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INTRODUCTION

I n  r e c e n t  y e a r s ,  t h e  u s e  o f  q u a n t i t a t i v e  m ethods (2 4 , 22) i n  t h e  

s tu d y  o f  r e n a l  p h y s io lo g y  h a s  g r e a t l y  e n la r g e d  o u r  u n d e r s ta n d in g  o f  

t h e  m echanism  b y  -which m o le c u le s  s m a l le r  th a n  i n u l i n  ( a p p a r e n t  

m o le c u la r  -w e ig h t, 1 5 ,0 0 0 ( 3 ) )  a r e  e l im in a te d  fro m  t h e  k id n e y *  T hese 

m eth o d s have  n o t  a s  y e t  b e en  f u l l y  a p p l i e d  (7 )  t o  a  s tu d y  o f  th e  

r e n a l  e x c r e t i o n  o f  a  m o le c u le  a s  l a r g e  a s  t h a t  o f  h em o g lo b in  (m o lec ­

u l a r  w e ig h t ,  6 8 ,8 0 0 )*  The n eed  f o r  su ch  a  q u a n t i t a t i v e  s tu d y  i s  

i n d i c a t e d  b y  t h e  d is c r e p a n c y  w h ich  e x i s t s  b e tw een  t h e  m odern c o n c e p ts  

o f  r e n a l  f u n o t i o n ,  w h ic h  m a in ta in  a s  a  m a jo r  p re m ise  t h a t  t h e  

g lo m e ru la r  membrane i s  im perm eab le  t o  c o l l o i d a l  m o le c u le s ,  and  th e  

f a c t ,  w e l l  known c l i n i c a l l y  an d  e x p e r im e n ta l ly ,  t h a t  h e m o g lo b in u r ia  

o c c u r s  when f r e e  h em o g lo b in  i s  p r e s e n t  i n  th e  b lo o d  s tre am *

The d a ta  t o  b e  p r e s e n te d  a r e  c o n c e rn e d  w i th  a  s tu d y  o f  t h e  r e n a l  

e l im in a t io n  o f  h em o g lo b in  i n  t h e  d o g , and  w ere  o b ta in e d  by  com p arin g  

th e  e x c r e t io n  o f  h em o g lo b in  w i th  t h e  s im u lta n e o u s  e x c r e t io n  o f  

c r e a t i n i n e *  S in c e  i n  t h e  dog th e  r a t e  o f  e x c r e t i o n  o f  c r e a t i n i n e  

i s  known t o  be a  m easu re  o f  t h e  r a t e  o f  g lo m e ru la r  f i l t r a t i o n  ( 2 3 ) ,  

a  d e te r m in a t io n  o f  i t s  e x c r e t i o n  r a t e  may be u se d  a s  a  b a s i s  o f  

co m p ariso n  i n  o b t a in in g  in f o r m a t io n  c o n c e rn in g  th e  e x c r e t i o n  p a t t e r n  

o f  a  second  s u b s ta n c e •

I t  i s  g e n e r a l l y  conceded  i n  th e  l i t e r a t u r e  (1 2 ,  1 3 , 26) t h a t  

h em o g lo b in  e s c a p e s  i n t o  t h e  u r i n e  v i a  t h e  g lo m e ru lu s , a l th o u g h  th e  

m anner i n  w h ic h  i t  d o e s  so i s  by  no m eans c le a r *  Some a u th o r s  

a c c e p t  t h e  i d e a  o f  a  t r a n s i e n t  i n j u r y  t o  th e  g lo m e ru la r  membrane
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( 4 ,  1 )  b u t  many p h y s io lo g ic a l  and h i s t o l o g i c a l  s t u d i e s  g iv e  no  e v id e n c e  

o f  s u c h  i n j u r y  (5 )*  W hipp le  and  h i s  c o w o rk e rs  (1 4 )  have  im p lie d  t h a t  

a  dynam ic g lo m e ru la r  m echanism  i s  r e s p o n s ib le  f o r  t h e  r e n a l  th r e s h o ld  

o f  h em o g lo b in  n o te d  b y  them  and  o th e r s  w hose w ork t h e y  q u o te *  The 

p o s s i b i l i t y  o f  a  d i f f e r e n t  e x p la n a t io n  f o r  t h e  phenomenon may be  draw n 

from  t h e  w ork  o f  R ic h a rd s  and  W alker (2 0 )  who p o s tu l a t e d  t h e  e x i s t e n c e  

o f  o c c a s io n a l  i r r e g u l a r  d e f e c t s  i n  t h e  g lo m e ru la r  membrane l a r g e  enough 

t o  a l lo w  t h e  p a s s a g e  o f  w ho le  p lasm a*

A c o n t r o v e r s y  h a s  e x i s t e d  r e g a r d in g  th e  r o l e  o f  t h e  tu b u le s  i n  

t h e  e x c r e t i o n  o f  hem oglob in*  To many o b s e r v e r s  t h e  p re s e n c e  o f  hemo­

g lo b in  w i th in  t h e  c e l l s  o f  t h e  c o n v o lu te d  tu b u le s  h a s  i n d i c a t e d  a  

phenomenon o f  t u b u l a r  e x c r e t io n *  H ow ever, th e  a l t e r n a t i v e ,  t h a t  th e  

phenomenon i s  e n t i r e l y  one o f  t u b u l a r  r e c o v e r y ,  i s  s u b s t a n t i a t e d  by 

th e  r e c e n t  o b s e r v a t io n s  o f  L iso n  (1 5 ) who d e s c r ib e s  t h e  im p e rm e a b i l i ty  

o f  t h e  b a s a l  membrane o f  t h e  t u b u l a r  c e l l s  t o  an y  l a r g e  n e g a t i v e ly  

c h a rg e d  c o l lo id s *  The a c t u a l  m echanism  o f  r e c o v e ry  i s  s a id  by G erard  

(1 0 )  t o  be one o f  a t h r o c y t o s i s  i n  w h ich  t h e  a p i c a l  m em branes o f  t h e  

t u b u l a r  c e l l s  p ic k  up  e o l l o i d a l  p a r t i c l e s  from  th e  t u b u l a r  lu m in a  and 

s t o r e  them  i n  much th e  same m anner a s  t h e  r e t i c u l o e n d o t h e l i a l  c e l l s  

p h a g o c y to se  and  s t o r e  p a r t i c u l a t e  m a t t e r  e ls e w h e re  i n  th e  body*

