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occurs equa l ly  in c o m m o n  i n f l a m m a t o r y  processes, e.g. in 
pneumonia ,  where serum bacter ic idin  level  is high. Con- 
sidering the  fact  t h a t  f rom the  funct ional  aspect  leukins 
behave  in the  same w a y  as does serum bacter ic idin ,  one 
canno t  rule  ou t  the  possibi l i ty  t h a t  t h e y  m a y  represen t  
the  same substance.  Ne i the r  can  i t  be ru led  ou t  t h a t  t he  
bacter ic idin  level  m a y  be raised b y  the  haemoblas t ic  
process i tself  th rough  a h i ther to  unknown mechanism.  

Zusammen/assung. Die bakter iz ide  E igenschaf t  des 
Serums gegen g rampos i t ive  Tes tbak te r i en  B. anthra- 
coides wurde  an 136 H/~moblastosekranken untersucht .  

Bedeu tend  e rhShte  Bak te r i z id inmi t t e lwer t e  wurden  bei  
aku ten  Leuki~mien, chronischen myelo iden  Leuk/tmien,  M. 
Hodgkin ,  Re t i ku lo sa rkom und  L y m p h o s a r k o m ,  Mye lom 
und  Myelofibrose im Vergleich m i t  der  gesunden Kon-  
t ro l lgruppe  gefunden.  E inz ig  bei chronischen l y m p h a t i -  
schen Leuk~mien  war  der  Bak te r i z id inmi t t e lwer t  n ich t  
erhSht .  

J.  LIB.~NSKX ~ and Z. JE~KovK 

Institute o/Haematology and Blood Transfusion, Prague 
(Czechoslovakia), November 7 8, 1963. 

E f f e c t  o f  O u a b a i n  o n  t h e  A c t i v e  P o t a s s i u m  
A c c u m u l a t i o n  

SCI~ATZMANN ~ was the  first  to observe  in 1953 t h a t  
card iac  glycosides, even  in the  low concen t ra t ion  of 10-a-  
10-~ M,  inhibi t  the  ac t ive  ca t ion  t r anspor t  of e ry throcytes .  
A similar  effect  was found in o ther  tissues, such as nerve  2, 
muscle a, and ascites tu rnou t  cells 4 as well. A t  the  same 
t ime,  a n u m b e r  of au thors  s t a ted  t h a t  card iac  glycosides - 
while inh ib i t ing  the  ion t r anspor t  - do no t  in t he  least  in-  
f luence the  ca rbohydra t e  me tabo l i sm of the  cells ~,~. This  
f inding led to the conclusion t h a t  card iac  glycosides ac t  
d i rec t ly  on the  carr ier  located in the  cell membrane .  This  
is suppor ted  by  the  fact  t h a t  ouaba in  - the  most  effect ive  
of card iac  glycosides - is able to act  in a v e r y  low concen- 
t-ration. 10-~M ouaba in  exer t s  a 50% inhib i t ion  on the  
ac t ive  ion t ranspor t ,  which  seems to prove  t h a t  t he  
ouaba in  molecules  d i rec t ly  block the  ac t ive  sites of the  
cell m e m b r a n e  invo lved  in cat ion t ranspor t .  

We  t r ied  to app roach  this t r anspor t  inh ib i to ry  mech-  
anism by  expe r imen t s  carr ied ou t  on guinea-pig  bra in  
cor tex  slices and in h u m a n  ery throcytes .  

B y  our  m e t h o d  descr ibed in previous  papers  e,7, we in- 
cuba ted  guinea-pig  bra in  cor tex  slices, 100 mg  wet  weight  
per  vessel a t  37°C in air, by  shaking in 2 ml  of a s t andard  
m e d i u m  conta in ing  0 .136M NaC1, 0 .006M KC1 and 
0 .03M tr is  HC1 buffer  p H  7.4. The  incuba t ion  in the  yes- 
sets was s topped  a t  d i f fe rent  in te rva ls  b y  t r ea t ing  t h e  
slices wi th  t r ichloroacet ic  acid. The  slices were then  homo-  
genized, cent r i fuged and washed,  and the  po tass ium con- 
t en t  in the  slices de te rmined  f rom the  supe rna t an t  by  
f lame-photometer .  The  ana ly t ica l  d a t a  were corrected for 
the  swell ing of t he  slices. Our  resul ts  are  shown in F igure  1. 

