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F a i l u r e  to  D e m o n s t r a t e  the  P r e s e n c e  of a S o d i u m  T r a n s p o r t  I n h i b i t i n g  F a c t o r  in  the  S e r u m  of 

U r e m i c  P a t i e n t s  

Despi te  sugges t ive  ev idence  of t he  presence  of a nor-  
ma l ly  occur r ing  n a t r i u r e t i c  h o r m o n e  l, t h e  i so la t ion  and  
pos i t ive  iden t i f i ca t ion  of such  a h o r m o n e  r em a i ns  to  be  
accompl ished.  Argu ing  t h a t  t he  c o n c e n t r a t i o n  of th i s  
factor ,  if p resen t ,  would  be  expec ted  to be  h ighes t  where  
apprec iab le  sod ium loads are excre ted  b y  m i n i m a l  r ena l  
t u b u l a r  mass,  ]~OURGOIGNIE eL al. ~ sought ,  and  c la im to 
h a v e  found,  a sod ium t r a n s p o r t - i n h i b i t i n g  effect  in  t he  
sera of u remic  sub jec t s  on m i n i m a l l y  r e s t r i c t ed  d i e t a ry  
sod ium in take .  W e  h a v e  been  u n a b l e  to  conf i rm the i r  
results .  

Method. Sera  were o b t a i n e d  f rom 7 hosp i ta l i zed  adu l t s  
and  4 con t ro l  sub jec t s ;  t he  l a t t e r  were n o r m a l  a d u l t  male  
l a b o r a t o r y  workers ,  all  on  u n r e s t r i c t e d  sod ium i n t a k e  
a n d  in a p p a r e n t l y  good hea l th .  Of t he  7 pa t i en t s ,  5 h a d  
chronic  r ena l  insuf f ic iency  of several  years '  s t a n d i n g ;  
t h e i r  b lood  ureas  r a n g e d  b e t w e e n  235 a n d  280 rag/100 ml  
and  t h e i r  c rea t in ine  c learances  be t w een  1 and  13.5 ml /min .  
4 of these  p a t i e n t s  were Oil i n f r e q u e n t  pe r i t onea l  dialysis,  
whi le  t he  5 th  received m a i n t e n a n c e  m a c h i n e  dialysis  
th r i ce  weekly.  The  6 th  p a t i e n t  h a d  acu te  t u b u l a r  necrosis,  
of u n k n o w n  cause;  h is  b lood u rea  was 228 mg/100  ml. 
The  diagnosis  of t he  7 th  pa t i en t ,  whose  b lood u rea  was 
160 rag/100 ml,  was n o t  es tab l i shed .  None  of t he  p a t i e n t s  
was  on res t r i c ted  sod ium in take .  I n  those  p a t i e n t s  on  
m a i n t e n a n c e  dialysis,  all  b lood samples  were t a k e n  
before  dialysis.  
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Fig. 1. Typical UV-absorption pattern (280 nm) of eluants of control 
(solid line) and uremic (dashed line) sera. The arrow indicates the 
additional deflection seen in tile uremic sera. The volumes of eluant 
comprizing the fractions A and B are indicated below. 
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Fig. 2. Distribution of osmolality, p1.i and NH4+ concentrations in 
eluant fractions A and B in both control and uremic sera. 

All b lood samples  were processed as descr ibed  b y  
t3OuRGOIGNIE et al. 2. The  sera were f r a c t i o n a t e d  b y  
Sephadex-Ge l  f i l t ra t ion .  The  U V - a b s o r p t i o n  p a t t e r n s  of 
successive f rac t ions  exh ib i t ed  3 peaks ,  (Figure 1) label led 
here  1, 2 a n d  3. The  samples  be tween  t he  apex  of p e a k  2 
and  t he  r e t u r n  of the  t r ace  to t he  base l ine  were pooled 
and  label led  f r ac t ion  A;  those  b e y o n d  th i s  po in t ,  up  to, 
b u t  no t  including,  p e a k  3, were pooled and  label led  
f r ac t ion  B;  th i s  f r ac t ion  cor responds  to  t h a t  said b y  
BOIJRGOIGNIE et  al. to  c o n t a i n  a sod ium t r a n s p o r t -  
i n h i b i t i n g  factor .  Osmolal i ty ,  p H  and  N H  4 +concen t r a t i ons  
were m e a s u r e d  in all  f rac t ions  3. 