METHODS

Fem ale m ongre l d o g s ,  t r a i n e d  t o  l i e  q u i e t l y  on a  b o a rd  w h ile  

b e in g  c a t h e t e r ! z e d ,  w ere  u sed  i n  e ach  e x p e rim en t*

A p p ro x im a te ly  10 p e r  c e n t  s o lu t io n s  o f  h em og lob in  w ere  p re p a re d  

from  th e  b lo o d  o f  c o lo n y  dogs t o  w h ich  w as added  1 cc* o f  s a tu r a t e d  

sodium  c i t r a t e  p e r  100 co* The re d  c e l l s  w ere  s e p a r a te d  from  th e  p lasm a



b y  c e n t r i f u g a t i o n  and  w ashed  tw ic e  w i th  i s o t o n i c  s a l i n e  s o lu t io n #  The 

p ack ed  re d  c e l l s  o b ta in e d  a f t e r  t h e  f i n a l  w a sh in g  w ere  su sp en d ed  i n  

h a l f  t h e i r  volum e o f  d i s t i l l e d  w a te r  and  th e n  la k e d  by  th e  a d d i t i o n  

o f  o n e - t h i r d  t h e i r  volum e o f  a n e s th e s i a  e th e r #  A f t e r  sh a k in g  t h e  m ix ­

t u r e  v ig o r o u s ly  s e v e r a l  t im e s  d u r in g  a  p e r io d  o f  15 m in u te s ,  th e  s u s ­

p e n s io n  w as c e n t r i f u g e d #  The c l e a r  b r i g h t  re d  s u p e r n a ta n t  s o l u t i o n  

so o b ta in e d  w as f i l t e r e d  th ro u g h  Whatman Ho# 50 f i l t e r  p a p e r  and  s to r e d  

o v e r n ig h t  a t  2° C . J u s t  b e f o r e  i n j e c t i o n ,  th e  s o l u t i o n  w as f i l t e r e d  

a g a in ,  and  i t s  h em o g lo b in  c o n c e n t r a t io n  d e te rm in e d #  The am ount o f  

s o l u t i o n  i n j e c t e d  depended  upon  th e  i n i t i a l  p la sm a  c o n c e n t r a t io n  d e s i r e d #  

I n j e c t i o n s  w e re  made i n t o  t h e  j u g u l a r  v e in  a t  a  r a t e  n o t  e x c e e d in g  

20 cc# p e r  m in u te #

An a d e q u a te  d i u r e s i s  was o b ta in e d  by g iv in g  th e  a n im a ls  300 t o  

500 cc#  o f  t a p  w a te r  th r o u g h  a  stom ach tu b e  on th e  e v e n in g  o f  t h e  d ay  

p r i o r  t o  t h e  e x p e r im e n t ,  and a t  i n t e r v a l s  o f  90 t o  120 m in u te s  b e f o r e  

and  d u r in g  t h e  e x p e r im e n t#  I n  o r d e r  t o  m a in ta in  an  a l k a l i n e  u r i n e  and  

th u s  t o  a v o id  t h e  fo rm a tio n  o f  hem og lob in  c a s t s  w h ich  le a d  t o  r e n a l  

o b s t r u c t i o n  i n  a c id  u r i n e ,  2 t o  6 gm# o f  sodium  b ic a r b o n a te  w ere  added 

t o  e a c h  d o se  o f  w a te r#

A 10 p e r  c e n t  aq u eo u s  s o lu t io n  o f  c r e a t i n i n e  was i n j e c t e d ,  i n  

p a r t  s u b c u ta n e o u s ly  and  i n  p a r t  i n t r a p e r i t o n e a l l y ,  i n  am ounts s u f f i ­

c i e n t  t o  p ro d u c e  an  i n i t i a l  p lasm a  c o n c e n t r a t io n  o f  10 t o  15 mg# p e r  

100 cc# o f  p lasm a#

One h o u r  a f t e r  t h e  i n j e c t i o n  o f  c r e a t i n i n e ,  th e  a n i m a l s  b la d d e r  

was w ashed o u t  w i th  warm i s o t o n i c  s a l i n e  s o lu t io n #  A t t h e  end o f  e a c h  

2 0 -m in u te  p e r io d  t h e r e a f t e r ,  u r in e  sam p les  w ere  c o l l e c t e d  th ro u g h  a  

c u rv e d  m e ta l  c a t h e t e r  i n t o  a  20 cc# s y r in g e #  A t e a c h  c o l l e c t i o n ,  t h e



4 .

volum e o f  u r i n e  w as n o te d  and  th e  b la d d e r  f lu s h e d  w i th  t h r e e  14 o c .  

p o r t i o n s  o f  warm i s o t o n i o  s a l i n e .  The u r i n e  and  s a l i n e  w ere  c o l l e c t e d  

i n  a  v o lu m e tr io  f l a s k  and  made up  t o  a  d e f i n i t e  volum e w ith  w a te r .

15 o c .  a l i q u o t s  o f  t h e  d i l u t e d  u r in e  w ere  c e n t r i f u g e d  i n  s to p p e re d  

tu b e s  t o  f r e e  t h e  sam p les  o f  a n y  re d  c e l l s  o r  m u cu s.

The h em o g lo b in  s o l u t i o n  w as i n j e c t e d  a t  t h e  end o f  t h e  seco n d  o r

t h i r d  p e r i o d .  The d a t a  o b ta in e d  d u r in g  th e  f i r s t  p e r io d s  w ere  u s e f u l  

i n  d e t e m i n i n g  w h e th e r  th e  i n j e c t i o n  o f  h em o g lo b in  had  p ro d u ced  a n y  

n o t i c e a b l e  change  i n  t h e  n o rm al e x c r e t i o n  o f  c r e a t i n i n e .  The f i r s t  

u r in e  p e r io d  c o n ta in in g  h em o g lo b in  w as begun  10  m in u te s  a f t e r  t h e  end 

o f  t h e  i n j e c t i o n .  I f  t h e  an im a l u r in a t e d  s p o n ta n e o u s ly  a t  a n y  tim e  

d u r in g  t h e  e x p e r im e n t ,  t h e  b la d d e r  w as im m e d ia te ly  f lu s h e d  w i th  s a l i n e ,  

euad a  new p e r io d  w as b e g u n . The e x p e r im e n ts  w ere  c o n tin u e d  u n t i l  g ro s s  

h e m o g lo b in u r ia  c o u ld  no lo n g e r  be  d e t e o t e d .