I f  t he  bra in  cor tex  slices were incuba ted  in a s t anda rd  
med ium wi thou t  subst ra te ,  t h e y  lost 60% of thei r  K-  
con ten t  af ter  t he  first  5 min  of incubat ion,  and on fur ther  
incuba t ion  a cont inuous,  slow K-out f low was evidenced.  
When  af te r  5 rain 0,02t1¢ glucose and 0.01 M 1-glutamate 
were added  to  t he  sys tem,  then  an intense K-accumula -  
t ion took  the  place of K-outf low.  If, besides glucose and  
g lu tamate ,  5 .  10 -aM ouabain  were added to the  me- 
dium, the  ac t ive  K-accumula t ion  was comple te ly  pre- 
ven ted ;  and instead a fu r the r  s t rong K-ou t f low could be 
observed,  which  reduced the  K-con ten t  in the  slices to  
10-15% of the  or iginal  value.  

The  inhibi t ion of K-accumula t ion  in e ry th rocy tes  was 
inves t iga ted  wi th  ATP- r i ch  e ry th rocy te  ghosts  prepared  
by our  m e t h o d  s , H u m a n  red blood cells were par t ia l ly  
haemolyzed  in a 0.42 osmolar  med ium at  O°C, in this 
hypo ton ic  s ta te  t he  cells were enr iched wi th  A T P ,  then  
af ter  2 rain i so tonic i ty  was res tored by  9% NaC1. These 
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Fig. 1. Changes in the K content of brain cortex slices in the presence 
of ouabain at  37°C. 1 = Substrate-free control, 2 = 2.I0-~M glucose 
and 10-aM 1-glutamate, 3 = 2 . 1 0 - a M  glucose, 10-~M 1-glutamate 
and 5 .  10-6M ouabain. The substrates and ouabain were added at  

5 min. 
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Fig. 2. The effect of ouabain on the K accumulation of ATP-rich 
erythrocyte ghosts a t  37°C. l = C o n t r o l ,  ~ 10-aM ouabain. The 

ATP content of the ghosts was 3400 [zg/ml at 0 min. 
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ghos ts  c o n t a i n e d  3 -4  m g / m l  A T P ,  t h a t  is 4 -5  t i m e s  t h e  
n o r m a l  A T P  c o n t e n t  of t h e  e r y t h r o c y t e s .  T he  c a t i o n  pe r -  
m e a b i l i t y  of t he  ghos t s  was  t he  s a m e  as t h a t  of t he  n o r m a l  
e r y t h r o c y t e s  a n d  p r o v e d  to  be  v e r y  su i t ab l e  for  m o d e l  
e x p e r i m e n t s  of 3 -4  h a t  37°C. As i so ton ic i ty  was  r ega ined  
b y  h y p e r t o n i c  NaC1, t he  cells c o n t a i n e d  m a i n l y  N a  and ,  
in  the  presence  of A T P  as ene rgy  source,  were ab le  to  
p roduce  ac t ive  K - a c c u m u l a t i o n  to  a g r e a t  ex t en t .  

As s h o w n  in  F i g u r e  2, t h e  A T P - r i c h  con t r o l  cells accu-  
m u l a t e d  p o t a s s i u m  a t  a v e r y  h i g h  ra te ,  whi le  t he  ghos t s  
c o n t a i n i n g  1 0 - ~ M  o u a b a i n  in  a d d i t i o n  to  A T P  were prac-  
t ica l ly  u n a b l e  to  t r a n s p o r t  K to  t he  cells. 