The  effects of t he  A and  B f rac t ions  on ac t ive  sod ium 
t r a n s p o r t  were t h e n  assayed  us ing  t he  i so la ted  a b d o m i n a l  
skin  of t he  S o u t h  Afr ican  clawed toad  (Xenopus laevis) 
and,  in  some ins tances ,  t he  isola ted a n d  per fused  p r o x i m a l  
convo lu t ed  t u b u l e  of t he  r a b b i t  k idney4,  ~. I n  the  fo rmer  
t he  shor t -c i rcu i t  cu r ren t ,  and  in the  l a t t e r  t he  r a t e  of 
f luid r eabso rp t ion ,  was  equa t ed  w i t h  the  degree of ac t ive  
sod imn  t r a n s p o r t .  The  f rac t ions  were added  to t he  f luid 
b a t h i n g  t he  i nne r  surface of the  t o a d  skin, or to  t he  
p e r i t u b u l a r  fluid. The  f inal  c o n c e n t r a t i o n  of t he  A f rac t ion  
was 1/40 to 1/20, while t h a t  of f rac t ion  B was iden t ica l  to  
t h a t  p e r t a i n i n g  in the  or iginal  serum. 4 t ubu le s  were 
exposed to  t he  A f rac t ions  o b t a i n e d  f rom the  sera of 
2 u remic  p a t i e n t s  w i t h  chronic  r ena l  insufficiency,  and  
1 t u b u l e  to  t h a t  f rom a n o r m a l  con t ro l  subject .  

Results. The  U V - a b s o r p t i o n  p a t t e r n s  of our  u remic  
sub jec t s  differed f rom those  ot t he  controls ,  a n d  f rom 
those  descr ibed  b y  BOURGOIGNIE et  al.~, in  t h a t  all  
d i sp layed  a n  add i t i ona l  def lec t ion i m m e d i a t e l y  a f te r  t he  
second p e a k  (Figure 1). The  he igh t  and  e x t e n t  of th i s  
add i t i ona l  def lec t ion bore  no obvious  r e l a t ionsh ip  to the  
b lood u rea  c o n c e n t r a t i o n  in the  i nd iv idua l  pa t i en t s .  

The  osmolal i ty ,  p H  and  NH4+ c o n c e n t r a t i o n s  of the  A 
and  B f rac t ions  were ve ry  dif ferent ,  a l t h o u g h  no obvious  
differences  were observed  be tween  con t ro l  and  uremic  
sub jec t s  in  e i the r  f r ac t ion  (Figure 2). The  m e a n  osmolar  
and  NH4 + c o n t e n t s  of t he  B f rac t ions  were negl ig ib ly  low, 
b u t  t he  p H  was h igher  t h a n  t h a t  of the  A fract ion.  

Two of the  4 f rac t ions  ob t a ined  f rom the  controls ,  and  
all 7 der ived  f rom the  u remic  se ts ,  p roduced  a fall  in 
shor t -c i rcu i t  cu r r en t  (mean  16.9%, SD 14.6~0). On ly  one 
of t he  13 f rac t ions  (from a p a t i e n t  w i t h  chronic  r ena l  
insuff iciency)  s imi la r ly  lowered t he  shor t -c i rcu i t  c u r r e n t  
(by 20%) ;  th i s  sample ,  however ,  also h a d  a v e r y  h igh  
NH~+ c o n c e n t r a t i o n  (18 m M  l-i) .  

E a c h  of t h e  5 t ubu le s  exposed to a n  A f rac t ion  showed an  
a p p a r e n t  increase  in fIuid r e a b s o r p t i o n  ra te ,  as j udged  b y  
a fall  in t h e  vo lume  of f luid emerg ing  f rom the  d i s ta l  end  
of t he  t u b u l e  a t  a c o n s t a n t  per fus ion  ra t e  (mean  26.7% ; 
SD 7.1%). 