8 c c .  sam p les  o f  b lo o d  w ere  ta k e n  b e f o r e  t h e  f i r s t  p e r io d ,  a t  th e  

m id p o in t  o f  a l t e r n a t e  p e r i o d s ,  and  a f t e r  th e  l a s t  p e r i o d .  One sam ple 

w as ta k e n  j u s t  p r i o r  t o  th e  i n j e c t i o n  o f  hem o g lo b in  and  a n o th e r  5 

m in u te s  a f t e r  t h e  i n j e c t i o n .  The sam p les  w ere  added  t o  0 .1  o c .  o f

s a t u r a t e d  sodium  c i t r a t e  and  c e n t r i f u g e d .  A f t e r  n o t in g  th e  h e m a to c r i t ,

t h e  p la sm a  w as im m e d ia te ly  t r a n s f e r r e d  t o  a n o th e r  v e s s e l .  P r o t e i n - f r e e  

f i l t r a t e s  f o r  th e  d e te r m in a t io n  o f  t o t a l  chrom ogenic  m a te r i a l  i n  t h e  

a n a l y s i s  o f  c r e a t i n i n e  w e re  p re p a re d  by a d d in g  1 c c .  o f  p lasm a t o  

12 c c . o f  H a l a 's  r e a g e n t  ( 1 1 ) .  2 o c .  o f  p lasm a  w ere  added t o  12 cc*

o f  M ala*s r e a g e n t  f o r  t h e  d e te r m in a t io n  o f  t o t a l  n o n - c r e a t in in e  chrom o­

g e n ic  m a t e r i a l .  The p r o t e i n  p r e c i p i t a t e s  w ere s e p a ra te d  by c e n t r i f u g a ­

t i o n  and  a l i q u o t  p o r t i o n s  o f  t h e  s u p e r n a ta n t  f l u i d  w ere  u se d  f o r  

a n a l y s i s .  P lasm a  and  u r in e  c r e a t i n i n e  d e te r m in a t io n s  w ere  c a r r i e d
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o u t  a c c o r d in g  t o  t h e  m ethod  o f  Shannon , J o l l i f e ,  an d  S m ith  (2 3 )*

The h em o g lo b in  c o n c e n t r a t io n s  i n  b o th  p la sm a  and  u r in e  w ere  d e ­

te rm in e d  e o l o r i m e t r i c a l l y  a f t e r  c o n v e r t in g  t h e  h em o g lo b in  t o  o y a n - 

m eth em o g lo b in  a s  d i r e c t e d  b y  E v e ly n  an d  S a l t e r  (8 ) *

A l l  c o l o r i m e t r i c  m easu rem en ts  w ere  made on t h e  E v e ly n  p h o t o e l e c t r i c  

c o l o r i m e t e r .  C are  w as ta k e n  t o  i n s u r e  t h a t  a p p r o p r i a t e  b la n k s  w ere  

u se d  i n  e a c h  c o l o r i m e t r i c  d e te r m in a t io n *

C r e a t in in e  and  h em o g lo b in  p h o to c o lo r im e t r i c  c a l i b r a t i o n  c u rv e s  

r e l a t i n g  t h e  c o n c e n t r a t io n  o f  th e s e  s u b s ta n c e s  t o  g a lv a n o m e te r  d e f l e c ­

t i o n  w ere  c o n s t r u c te d  w i th  th e  u se  o f  c a r e f u l l y  p re p a re d  s ta n d a r d  

s o lu t io n s *  The c r e a t i n i n e  s ta n d a r d  w as p re p a re d  by  th e  c r e a t i n i n e  z in c  

c h lo r id e  m ethod ( 9 ) ,  and  th e  hem o g lo b in  s ta n d a r d  by  t h e  s p e c t r o p h o to -  

m e t r i c  m ethod o f  D ra b k in  and  A u s t in  ( 6 ) .

V a lu e s  f o r  t h e  p la sm a  c o n c e n t r a t io n s  o f  b o th  c r e a t i n i n e  and  hemo­

g lo b in  w ere p l o t t e d  a g a i n s t  t h e  t im e  o f  w ith d ra w in g  th e  r e s p e c t i v e  

b lo o d  sam p les  from  th e  a n im a l*  By i n t e r p o l a t i o n  from  t h i s  g ra p h , a  

v a lu e  w as o b ta in e d  f o r  th e  p lasm a  c o n c e n t r a t io n  o f  e a c h  s u b s ta n c e  a t  

t h e  m id p o in t  o f  e a c h  p e r i o d ,  w h ich  w as ta k e n  a s  t h e  a v e ra g e  c o n c e n t r a ­

t i o n  o f  th e  s u b s ta n c e  f o r  t h a t  p a r t i c u l a r  p e r io d *  The u r i n a r y  

e x c r e t i o n  o f  b o th  h em og lob in  and  c r e a t i n i n e  i n  e a c h  u r in e  sam ple w as 

e x p re s s e d  a s  mg* e x c r e te d  p e r  m in u te  and  g ra p h s  w ere  made r e l a t i n g  th e  

r a t e  o f  e x c r e t i o n  o f  e a c h  s u b s ta n c e  t o  t h e  p lasm a c o n c e n t r a t io n  

d u r in g  th e  same p e r i o d .  The volum es o f  p la sm a  c le a r e d  o f  c r e a t i n i n e  

and  h em o g lo b in  p e r  m in u te  d u r in g  e a c h  p e r io d  w ere  c a l c u l a t e d  by  d i v i d ­

in g  t h e  mg* o f  e a c h  s u b s ta n c e  e x c r e te d  p e r  m in u te  by  t h e  c o r re s p o n d in g  

p la a a a  c o n c e n t r a t io n  i n  te rm s  o f  mg* p e r  100 c c * ,  and  m u l t ip ly in g  by  

