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T h e  o x i d a t i v e  ab i l i t y  of ascorbic  ac id  m a y  b e  i m p o r t a n t  
in  v ivo ;  for  example ,  in  r e g u l a t i n g  b io logica l ly  ac t ive  
p r o t e i n s  such  as a n t i b o d i e s  a n d  enzymes .  A d d i t i o n a l  
e x p e r i m e n t s  will  b e  clone in t h i s  field. 

Zusammenfassung. Ascorb insAure  o x y d i e r t  die Thio l -  
g r u p p e n  de r  P r o t e i n e  im P l a s m a  m e n s c h l i c h e n  B l u t e s  

schnel l .  Diese F i ih igke i t  de r  AscorbinsRure  m a g  fiir b io-  
logische S y s t e m e  gr6ssere B e d e u t u n g  b a b e  n. 

J.  MEACHAM 

Veterans Administration Hospital, Sepulveda 
(Cali/ornia 91343, USA), 8 September 1967. 

D i s t r i b u t i o n  of I n u l i n - c a r b o x y l - C  a4 in Hear t  and S k e l e t a l  M u s c l e  w i t h  R e s p e c t  to in v ivo  and in v i tro  
E x t r a c e l l u l a r  S p a c e  D e t e r m i n a t i o n s  

M e t h o d s  for  t h e  d e t e r m i n a t i o n  of ex t r ace l lu l a r  space  
a re  based  on  t h e  s ame  pr inciple ,  n a m e l y  t h e  u n i f o r m  
d i s t r i b u t i o n  of a n  i n d i c a t o r  t h r o u g h o u t  t h e  en t i r e  e x t r a -  
ce l lu lar  space  b y  t he  b lood  s t r e a m  in v ivo  a n d  f rom a n  
i n c u b a t i o n  f luid in  v i t r o  ~. I n u l i n  is wide ly  used as such  
a n  i n d i c a t o r  s ince i t  is n o t  m e t a b o l i z e d  a n d  does n o t  
p e n e t r a t e  cells as s h o w n  b y  a u t o r a d i o g r a p h y  ~ a n d  b y  a n  
osmot ic  g r a d i e n t  m e t h o d  3 I n  v ivo  e x p e r i m e n t s  are  gener-  
a l ly  done  w i t h  n e p h r e c t o m i z e d  a n i m a l s ;  equ i l i b r i um  be- 
t w e e n  t h e  s e r u m  a n d  t he  ex t r ace l lu l a r  space  is be l ieved to  
occur  w h e n  t he  s e r u m  i n d i c a t o r  c o n c e n t r a t i o n  a f t e r  i .v.  
i n j ec t ion  falls to  a c o n s t a n t  level.  A f t e r  t h e  ex t r ace l l u l a r  
space  va lues  o b t a i n e d  r e a c h  a p l a t eau ,  w h e n  p l o t t e d  
a g a i n s t  t ime ,  i t  is a s s u m e d  t h a t  a n  e q u i l i b r i u m  in  v i t r o  
b e t w e e n  i n c u b a t i o n  m e d i u m  a n d  ex t r ace l l u l a r  space  is 
ach ieved .  Th i s  l a t t e r  e q u i l i b r a t i o n  d e p e n d s  on  t h e  size 
a n d  t y p e  of t i ssue  as well  as  t h e  n a t u r e  of t h e  i n d i c a t o r  
m a t e r i a l  a n d  t h e  i n c u b a t i o n  t e m p e r a t u r e  4-~. 