Discussion. Only one of t he  B fract ions ,  f rom our  
7 u remic  subjects ,  p roduced  a fall  in shor t - c i r cu i t  cur ren t ,  
a n d  th i s  p a r t i c u l a r  sample  h a d  all excep t iona l ly  h igh  
NH4+ concen t r a t i on .  W e  are t h u s  u n a b l e  to  conf i rm the  
sugges t ion  of t he  presence  of a sod ium t r a n s p o r t - i n h i b i t i n g  
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s u b s t a n c e  in  t he  sera of u remic  p a t i e n t s  2. P e r h a p s  the  
p roposed  s u b s t a n c e  was p r e s en t  in  our  A f ract ions .  As 
these  were r ich  in sal ts  a n d  of low p H  (Figure  2), we 
d i lu ted  t h e m  cons ide rab ly  before  a d d i n g  t h e m  to t h e  
solut ions  b a t h i n g  t he  t o a d  skins  a n d  tubu le s  ; we hoped  to  
min imize  t he  ' sa l t  effects '  while  r e t a i n i n g  ev idence  of 
i nh ib i t i on  of sod ium t r a n s p o r t ,  as m i g h t  occur  were t h e  
i nh ib i t o r  in i t i a l ly  p r e s e n t  in  h igh  concen t r a t ion .  The  
d i lu ted  A f rac t ion  d id  i nh i b i t  sod ium t r a n s p o r t  in  2 of t he  
4 controls ,  a n d  in all of t h e  6 u remics  tes ted ,  b u t  t h e  
degree of i nh ib i t i on  was c o m m e n s u r a t e  w i t h  t h a t  expec ted  
s imply  on  t h e  basis  of chang ing  t he  osmolal i ty ,  NH4+ 
c o n c e n t r a t i o n  and  decreased  p H  of t he  b a t h i n g  solut ion,  
all  of wh ich  fac tors  are k n o w n  s t rong ly  to  i nh i b i t  ac t ive  
sod ium t r a n s p o r t  6-s. 

I t  m i g h t  be  expec ted  t h a t  m a m m a l i a n ,  a n d  pa r t i cu l a r l y  
renal ,  t i s sue  would  be  more  sens i t ive  to  t he  presence  of the  
p o s t u l a t e d  i n h i b i t o r  t h a n  a m p h i b i a n  tissue. F a r  f rom th i s  
be ing  t he  case, t h e  ex t r ac t s  p roduced  increased  r a t h e r  
t h a n  decreased,  f luid r e a b s o r p t i o n  across t h e  p r o x i m a l  
t u b u l a r  wall. W e  bel ieve t h i s  ref lects  t h e  presence  of 
induced  t i ssue  damage ,  w i t h  r e s u l t a n t  increased  pass ive  
pe rmeab i l i t y ,  r a t h e r  t h a n  an  increase  in ac t ive  sod ium 
t r a n s p o r t .  W e  h a v e  t h u s  been  u n a b l e  to  d e m o n s t r a t e  t he  
presence  of a fac to r  in t he  sera  of u remic  p a t i e n t s  capab le  

of i n h i b i t i n g  sod ium t r a n s p o r t  in  e i the r  t o a d  skin or 
i so la ted  and  per fused  p r o x i m a l  t ubu le s  of t he  r a b b i t  
k idney.  

Zusammen/assung.  Die W i r k u n g  ve r sch iedener  Serum-  
f r a k t i o n e n  y o n  U r g m i k e r n  wurde  m i t  Sephadex-Gel -  
f i l t r a t ion  auf  den  N a t r i u m t r a n s p o r t  a n  der  K r 6 t e n h a u t  
a m  isol ier ten  p r o x i m a l e n  T u b u l u s  yon  K a n i n c h e n  un te r -  
sucht .  E ine  H e m m u n g  des N a t r i u m t r a n s p o r t e s  k o n n t e  
n i ch t  fes tges te l l t  werden.  
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Is T h e r e  a S ing le  Cell  Code for B a c k g r o u n d  Light  

W h e n  record ing  f rom single cells in t he  v i sua l  p a t h -  
ways,  one occas ional ly  e n c o u n t e r s  uni ts ,  p a r t i cu l a r l y  in  
t he  midbra in ,  wh ich  give no  response  to  localized l igh t  
changes  ~, ye t  t h e i r  level  of m a i n t a i n e d  d i scharge  s does 
change  over  t he  l o n g t e r m  in  a cons i s t en t  w ay  w i t h  t he  
l u m i n a n c e  of t h e  e n v i r o n m e n t .  Could these  un i t s  be  
p a r t  of a s y s t e m  wh ich  m o n i t o r s  and  conveys  l u m i n a n c e  
i n f o r m a t i o n  to  ' ana lyse r '  s i tes p e r h a p s  r e l a t ed  to such 
ac t iv i t ies  as pup i l  con t ro l  a n d  a d a p t a t i o n  s t a t e  reference ? 