1 0 0 . F i n a l l y ,  t h e  a b s o lu t e  c le a r a n c e  o f  h em o g lo b in  and th e  h e m o g lo b in /
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c r e a t i n i n e  c le a r a n c e  r a t i o  w ere  e a c h  p l o t t e d  a g a i n s t  t h e  h em o g lo b in  

p la sm a  c o n c e n t r a t io n *

EXPERIMENTAL OBSERVATIONS 

A t o t a l  o f  s e v e n te e n  i n d iv id u a l  e x p e r im e n ts  w ere c a r r i e d  o u t  on 

f i v e  a n im a ls*  I n i t i a l  p la sm a  c o n c e n t r a t io n s  o f  h e m o g lo b in , fo l lo w in g  

i t s  i n j e c t i o n ,  ra n g e d  from  200 t o  1300 mg* p e r  100  cc*  o f  p lasm a*

The c o n d i t io n  o f  t h e  a n im a ls  d u r in g  th e  c o u rs e  o f  e a c h  e x p e r im e n t 

rem a in ed  n o rm a l e x c e p t  i n  e x p e r im e n ts  13 and 1 7 , i n  b o th  o f  w h ich  th e  

a n im a ls  becam e r a t h e r  l i s t l e s s  f o l lo w in g  th e  i n j e c t i o n  o f  h e m o g lo b in , 

and f o r  s e v e r a l  h o u rs  t h e r e a f t e r  showed an  e l e v a t i o n  o f  te m p e r a tu r e  t o  

a b o u t 42° C . I t  i s  p o s s i b l e  t h a t  t h e  h em o g lo b in  s o lu t i o n  i n j e c t e d  in  

t h e s e  i n s t a n c e s  c o n ta in e d  some re d  c e l l  s trom a*

I n  v iew  o f  c o m p le te  r e p o r t s  on t h e  h i s t o l o g i c a l  f i n d i n g s  i n  dogs 

w h ic h  had  r e c e iv e d  m u l t i p l e  i n j e c t i o n s  o f  hem o g lo b in  ( 5 ,  1 7 ) ,  i t  w as 

n o t  deemed n e c e s s a r y  t o  a u to p s y  a l l  o f  t h e  a n im a ls  s tu d ie d  i n  t h e s e  

e x p e r im e n ts*  H ow ever, dog 3 8 -2 8 4 , w h ich  had r e c e iv e d  a  t o t a l  o f  

13*67 gm. o f  h em o g lo b in  i n  t h r e e  s e p a r a te  i n j e c t i o n s ,  w as k i l l e d  15 

d a y s  a f t e r  th e  l a s t  i n j e c t i o n  and  a u to p s ie d  im m e d ia te ly *  No g ro s s  

a b n o r m a l i t i e s  w ere  found  i n  an y  o rg an *  M odera te  d e p o s i t s  o f  i r o n -  

c o n ta in in g  p ig n e n t  w ere  o b se rv e d  h i s t o l o g i c a l l y  i n  t h e  l i v e r  and  sp le e n *  

H em ato x y lin  and e o s in  s t a i n s  o f  th e  k id n e y  showed no p a th o lo g ic a l  

c h a n g e s , an d  s p e c i a l  s t a i n i n g  o f  t h e  b asem en t m em branes o f  t h e  g lo m er­

u l a r  c a p i l l a r i e s  r e v e a le d  no a b n o r m a l i t i e s  o f  th e s e  s t r u c t u r e s *  No 

i r o n - c o n t a i n i n g  p ig m en t w as found  in  th e  e p i th e l iu m  o f  an y  o f  th e  

tu b u le s *  The a b se n c e  o f  su ch  p ig n e n t  may be r e l a t e d  t o  a  m o d e ra te  

d e g re e  o f  an em ia  p ro d u ced  i n  th e  a n im a l b y  th e  f r e q u e n t  w ith d ra w a l o f  

b lo o d  sam ples*
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I n  T a b le s  I ,  I I ,  and  I I I ,  and  i n  F i g .  1 ,  a r e  re c o rd e d  t h e  d e t a i l e d  

d a t a  o b ta in e d  i n  t h r e e  c h a r a c t e r i s t i c  e x p e r im e n ts  i n  w h ich  t h e  i n i t i a l  

p la sm a  c o n c e n t r a t i o n  o f  hem o g lo b in  w as r e l a t i v e l y  low  (190  m g. p e r  c e n t ) ,  

medium (4 5 0  mg* p e r  c e n t ) ,  and  h ig h  (1320  m g. p e r  c e n t ) .

The d a t a  on  t h e  e x c r e t i o n  o f  c r e a t i n i n e  i n  t h e s e  e x p e r im e n ts  a r e  

a n a ly z e d  i n  co lum ns 3 an d  4  o f  t h e  t a b l e s  and  i n  t h e  g ra p h s  o f  s e r i e s  

B i n  F i g .  1 .  I n  th e  g ra p h s  i t  w i l l  be  n o te d  t h a t  t h e  r e l a t i o n s h i p  

b e tw een  t h e  p la sm a  c o n c e n t r a t io n  o f  c r e a t i n i n e  an d  t h e  r a t e  o f  i t s  

u r i n a r y  e x c r e t i o n  p e r  m in u te  i s  a  l i n e a r  one* The o r i g i n  o f  t h i s  

g ra p h  i s  a t  z e r o ,  i n d i c a t i n g  t h a t  t h e  e x c r e t i o n  o f  c r e a t i n i n e  i s  r e *  

l a t e d  o n ly  t o  t h e  r a t e  o f  g lo m e ru la r  f i l t r a t i o n  and  i s  n o t  m o d if ie d  by  

a n y  t u b u l a r  a c t i v i t y *  The volum e o f  p la sm a , c o n ta in in g  t h e  num ber o f  

mg* o f  c r e a t i n i n e  e x c r e te d  p e r  m in u te ,  d e s ig n a te s  th e  volum e o f  p la sm a  

w a te r  f i l t e r e d  th ro u g h  t h e  g lo m e ru lu s  d u r in g  e a c h  m in u te .  Such 

c le a r a n c e  v a lu e s  a r e  l i s t e d  f o r  e ac h  p e r io d  in  colum n 5 o f  t h e  t a b l e s .  