However ,  i t  is n o t  k n o w n  w h e t h e r  or  n o t  these  a p p a r e n t  
equ i l ib r i a  i n d e e d  r e p r e s e n t  a t r u l y  un i f o r m  d i s t r i b u t i o n  
of t h e  i n d i c a t o r  m a t e r i a l  t h r o u g h o u t  t h e  ex t r ace l lu l a r  
c o m p a r t m e n t .  E x p e r i m e n t s  were  des igned  to  ve r i fy  these  
a s s u m p t i o n s  b y  m e a s u r i n g  t h e  d i s t r i b u t i o n  of inul in .  
Tissues  exposed  to  inu l in  in  v ivo  a n d  in  v i t ro  were sec- 
t ioned  i n to  p e r i p h e r a l  a n d  cen t r a l  p a r t s  a n d  t h e i r  concen-  
t r a t i o n  of r a d i o a c t i v i t y  was  c o m p a r e d  w i t h  each  o ther .  
W i t h  th i s  m e t h o d  a d i r ec t  e s t i m a t i o n  of t he  i n d i c a t o r  
d i s t r i b u t i o n  could  be  made .  

F e m a l e  go lden  h a m s t e r s  of t h e  L o n d o n  School  of 
H y g i e n e  s t r a i n  i n b r e d  a t  th i s  I n s t i t u t e  t h r o u g h  ove r  20 
genera t ions ,  we igh ing  b e t w e e n  100 a n d  150 g, were  used. 
F o r  t h e  in  v ivo  e x p e r i m e n t s  8 a n i m a l s  were  b i l a t e r a l l y  
n e p h r e c t o m i z e d  u n d e r  e t h e r  a n e s t h e s i a  a n d  in j ec t ed  in  
t h e  j u g u l a r  ve in  w i t h  0.2 m l  (0.68 #c) of 100 r a g %  so lu t ion  
of i nu l in -ca rboxy l -C  14 (New E n g l a n d  N uc l ea r  Corpora t ion ,  
Bos ton )  in  p h o s p h a t e  buf fe r  ( pH  7.4). T ime-cour se  s tud ie s  
d e m o n s t r a t e d  t h a t  t h e  s e r u m  inu l in  level  b e c a m e  c o n s t a n t  
w i t h i n  60 rain.  Af t e r  a n  a d d i t i o n a l  pe r iod  of 20 rain,  a 
p iece  of t h e  lef t  v e n t r i c l e  ( a p p r o x i m a t e l y  100 mg)  a n d  t h e  
soleus musc l e  were  excised.  T h e s e  t i ssues  were  w a s h e d  
free  of a n y  super f ic ia l  r a d i o a c t i v e  c o n t a m i n a t i o n  b y  6 
b r i e f  i m m e r s i o n s  in f resh  R i n g e r ' s  so lu t ion ,  t h e n  g e n t l y  
b l o t t e d  a n d  f rozen  o n  d r y  ice. T h e  f rozen  t i ssues  were  
sec t ioned  w i t h  a r azo r  b l a d e  a n d  d iv ided  i n t o  2 groups ,  a 
cube- l ike  cen t r a l  p a r t  (15-32  rag) a n d  a t o t a l  of 6 per i -  
p h e r a l  p a r t s  (one for e ach  face of t he  cube),  a n d  t he  
r a d i o a c t i v i t y  c o n t e n t  d e t e r m i n e d  s e p a r a t e l y  in  t h e  follow- 
ing w a y :  Af te r  we igh ing  in t a r e d  sc in t i l l a t ion  v ia ls  t he se  
t i s sue  pieces were  d iges ted  w i t h  0.5 ml  of a to luene-  
soluble  q u a r t e r n a r y  a m m o n i u m  base  (NCS, N uc l ea r  
Chicago Corpora t ion ,  Chicago) a t  50 °C for  20 h.  F i f t e e n  
ml  of sc in t i l l a t ion  f luid (4% Liqu i f luor  in  to luene ,  P i l o t  
Chemicals ,  W a t e r t o w n ,  Mass.) were  t h e n  a d d e d  to  each  