The  n e x t  s t ep  was  to  s t u d y  if o u a b a i n  could be  r e m o v e d  
b y  w a s h i n g  f rom t h e  e r y t h r o c y t e  ghosts ,  a n d  if t h e  in-  
h i b i t o r y  ef fec t  o n  ion a c c u m u l a t i o n  could be  p r e v e n t e d .  
T h e  e x p e r i m e n t s  showed  o u a b a i n  to  be  so s t rong ly  b o u n d  
to  t he  cell m e m b r a n e  t h a t  i t  could  n o t  be  r e m o v e d  b y  
w a s h i n g ;  e v e n  w h e n  w a s h e d  4 - 5  t i m e s  w i t h  a 10-fold 
v o l u m e  of t h e  ghosts ,  a 50% i n h i b i t i o n  of ion  a c c u m u l a -  
t i on  sti l l  r ema ined .  The  i n h i b i t i o n  could  n o t  be  en t i r e ly  
suspended ,  a l t h o u g h  in t he  case of a s t e a d y  d i lu t ion  such  
i n t e n s i v e  w a s h i n g  shou ld  decrease  t h e  c o n c e n t r a t i o n  of 
o u a b a i n  to  10-~M,  a t  w h i c h  c o n c e n t r a t i o n  - a cco rd ing  to  
ou r  e x p e r i m e n t s  - o u a b a i n  h a s  no  effect  a t  all. 

Ou r  e x p e r i m e n t s  sugges t  t h a t  ouaba in ,  due  to  i ts  l ipo- 
phi l ic  cha rac t e r ,  is s t r ong ly  b o u n d  to  the  cell m e m b r a n e  
a n d  af fec ts  t h e  a c t i v e  cen t r e s  i n v o l v e d  in  K - a c c u m u l a t i o n .  
T h e  ques t i on  ar ises :  of w h a t  n a t u r e  is t h i s  ac t ive  cen t re ,  
loca ted  in t h e  m e m b r a n e  ? 

The  e r y t h r o c y t e  m e m b r a n e  inc ludes  severa l  enzymes ,  
such  as  A T P a s e  *, xe D P N a s e  xt, nuc leos ide  p h o s p h o r y l a s e  I* 
a n d  va r ious  p ro t e ina se s  ~.  A m o n g  these  enzymes ,  m e m -  
b r a n e - A T P a s e  c a n  be  a c t i v a t e d  b y  K a n d  N a  ~4,x~, t h u s  i t  
m i g h t  be  cons ide red  as p a r t  of t h e  ca r r i e r  m e c h a n i s m .  
Our  i nves t i ga t i ons  showed  ca rd iac  glycosides to  h a v e  a 
s t rong  i n h i b i t o r y  ac t ion  on  m e m b r a n e - A T P a s e .  These  
f ind ings  were  s u p p o r t e d  b y  a n u m b e r  of au tho r s ,  e.g. 
POST e t  al. ~4, DUNHA~ a n d  GLVNrO~, as well as W m T -  
TAM Xa Some o t h e r  a u t h o r s  found  a n  A T P a s e  - t h a t  could 
be  a c t i v a t e d  b y  m o n o v a l e n t  ca t ions  a n d  i n h i b i t e d  b y  car-  
d iac  glycosides - in  h e a r t  musc le  1~, in  b r a i n  mic rosomes  ~s, 

in  k i d n e y  x~, in  l iver  *°, in n e r v e  *x,22 a n d  in  a n u m b e r  of 
o t h e r  t issues.  T h u s  t h i s  ' t r a n s p o r t - A T P a s e ' ,  w h i c h  is, in 
all  p r o b a b i l i t y ,  a c o m p l e x  e n z y m e  s y s t e m  ~3-.5, seems to 
be  p a r t  of t h e  ca r r i e r  in  t h e  ac t ive  c a t i o n  t r a n s p o r t  in  
e v e r y  t issue.  

Zusammen/assung. 1 0 - L 1 0 - ° M  O u a b a i n  h e m m t  die 
a k t i v e  K - A k k u m u l a t i o n  in G e h i r n r i n d e n s c h n i t t e n  yon  
Mee r schwe inchen  u n d  i m  A T P - a n g e r e i c h e r t e n  E r y t h r o -  
c y t e n s t r o m a .  Die  Ver suche  weisen d a r a u f  h in ,  dass  
Ouaba in ,  infolge se iner  l ipoph i l en  S t r u k t u r ,  l e s t  a n  die 
Z e l l m e m b r a n  g e b u n d e n  i s t  u n d  den  in  der  M e m b r a n  be-  
f ind l i chen  Carr ie r  de r  ~ ,Transpor t -ATPase~  b lockier t .  