V a r i a t i o n s  i n  t h e  r a t e  o f  c r e a t i n i n e  c le a r a n c e  o b s e rv e d  from  p e r io d  t o  

p e r io d  a r e  a t t r i b u t e d  t o  c h a n g e s  i n  g lo m e ru la r  f i l t r a t i o n  p r e s s u r e  and 

a r e  b e l ie v e d  t o  be  s y s te m ic  i n  o r ig in *

S im i la r  t r e a tm e n t  o f  t h e  d a ta  on t h e  p lasm a c o n c e n t r a t io n  an d  

th e  r a t e  o f  e x c r e t i o n  o f  h em og lob in  i s  shown i n  colum ns 6 and 7 o f  

th e  f i r s t  t h r e e  t a b l e s  and  i n  th e  g ra p h s  o f  s e r i e s  A i n  F i g .  1 .

R e fe re n c e  t o  t h e  g ra p h s  w i l l  show t h a t  i n  e ach  e x p e r im e n t t h e r e  w as 

a  d e f i n i t e  p la sm a  c o n c e n t r a t io n  o f  hem og lob in  below  w h ich  none e sc a p e d  

from  t h e  k id n e y .  T h is  c r i t i c a l  v a lu e  o f  p la sm a  c o n c e n t r a t io n  i s  d e s i g ­

n a te d  a s  t h e  r e n a l  th r e s h o ld  o f  h em o g lo b in  and above t h i s  l e v e l  t h e  

r a t e  o f  h em o g lo b in  e x c r e t i o n  w as p r o p o r t io n a l  t o  t h e  p lasm a  c o n c e n t r a ­

t i o n .  S in c e  t h e  e s ta b l i s h m e n t  o f  th e s e  f a c t s  i s  im p o r ta n t ,  a l l  o f



TABLE I

P erio d  Length 
o f  

p e rio d

1 2

m in .

Summary o f  Experim ent 8 . 

C re a tin in e  

Plasma U rine C learanoe

3 4 5

mg./lOO mg ./m in . o o ./m in .

Dog 38-229 . W eights 1 2 .0  K ilo s  

Hemoglobin 

Plasma U rine C learance

6 7 8

mg./lOO m g./m in . c o ./m in

H b ./C r.
c le a ra n c e

r a t i o

9

U rin e
flow

10

c o ./m in .

1 15.75 8 .8 0 7.61 86.4 - - — - - — 0.76

1 .6 6  gm» o f  hem oglobin d is so lv e d  in  45 c c .  w a te r in je c te d  in tra v e n o u s ly (138 mg . / k g . )

2 26.25 7.40 5 .6 0 75.5 — — mm mm — 0.46

3 23.25 7.18 4 .83 67.3 148 2.15 1 .45 0.0216 0.95

4 16 .25 6 .4 0 3 .8 7 60.5 112 1.01 0 .9 0 0.0149 1*26

5 26.25 5 .0 0 3 .7 8 75.5 92 0 .56 0.61 0.0080 2 .8 8

6 23.75 3.68 2 .99 81.3 81 0 .4 0 0 .5 0 0.0061 2.91

7 22.25 3 .2 0 3 .14 98 .0 78 0 .06 0.08 0.0008 2 .94

00«



1

1
2
3

4
5
6
7
8
9

10
11
12
13
14

TABLE II

Summary o f  Experim ent 9 . Dog 38-229 . W eight: 11*3 K ilo s

Length C re a tin in e Hemoglobin H b ./C r. U rine
o f c le a ra n o e flow

p e rio d Plasma U rine C learanoe Plasma U rine C learanoe r a t i o

2 3 4 5 6 7 8 9 10

min* mg ./L 00 mg ./m in . o o ./m in . mg . / l  00 mg • /m in . c o ./m in . c o ./m in .

22*25 10.87 7.64 70.3 M 1 .6 8
24.00 9.15 6.63 77.6 — — — 2 .2 9
15.25 8.47 5 .24 61.8 — — — 2.75

2*59 gm• o f  hemoglobin d is so lv e d  in  32 o c . w a te r  in je c te d  in tra v e n o u s ly (229 mg . / e g . )

12 .00 8.75 6.75 77.1 434 9 .67 2 .23 0.0289 3 .7 5
21.75 8.34 2.88 34 .6 390 3 .9 0 1 .0 0 0.0289 2 .12
21.00 6 .60 3 .9 0 59.1 325 4 .8 8 1 .5 0 0.0254 3 .1 9
19 .50 5 .66 3 .7 6 66 .4 282 4 .3 8 1 .5 5 0.0234 4 .6 0
17 ,0 0 5 .18 3 .2 6 6 3 .0 257 3 .6 3 1.41 0.0224 4 .5 6
22.75 4 .8 0 3 .04 63.4 236 3 .3 4 1 .4 2 0.0224 4 .7 0
22.25 3 .75 2.14 57.1 166 1 .0 7 0 .65 0.0113 0 .9 0
21.00 3 .3 0 1.91 57 .8 148 0.71 0 .48 0.0082 0 .33
24.00 2 .88 1.97 68 .4 130 0 .47 0 .36 0.0053 0 .4 2
27.75 2 .6 0 1 .7 4 67 .0 115 0 .3 0 0 .2 6 0.0038 4 .0 5
22.50 2 .30 1.53 66.5 100 0 .2 0 0 .20 0 .0030 5 .6 0

to



1

1
2

3
4
5
6
7
8
9

10
11
12
13
14
15
16

TABLE III

Summary o f  Experim ent 1 0 . Dog 38-229 . W eight: 1 1 .2  K ilo s

Length
o f

p e rio d

min

C re a tin in e  hem oglobin

Plasm a U rine C learance  Plasma U rine 

3 4 5 6 7

m £ ./.0 0  m g ./m in . o c ./m in . mg./lOO mg./min*

H b ./C r. U rine
c le a ra n c e  flo w

C learance  r a t i o

8 9 10

o c ./m in . oc • / n i n .