vial .  The  r a d i o a c t i v i t y  was  m e a s u r e d  in  a r e f r ige ra t ed  
sc in t i l l a t ion  c o u n t e r  (Nuc lear  Chicago, Model  720), a n d  
co r rec ted  for  b a c k g r o u n d  a n d  quench ing .  I n  v i t r o  s tud ies  
were  ca r r ied  o u t  on  pieces of lef t  ven t r i c l e  a n d  i n t a c t  
soleus musc les  (cut  a t  t h e  t e n d o n  a n d  lef t  a t t a c h e d  to  t h e  
bone) .  Groups  of 6 t i ssues  were i n c u b a t e d  for  1, 2, 3 or  5 h 
a t  25 °C in K r e b s - R i n g e r - p h o s p h a t e  buffer ,  p H  7.1, w h i c h  
c o n t a i n e d  25 r a g %  inu l in - ca rboxy l -C  1~ (85/~c in 100 ml), 
whi le  be ing  gassed  w i t h  a m i x t u r e  of 95% O~ a n d  5~/o 
CO 2. The  d i s t r i b u t i o n  of t h e  r a d i o a c t i v i t y  in  t h e  c e n t e r  
a n d  t h e  sur face  p a r t s  was  d e t e r m i n e d  as desc r ibed  above .  

T h e  in  v ivo  e x p e r i m e n t s  r evea led  a n e a r l y  u n i f o r m  
d i s t r i b u t i o n  of l abe l  in  t h e  soleus a n d  m y o e a r d i u m .  I n s i d e  
sec t ions  of m y o c a r d i u m  c o n t a i n e d  a n  ave rage  of 3 %  less, 
t h o s e  of t h e  solcus musc le  a n  a v e r a g e  of  6 %  m o r e  rad io-  
a c t i v i t y  t h a n  t h e  s u r r o u n d i n g  t issue.  However ,  i n  t h e  in  
v i t r o  e x p e r i m e n t s  no  such  u n i f o r m i t y  was  ev iden t .  T h e  
F i g u r e  c lear ly  d e m o n s t r a t e s  t h a t  t h e  c e n t r a l  p o r t i o n  of 
t h e s e  t i s sues  c o n t a i n e d  m a r k e d l y  less r ad ioac t i v i t y .  

S ince  t h e  p a t t e r n  of t h e  l abe l  d i s t r i b u t i o n  is t h e  s a m e  
in  t h e  u n d a m a g e d  soleus as in t he  m y o c a r d i a l  t i s sue  w h i c h  
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Distribution of inulin-carboxyl-C 14 in tissues incubated in Krebs- 
Ringer-phosphate buffer (pH 7.1) containing 25 nag% inulin aud 
gassed with a mixture of 95% O 2 and 5% CO~. Each bar represents 
the average value of 6 experiments with standard error. 
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h a d  c u t  surfaces,  d a m a g e d  cells c a n n o t  be  cons idered  as 
a cause  of th i s  p h e n o m e n o n .  N or  can  t he  f reezing a n d  
c u t t i n g  t e c h n i q u e s  be  a f ac to r  because  a u n i f o r m  dis- 
t r i b u t i o n  of l abe l  was  found  in t he  in v ivo  t i ssues  wh ich  
were  t r e a t e d  in a n  iden t ica l  m a n n e r .  F ina l ly ,  t h i s  d i f ference  
b e t w e e n  t h e  i nne r  a n d  ou t e r  po r t i ons  of t h e  i n c u b a t e d  
t i s sues  also c a n n o t  be  a n o r m a l  v a r i a t i o n  in  t h e  e x t r a -  
ce l lu lar  space,  s ince no  such  v a r i a t i o n  was  o b s e r v e d  in t h e  
in  v ivo  s tudies .  T h e  fa i lu re  of t h e  i n d i c a t o r  to  p e n e t r a t e  
to  t h e  c e n t e r  of t h e  t i ssues  in  v i t r o  m a y  be  a f u n c t i o n  of 
t ime,  for  i t s  r a d i o a c t i v i t y  a p p e a r s  to  c o n t i n u e  to  increase  
t h r o u g h o u t  t h e  5 h of i n c u b a t i o n  (see Figure) .  