The  fol lowing obse rva t ions  s u p p o r t  t he  presence  of such  
a coding  sys tem,  a n d  show in t he  m i d b r a i n  how  l u m i n a n c e  
changes  in t he  v isua l  s u r r o u n d  can  be  d e m o n s t r a t e d  as a 
f unc t i on  of m a i n t a i n e d  a c t i v i t y  a t  t he  single cell level. 
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Two midbrain cells with no spatially demonstrable receptive fields, 
but whose rates of maintained activity altered with changes of 
background luminance: A) a cell which increased its discharge rate 
in darkness; B) a cell which decreased its discharge rate in darkness. 
Dark (0.03 cd/m 2) period responses are shown as filled circles; light 
(8 cd/m ~) period responses are shown as open circles. 

Levels  ? 

The  examples  c i ted  are  f rom a m o n g s t  a c u m u l a t i v e  
sample  of nea r ly  300 neu rons  w i t h i n  t he  r a b b i t  mesence-  
p h a l o n  now s tudied.  The  an ima l s  were p r e p a r e d  u n d e r  
l igh t  u r e t h a n e  anes thes i a  (3.3 to  6.0 ml /kg  b o d y  we igh t  
of a 20% so lu t ion  in saline,  a dosage level  found  f rom 
earl ier  work  to  be  no more  d e t r i m e n t a l  to  cell respons ive-  
ness t h a n  ' enc6pha le  isolC techniques) .  Th i s  was  sup-  
p l e m e n t e d  w i t h  3.3 m g / k g  b o d y  w t . / h  of ga l l amine  
t r i e th iod ide  to  p r e v e n t  eye a n d  b o d y  m o v e m e n t s ,  t h e  
a n i m a l  be ing  ar t i f ic ia l ly  respi red  du r ing  t h a t  period.  

The  an ima l s  were s u p p o r t e d  s te reotaxica l ly ,  t h e  
s t i m u l a t e d  eye in each  case be ing  re f rac ted  a n d  f i t t ed  w i t h  
a c o n t a c t  lens to  p r o t e c t  t he  co rnea  f rom d r y i n g  and  to 
b r ing  t h e  r e t i n a  in to  con jugacy  w i t h  t he  57 cm t e s t i ng  
plane.  Sta in less  s teel  microe lec t rodes  (average  res is tance,  
40 megohms)  were i n t r o d u c e d  in to  t h e  super ior  coll iculus 
t h r o u g h  an  aga r  sealed skul l  aper tu re .  Reco rd ing  si tes 
were l a t e r  ver i f ied  w i t h  t he  P r u s s i a n  b lue  reac t ion .  

E a c h  cell was  t e s t ed  for t he  presence  of a spa t i a l ly  
def ined recep t ive  field. The  p a r t i c u l a r  ceils of in t e res t  
here,  however ,  were those  h a v i n g  no  d e m o n s t r a b l e  
recep t ive  field to  t r a n s i e n t  s t imul i ,  b u t  whose  m a i n t a i n e d  
b a c k g r o u n d  a c t i v i t y  would  change  w i t h  t i m e  c o n s t a n t s  
of seconds or even  m i n u t e s  to  d i f fe ren t ia l  levels of back -  
g round  luminance .  

The  F igure  shows t he  t e m p o r a l  h is tor ies  of 2 such  
m i d b r a i n  cells, g iv ing no response  to  spa t i a l ly  l imi ted  
s t imul i ,  b u t  m a r k e d  response  to  changes  of b a c k g r o u n d  
luminance .  I n  g r a p h  A), t h e  m a i n t a i n e d  ac t i v i t y  levels of a 
s t r a t u m  o p t i c u m  cell in  t h e  s u p e r i o r  coll iculus were 
i n t e g r a t e d  over  a l t e r n a t e  10 sec periods,  f i rs t  in  a b r i g h t  
e n v i r o n m e n t  (8 cd/m2), t h e n  in a v e r y  d im e n v i r o n m e n t  
(0.03 cd/m2), a n d  t h e n  in t he  b r i g h t  e n v i r o n m e n t  once 
again.  A cons iderab le  increase  in d a r k  per iod  a c t i v i t y  c an  

1 G. HORN and R. M. HILL, ]. exp. Neurol. 14, 199 (1966). 
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New York 1973), vol. 7/s, part A, p. 575. 