18 .50 15.55 9.05 58 .2 — *•<* — 1 .3 5
26.75 13.05 6.17 47 .3 — — — — 1 .1 2

10 .00 gm. o f  hemoglobin d is so lv e d  in 70 c c . w a te r in je c te d  in tra v e n o u s ly (890 mg . / e g . )

15 .00 11 .80 6.13 5 2 .0 « • 0 .8 0
17 .75 10 .10 6.56 65 .0 1200 12 .70 1 .0 6 0.0195 1 .1 8
18 .0 0 8 .70 3 .03 34 .9 1088 5 .5 0 0 .50 0.0144 3 .2 8
19.75 8.02 5.26 65 .6 1000 10 .70 1 .0 7 0.0158 3 .7 5
25.50 7.00 4 .3 8 62 .6 933 10.65 1 .14 0.0182 2 .7 8
27.75 6.26 3.51 5 6 .0 854 9 .9 0 1 .1 6 0.0207 2 .24
23.25 5 .60 2.51 44 .8 636 8.16 1 .2 8 0.0286 1 .2 5
27.75 5 .20 2.21 42 .5 569 6.44 1 .13 0.0266 1*91
22.00 4 .55 2 .50 5 5 .0 520 6.52 1 .25 0.0228 2 .9 0
26.25 3 .94 2.04 51 .8 484 4 .8 5 1 .0 0 0.0193 5 .15
21*00 3 .1 4 1 .82 5 8 .0 437 4 .7 6 1 .0 9 0.0188 2 .8 6
25 .50 2 .86 1 .68 58.7 422 3 .88 0 .9 2 0.0157 3 .4 5
24.50 2 .60 1 .4 8 5 7 .0 410 3 .7 8 0 .92 0.0162 1 .9 2
23.75 2 .38 1 .1 6 48 .7 404 3 .6 4 0 .9 0 0.0185 1 .81



•  6
Exp.  8  

T h r e s h o l d :  7 7 m j . %

Exp.  10E x p . 9

T h r e a h o l d : 8 0 T h r e s h o l d :  
1 4 0  mg.%MG.

A .Hb.Excret ion r a hH b . E x c r e t i o n  rateHb. Exc re t i on  r a t e

•5
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Cr . Ex cre t ion  r a t e C r . E x c r e t i o n  rate

20
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54

D . H f eD. Hb.
C r .
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Cr.r a t i o
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Fig. 1. Dog 38-229. Graphs of the data obtained in experiments 8, 9, and 10. Graphs in series A show the relationship 
between the rate of excretion of hemoglobin and its plasma concentration. Graphs in series B, similarly, show these relation­
ships for creatinine. The graphs in series C and D relate respectively the absolute renal clearance of hemoglobin and the 
hemoglobin /creatinine clearance ratio to the plasma hemoglobin concentration.
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t h e  v a lu e s  so o b ta in e d  r e l a t i n g  p lasm a  c o n c e n t r a t io n  t o  e x c r e t i o n  r a t e  

w e re  c o m p ile d  g r a p h i c a l l y  i n  F ig #  2# From th e  d i s t r i b u t i o n  o f  t h e  

p o i n t s  on  t h i s  g ra p h , i t  i s  q u i t e  c l e a r  t h a t  t h e  a v e ra g e  th r e s h o ld

v a lu e  i s  a b o u t 100 mg# o f  h em o g lo b in  p e r  100 cc#  o f  p la sm a , and  t h a t

t h e  d i r e c t  r e l a t i o n s h i p  o f  t h e  e x c r e t i o n  r a t e  o f  h em o g lo b in  above t h i s  

l e v e l  t o  t h e  p la sm a  c o n c e n t r a t io n  h o ld s  t r u e  f o r  p la sm a  c o n c e n t r a t io n s

up  t o  13 t im e s  t h e  th r e s h o ld  v a lu e  ( l i n e  A)# I t  i s  c o n s id e re d  t h a t

w i t h i n  t h i s  r a n g e ,  a l l  o f  t h e  im p o r ta n t  a s p e c t s  o f  t h e  r e n a l  m echanism  

f o r  t n e  e l i m i n a t i o n  o f  h em o g lo b in  sh o u ld  have become m a n ife s t*

The c l e a r a n c e  r a t e  o f  h e m o g lo b in , e x p re s s e d  a s  t h e  volum e o f  

p la sm a  c le a r e d  p e r  m in u te ,  i s  v e r y  sm a ll when com pared t o  t h e  c le a r a n c e  

r a t e  o f  c r e a t i n i n e  (co lum n 8 vs#  colum n 5 ,  T a b le s  I ,  I I ,  I I I ) #  I n  th e  

g ra p h s  o f  s e r i e s  C i n  F ig #  1 ,  t h e  c le a r a n c e  r a t e  o f  h em og lob in  i s  r e ­

l a t e d  g r a p h i c a l l y  t o  t h e  p la sm a  c o n c e n t r a t i o n .  Below th e  t h r e s h o ld  

a  p la sm a  c le a r a n c e  o f  h em og lob in  i s  o f  c o u rs e  n o t  a p p a re n t#  I n c r e a s in g  

c o n c e n t r a t i o n s  o f  p la sm a  h em o g lo b in  above th e  t h r e s h o ld  a r e  accom pan ied  

b y  i n c r e a s i n g  c le a r a n o e  r a t e s #  H ow ever, t h e  r a t e  o f  i n c r e a s e  d im in is h e s  

a s  t h e  p lasm a  c o n c e n t r a t io n  r i s e s ,  and th e  c le a r a n c e  re a c h e s  a  maximum 

v a lu e  a t  p la sm a  c o n c e n t r a t io n s  o f  a b o u t 250 mg# p e r  100 cc# F u r th e r  

i n c r e a s e s  i n  p la sm a  c o n c e n t r a t io n  have no s i g n i f i c a n t  e f f e c t  upon th e  

e x c r e t i o n  r a t e #

The h e m o g lo b in /c le a ra n c e  r a t i o  and  i t s  r e l a t i o n  t o  th e  p la sm a  

c o n c e n t r a t io n  o f  h em o g lo b in  in  e ac h  p e r io d  o f  t h e s e  sam ple e x p e r im e n ts  

i s  shown i n  colum n 9 o f  t h e  t a b l e s  and i n  t h e  g ra p h s  o f  s e r i e s  D in  

F ig #  1# The r e l a t i o n s h i p s  o f  t h i s  r a t i o  t o  th e  p lasm a c o n c e n t r a t io n  

a r e  s i m i l a r  i n  n a tu re -  t o  th o s e  o f  t h e  h em og lob in  c le a r a n c e  c u rv e  d i s ­

c u s s e d  above#  The a v e ra g e  v a lu e  o f  th e  h e m o g lo b in /c r e a t in in e  c le a r a n c e
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_MG. HB.
EXCR ETED 

_ PER MIN.