I n v e s t i g a t o r s  h a v e  relied u p o n  t h e  t ime-cour se  p l a t e a u  
of e x t r a c e l l u l a r  space  va lues  in  v i t r o  as a c r i t e r ion  of  
equ i l ib r ium.  T h e  p r e s e n t  work,  t e s t i ng  t h e  i n d i c a t o r  dis- 
t r i b u t i o n ,  c lear ly  p o i n t s  o u t  t he  fa l lacy  of t h a t  a s s u m p t i o n  
a n d  the re fo re  cas ts  ser ious d o u b t s  u p o n  t he  va l i d i t y  of t he  
in  v i t r o  a p p r o a c h  to  ex t r ace l lu l a r  space  m e a s u r e m e n t s  8. 

Zusammen/assung. Gleichm~issige I n d i k a t o r v e r t e i l u n g  
im Gewebe  is t  A u s d r u c k  fiir K o n z e n t r a t i o n s a u s g l e i c h  
zwischen B l u t s t r o m  bzw.  I n k u b a t i o n s m e d i u m  u n d  E x t r a -  
ze l lu l~r raum.  E s  w u r d e  ein zen t r a l e r  Block aus  e inem 

Gewebss t i i ck  h e r a u s g e s c h n i t t e n  u n d  die K o n z e n t r a t i o n  
yon  Inu l i n - ca rboxy l -C  ~4 da r in  m i t  de r  im p e r i p h e r e n  ober-  
f i / ichl ichen Gewebe  vergl ichen.  I m  M y o k a r d  des l i nken  
Ven t r ike l s  u n d  im So leusmuske l  l a n d  s ich in  v i v o  eine 
g le ichm~ssige  Ver te i lung ,  in  v i t ro  h ingegen  n i c h t ;  s e lbs t  
bei  e iner  I n k u b a t i o n s d a u e r  yon  5 h in e inem als  o p t i m a l  
a n z u s e h e n d e n  Milieu. D a m i t  i s t  die Methode ,  w a h r e  
E x t r a z e l l u l ~ r r i i u m e  in v i t r o  zu messen,  f ragwi i rd ig .  H i n -  
gegen  h a t  s ich die E c h t h e i t  y o n  i n - v i v o - B e s t i m m u n g e n  
bes tAt igt .  

K. LOSSNITZER a n d  T. F. KELLEY 

Bio- Research Institute, Cambridge (2¢Iass. 02141, USA),  
18 September 1967. 
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Carbonic Anhydrase Activity of Erythrocyte G h o s t s  

T h e  p a p e r  b y  ENNS 1 on  t h e  f ac i l i t a t ion  of c a r b o n  di- 
oxide  t r a n s p o r t  across  m e m b r a n e s  b y  ca rbon ic  a n h y d r a s e  
(CA), is n o t e w o r t h y  in  v iew of ou r  r a t h e r  poor  u n d e r -  
s t a n d i n g  of t h e  m o d e  of ac t ion  of t h i s  e n z y m e  s y s t e m  in  
t h e  r e g u l a t i o n  of_ionic ba l ance  in  sp i te  of m a n y  s tud ie s  
on  t h e  appt ica t iof l  of CA i n h i b i t o r s  to  t h e  con t r o l  of 
t i ssue  e lec t ro ly te  levels  2. T h e  r e l a t ionsh ips  of t he  ca rbon ic  
a n h y d r a s e s  to  m e m b r a n e  t r a n s p o r t  n o t  on ly  of  c a r b o n  
d iox ide  a n d  b i c a r b o n a t e  b u t  also of s o d i u m  a n d  p o t a s s i u m  
and  o t h e r  t i s sue  c o m p o n e n t s  dese rve  f u r t h e r  ser ious con-  
s idera t ions .  