G. GkRDOS 

Institute of Medical Chemistry, University o/Budapest  
(Hungary), October 7 4, 1953. 
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The Oxidation o f  N - 2 - F l u o r e n a m i n e  and 
4-Aminobiphenyl  by Peracetic Acid x 

T h e  d e t e c t i o n  of 2 -n i t rosof luorene  a n d  4-n i t rosobi -  
p h e n y l  in  t he  b lood  of an i m a l s  dosed  w i t h  4 -aminob i -  
p h e n y l  a n d  in l ive r  m i c r o s o m a l  s y s t em s  i n c u b a t e d  w i t h  
N-2 - f luo renamine  h a s  r ecen t l y  been  r e p o r t e d  2,3. T h e  
n i t rosos  c o m p o u n d s  were  iden t i f i ed  ~,8 b y  c o m p a r i n g  t h e  
spec t r a  of e x t r a c t s  of t h e  b io logica l  s y s t e m s  w i t h  t h e  
spec t r a  of reference  c o m p o u n d s  p r e p a r e d  b y  t he  o x i d a t i o n  
of N-2 - f luo renamine  a n d  4 - a m i n o b i p h e n y l  w i t h  pe race t i c  
ac id  accord ing  to  HOLMI~S a n d  ]3AYER 4. Since t h e  i d e n t i t y  
of t h e  o x i d a t i o n  p roduc t s ,  p r e s u m e d  to  be  n i t ro so  com-  
pounds ,  was  n o t  e s t ab l i shed  ~,a, t h e  pe race t i c  acid ox ida-  
t i on  of 4 - a m i n o b i p h e n y l  a n d  of N-2 - f luo renamine  h a s  been  
r e i n v e s t i g a t e d  a n d  t he  o x i d a t i o n  p r o d u c t s  h a v e  been  ful ly  
cha rac t e r i zed .  Pe race t i c  ac id  o x i d a t i o n  4 of 4 a m i n o b i -  
p h e n y l  gave  4 , 4 ' - a z o b i s b i p h e n y l  (m.p. 255-257° ;  lit. 6 
249-250 °. Anal .  Calc. for C24HlsNz: C, 86.2; H,  5.42; 
N, 8.38. F o u n d :  C, 86.2; H,  5.56; ixl, 8.27; t95%Ethanol • "ln~x 
363, 242 mtz; e, 33400, 18700).  4 - N i t r ob i pheny l ,  m.p .  113-  
115 °, was  i so la ted  f rom t h e  m o t h e r  l iquor  a n d  iden t i f i ed  

b y  m i x e d  m e l t i n g - p o i n t  d e t e r m i n a t i o n s  a n d  t he  i n f r a r ed  
s p e c t r u m .  O x i d a t i o n  of N - 2 - f l u o r e n a m i n e  w i t h  pe race t i c  
acid 4 y ie lded  2 ,2 ' - azoxyb i s f luo rene  (m.p.  279-280° ;  l i t .  8 
279 °. Ana l .  Calc. for  CteHlsNsO:  C, 83.4; H,  4.84;  N, 7.48. 
F o u n d :  C, 83.7; H,  5.19; hi, 7.56. ~Ethanol 382, 248 m~t; e, "'max 
33600, 17200). 2-Ni t rof luorene ,  m.p .  157-159 °, was  ob-  
t a i n e d  f rom t h e  m o t h e r  l iquor .  A mixed  m e l t i n g  p o i n t  of 
t h e  m a t e r i a l  w i t h  a u t h e n t i c  2 -n i t ro f luorene  was  n o t  de-  
pressed.  

The  fa i lure  to  o b t a i n  t h e  n i t roso  d e r i v a t i v e s  i n d i c a t e d  
t h a t  pe race t i c  acid o x i d a t i o n  4 is n o t  a genera l  m e t h o d  for 
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