Line ALine B

Tubular Aihrocytosis: 
1.33 mg.per min.Slope: 1.23 

(cc.permin.;

.Threshold: ioo m%%

0 IOO 200 300 400500 600 700 800 900 1000 1100 1200GOO 1400

H E M O G L O B I N  C O N C E N T R A T I O N
IN MG. P E R  I O O C C .  O F  P L A S M A

Fig .  2. T h e  p o in t s  r ep re sen t  a com pos i te  of all of th e  d a t a  o b t a i n e d  r e l a t in g  t h e  m g.  of 
hemoglobin excre ted  per  m in u t e  to  th e  p la s m a  c o n c e n t r a t io n  of h e m o g lo b in .  L in e  A 
represents  th e  genera l  l inear  d is t r ib u t io n  of th e  po in ts .  L in e  B descr ibes  t h e  r a t e  a t  
which p la sm a  is f reed of hem oglob in  a t  the  g lom eru lus .  I n a s m u c h  as  th e  c o n s t a n t s  for  
the ra te  of g lo m eru la r  f i l t ra t ion  (1.23 c c . /m in . )  a n d  th e  t u b u l a r  a th r o c y to s i s  (1.33 
m g . /m i n .) a re  less t h a n  e i the r  the  m e a n  or  th e  a v e rag e  of th e  c o n s t a n t s  o b t a i n e d  f rom  
each e xp er im en t ,  t h e y  h a v e  been d r o p p e d  in th e  final discussion in lieu of th e  a v e ra g e  
of the va lues  o b ta in e d  in each e x p e r im e n t  as l is ted in T a b i c  V.



1 4 .

r a t i o  o b ta in e d  fro m  a l l  o f  t h e  e x p e r im e n ts  i s  0 .0 1 9  (co lum n 1 1 , T ab le  

I V ) ,  i . e . ,  t h e  volum e o f  p la sm a  c le a r e d  o f  h em o g lo b in  p e r  m in u te  i s  

o n ly  1 .9  p e r  c e n t  o f  t h a t  c l e a r e d  o f  c r e a t i n i n e .

A num ber o f  t h e  p e r i o d i c  v a r i a t i o n s  fo und  i n  t h e  g ra p h s  o f  s e r i e s  

A and  B i n  F i g .  1 ,  w h ic h  d e s c r ib e  t h e  e x c r e to r y  r a t e s  o f  h em o g lo b in  

an d  c r e a t i n i n e  i n  te rm s  o f  t h e i r  r e s p e c t i v e  p lasm a  c o n c e n t r a t i o n s ,  

d i s a p p e a r  i n  t h e  h e m o g lo b in /c r e a t in in e  c le a r a n c e  r a t i o s  i n  th e  g ra p h s  

o f  s e r i e s  D . T h is  i n d i c a t e s  t h a t  i n  t h e s e  i n s t a n c e s  t h e  same f a c t o r  

w as o p e r a t i v e  i n  m o d ify in g  t h e  e x c r e t i o n  r a t e  o f  e a c h  s u b s ta n c e *  The 

l a r g e r  v a r i a t i o n s  w h ich  o c c u r re d  d u r in g  th e  i n i t i a l  p e r io d s  o f  many 

e x p e r im e n ts  w ere  f r e q u e n t l y  a s s o c i a t e d  w i th  a  m arked b u t  t r a n s i e n t  

o l i g u r i a  (oolum n 1 0 , T a b le s  I ,  I I ,  I I I ) .  T hese v a r i a t i o n s  a r e  p ro b a b ly  

r e l a t e d  t o  t h e  t r a n s i e n t  v a s o c o n s t r i c t o r  a c t i o n  o f  h em og lob in  on th e  

r e n a l  a r t e r i a l  system , n o te d  b y  Mason and Mann ( 1 6 ) .

I n  th o s e  e x p e r im e n ts  i n  w h ich  t h e  i n i t i a l  p la sm a  c o n c e n t r a t io n  o f  

h em o g lo b in  w as above 1000  m g. p e r  100 o c . ,  a  d i s t i n c t i v e  ty p e  o f  v a r i a ­

t i o n  i n  t h e  homo g lo b  i n / o r  e a t  in in e  r a t i o  w as n o te d  w h ich  m u st be ta k e n  

i n t o  c o n s id e r a t i o n  i n  f u r t h e r  w ork o f  t h i s  t y p e .  I t  i s  I l l u s t r a t e d  by  

t h e  r a t i o  c u rv e  o f  e x p e r im e n t 1 0 , F i g .  1 ,  g ra p h  D . B eg in n in g  a t  p e r io d  

5 ,  t h e  r a t i o  i n c r e a s e s  m a rk e d ly  to  a  maximum i n  p e r io d  9 when th e  

p la sm a  c o n c e n t r a t io n  o f  hem oglob in  i s  636 mg. p e r  100 c c .  Beyond t h i s  

p o i n t  i t  a g a in  f a l l s  t o  a  more n o rm al l e v e l .  The h e m o g lo b in /c r e a t in in e  

r a t i o s  o f  e x p e r im e n t 1 3 , r e p r e s e n te d  b y  th e  d o t te d  l i n e  i n  g ra p h  D on 

t h e  same c h a r t ,  show a  s i m i l a r  change  in  th e  some ra n g e  o f  p la sm a  

c o n c e n t r a t i o n s .  I t  h a s  b een  p o in te d  o u t (1 9 ) t h a t  d u r in g  a  m arked 

heraog ilob ine iaia , a  b i l i r u b i n u r i a  may e x i s t ,  w ith o u t  d o u b t due t o  t h e  

im m ed ia te  r e n a l  c le a r a n c e  o f  e x c e s s  b i l e  p ig m e n ts  fo rm ed , from  th e



TABLE IV

Summary o f  A ll Experim ents

Dog Exp. W eight Hemoglobin I n i t i a l Renal Ave. Lowest Ave. Ave .max • P e r cej
No. plasm a th r e s h ­ C r. plasm a max. re n a l o f

oono. o f o ld c l e a r . c o n e .fo r re n a l  Hb. H b ./C r. im jgc ti
Hb. max. Hb. c l e a r . r a t i o Hb. i i

c l e a r . u r in e

1 2 3 4 4 5 6 7 8 9 10 11 12

k g . gm. mg . /k g . mg./lOO mg./lOO cc ./m in  • mg./lOO cc ./m in .