I n  his  repor t ,  however ,  El~rcs a t t r i b u t e d  a n  inc reased  
r a t e  of CO 2 t r a n s f e r  b y  e r y t h r o c y t e  ghos t s  to  t h e  ca rbon ic  
a n h y d r a s e  c o n t e n t  of these  s t ruc tu res .  P r ev ious  unava i l -  
ing ef for ts  to  localize CA in e r y t h r o c y t e s  p r o m p t e d  me  to  
m a k e  a f u r t h e r  a t t e m p t  to  f ind  t he se  e n z y m e s  in t he  cell 
m e m b r a n e s  or  ghosts .  

M e m b r a n e s  were  p r o d u c e d  f i rs t  f rom r a t  a n d  t h e n  f rom 
gu inea -p ig  a n d  h u m a n  e r y t h r o c y t e s  b o t h  b y  lys ing  w a s h e d  
cells in  a weak ly  buf fe red  aqueous  so lu t ion  c o n t a i n i n g  
cys t e ine  a n d  E D T A  a n d  s u b s e q u e n t l y  w a s h i n g  2 -4  t i m e s  
w i t h  th i s  so lu t ion  a n d  t h e n  w i t h  x/3 i so tonic  NaC1 s a n d  b y  
success ive ly  t r e a t i n g  o t h e r  b a t c h e s  of cells w i t h  dec reas ing  
c o n c e n t r a t i o n s  of a bu f f e red  i so tonic  so lu t ion  4 

As  i l l u s t r a t ed  b y  t h e  d a t a  of t h e  Tab le ,  suf f ic ien t  wash-  
ing  of t h e  m e m b r a n e s  in d i lu t e  NaC1 so lu t ion  to  r e m o v e  
h e m o g l o b i n  (Hb)  d e t e c t a b l e  a t  540 n m  in t h e  e x t r a c t s  as 

Comparison of removal of Ca and Hb from human erythroeyte 

Supernate from % original % original 
washing step No. Hb CA 

2 1.10 4.99 
4 0.23 0.13 
6 -~ < 0.03 

Light scattering > 540 absorption. 

c y a n o m e t h e m o g l o b i n  r e m o v e d  all  b u t  t r aces  of t h e  
a c t i v i t y  in  each  of t h e  e x p e r i m e n t s .  A l t h o u g h  t h e  a s s a y  
p r o c e d u r e  for  CA 5 was more  sens i t ive  t h a n  t h a t  for  Hb ,  
r e q u i r i n g  s o m e t i m e s  1 or  2 a d d i t i o n a l  washes  to  r e m o v e  
t h e  res idua l  CA ac t iv i ty ,  I conc lude  t h a t  t h e  CA's  are  no  
more  a p a r t  of e r y t h r o c y t e  m e m b r a n e s  t h a n  t h e  Hb .  

W h e t h e r  ca rbon i c  a n h y d r a s e  a c t i v i t y  r e m a i n e d  a t t a c h e d  
to  t he  ghos t s  e m p l o y e d  b y  ENNS or  w h e t h e r  a n o t h e r  com-  
p o n e n t  of h is  p r e p a r a t i o n s  a c c o u n t e d  for t h e i r  ab i l i t y  to  
speed CO~ t r a n s p o r t  r e m a i n s  a p o i n t  of cons ide rab le  
s igni f icance  6. 

Zusammen/assung. D u r c h  wiederho l tes  W a s c h e n  m i t  
h y p o t o n e n  L 6 s u n g e n  ge l ing t  es, m i t  d e m  Hi imoglob in  
a u c h  die C a r b o a n h y d r a s e  vo l l s t~nd ig  aus  E r y t h r o c y t e n -  
s t r o m a t a  zu en t f e rnen .  

D. V. TAPPAN 

Submarine Medical Center, Groton 
(Connecticut 06340, USA),  28 August 1967. 
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