -  
ducible  and  c o n s i s t e n t  va lues  for  t h e  t o t a l  c a r b o n  d iox ide  
c o n t e n t  of b r a i n  t i ssue  c a n  o n l y  b e  o b t a i n e d  if t h e  t i s sue  
is f rozen in situ and ,  fu r the r ,  t h a t  t h e  f rozen t i s sue  
samples  m u s t  be  t r e a t e d  w i t h  specia l  p r e c a u t i o n s  so as t o  
exclude  t he  d i s t u r b i n g  inf luence  of t h e  c a r b o n  d iox ide  a n d  
t he  w a t e r  v a p o u r  of a m b i e n t  air .  

The values  r epo r t ed  p r e v i o u s l y  for  t h e  t o t a l  c a r b o n  di-  
oxide c o n t e n t  of r a t  b r a i n  t i s sues  a re  12.73, 14.1 a n d  
15.14, 16.3 a n d  16.9 s a n d  15.1 ° ~tMoles/g of t issue.  All  
va lues  e x c e p t  one are h i g h e r  t h a n  t hose  r e p o r t e d  here .  I t  
is obv ious  t h a t  the  d i f ference  is p a r t l y  due  to  post mortem 
changes  (see Resul ts) .  

I f  i t  c a n  be a s sumed  t h a t  t h e  t r ue  e x t r a c e l l u l a r  space  of 
t he  b r a i n  is a r o u n d  4 %  ' ,  t h e  b lood  c o n t e n t  a f t e r  f reez ing  
in situ a b o u t  3°/0 s a n d  t h e  a m o u n t  of c e r eb ro - sp ina l  f lu id  
a b o u t  9% 9, the  t o t a l  c a r b o n  d iox ide  c o n t e n t  of  t h e  cell 
phase  reduces  to  a p p r o x i m a t e l y  11.1 ~tMoles/g. T h e n ,  a t  a 
t issue ca rbon  dioxide  t en s ion  of 45 m m  Hg, t h e  a m o u n t  of 
c a r b o n  dioxide dissolved is 1.3 ~tMoles]g lo a n d  t h e  a v e r a g e  
b i c a r b o n a t e  c o n c e n t r a t i o n  t h u s  a r o u n d  9.8 ~zMoles/g n-aS. 

Zusammen[assung. Methode  zur  B e s t i m m u n g  des Ge-  
samtkoh lensAuregeha l t s  im  G e h i r n g e w e b e  m i t  e i n e m  Var i -  
a t ionskoeff iz ien ten  y o n  0 .6%.  Ve r suche  m i t  d ieser  Me- 
t hode  zeigen, dass  die A n a l y s e n w e r t e  o h n e  E i n f r i e r u n g  
des Gehi rns  in silu zu h o c h  l iegen u n d  s ch l ech t  r ep ro -  
duz ie rba r  sind. 
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T~o2 ~M/g 

13 d, 

35 

Pco z mm Hg 

Fig. 2. Relation between arterial carbon dioxide tension and total 
carbon dioxide content in rat brain tissue after freezing the tissue in 
situ with liquid nitrogen. Nembutal anaesthesia and spontaneous 
respiration. Note the large difference in scatter of the values obtained 

after decapitation (see Figure I) and freezing in situ respectively. 
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