38-11 1 1 2 .0 1.31 109 235 87 72 9 .8
2 12 .6 1 .72 137 235 130 60 — - - - - —

3 1 2 .0 1 .8 0 150 275 90* 60 - - — « —

4 14 .3 2.15 150 390 126 83 - - — — 1 1 .7
5 14 .4 7 .30 506 630 95 65 300 1 .0 7 0.0192 17 .3
6 1 2 .4 5 .76 465 700 140 63 300 0 .79 0.0134 1 2 .8
7 12 .4 5 .72 461 715 230 61 285 0 .69 0.0114 1 3 .5

38-229 8 1 2 .0 1 .6 6 138 194 77* 86 1 5 .4
9 11 .3 2 .69 229 450 80 66 230 1*52 0.0252 28 .7

10 1 1 .2 10 .00 890 1320 — 60 — 1.03 0.0196 2 2 .0

38-262 11 1 7 .0 2 .37 139 330 110* 61 _ _ • _ 9 .4
12 17.1 4 .2 0 248 680 80 67 180 1 .3 6 0.0233 27 .3
13 17.1 9.76 571 1390 — 70 — 1 .1 4 0.0160 31*0

38-264 14 1 2 .9 3 .88 301 480 80* 83 110 1 .0 5 0.0124 1 8 .4

38-284 16 15 .7 2115 137 195 85* 69 175 1 .3 9 0.0210 1 5 .4
16 16.1 3 .5 2 292 530 85 65 180 1.51 0.0264 21 .9
17 1 4 .6 8 ,00 549 1160 140 70 250 1 .4 4 0.0209 3 1 .0

* Threshold  va lue  o f  f i r s t  experim ent in  th e  s e r i e s .
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i n j e c t e d  h e m o g lo b in , a t  a  r a t e  above th e  maximum e x c r e to r y  c a p a c i t y  o f  

t h e  l i v e r .  S u b se q u en t to  t h e  r e a l i z a t i o n  o f  t h i s  p o s s i b i l i t y ,  i t  was 

fo u n d  t h a t  t h e  a d d i t i o n  o f  a  d i l u t e  s o lu t io n  o f  dog b i l e  t o  t h e  r e a g e n ts  

u s e d  i n  t h e  oyanm ethem og lob in  m ethod f o r  t h e  d e te r m in a t io n  o f  t o t a l  

h e m o g lo b in  o a u se d  an  a p p r e c ia b le  i n c r e a s e  i n  o p t i c a l  d e n s i t y .  I t  may 

be su p p o sed  t h a t  b e tw ee n  p e r io d s  5 an d  12 i n  e x p e r im e n t 10 th e  e x c e s s  

p ig a e n t s  c l e a r e d  i n t o  t h e  u r i n e  w ere  p r e s e n t  i n  c o n c e n t r a t io n s  h ig h  

enou g h  t o  d i s t u r b  t h e  h em o g lo b in  d e t e r m in a t io n s .  The h o r i z o n ta l  l i n e s  

on t h i s  g ra p h  r e p r e s e n t  t h e  r a t i o s  o f  h em o g lo b in  f i l t r a t i o n  th ro u g h  t h e  

g lo m e ru lu s  t o  t h e  f i l t r a t i o n  o f  c r e a t i n i n e ,  a s  e s t im a te d  l a t e r  i n  t h i s  

p a p e r .  I t  i s  i n t e r e s t i n g  t o  n o te  f o r  f u t u r e  r e f e r e n c e  t h a t  d u r in g  

p e r io d s  9 an d  1 0  i n  e x p e r im e n t IQ  t h e  r a t e  o f  hem o g lo b in  e x c r e t io n  

i n t o  t h e  u r i n e  e x ceed ed  t h e  c a l c u l a t e d  r a t e  o f  i t s  f i l t r a t i o n  th ro u g h  

t h e  g lo m e ru lu s .

The d is a p p e a r a n c e  r a t e s  o f  h em og lob in  from  th e  p lasm a a r e  g r a p h i ­

c a l l y  shown i n  P i g .  3 ,  e a c h  c u rv e  r e p r e s e n t i n g  an  in d i v i d u a l  e x p e r im e n t .  

I n  e a c h  in s t a n c e  t h e r e  i s  a  r a p id  d ro p  i n  p la sm a  c o n c e n t r a t io n  d u r in g  

t h e  f i r s t  60 t o  90 m in u te s ,  a f t e r  w h ich  th e  r a t e  o f  d is a p p e a ra n c e  b e ­

comes s lo w e r .  I n  v ie w  o f  th e  f a c t  t h a t  r e n a l  e l im in a t io n  p ro c e e d s  a t  

a  r e g u l a r  r a t e  p r o p o r t i o n a l  t o  th e  p la sm a  c o n c e n t r a t i o n ,  i t  i s  s u g g e s te d  

t h a t  t h e  r a p id  d ro p  i s  r e l a t e d  t o  t h e  e q u i l i b r a t i o n  d u r in g  t h i s  t im e  o f  

p h a g o c y t ic  a c t i v i t y  and t h e  d i f f u s i o n  o f  hem oglob in  i n t o  e x tra v a s o u l& r  

body  s p a c e s  an d  f l u i d s .  T h ere  i s  no e v id e n c e  t h a t  h ig h  i n i t i a l  co n ­

c e n t r a t i o n s  o f  h em o g lo b in  i n i t i a t e  an y  s p e c i a l  m echanism  o f  rem o v a l 

w h ic h  d o e s  n o t  f u n c t io n  a t  lo w e r  l e v e l s .  T h is  o b s e r v a t io n  d i f f e r s  from

t h a t  o f  O tte n b e rg  and Fox ( 1 8 ) .

A summary o f  t h e  p e r t i n e n t  d a ta  o b ta in e d  from  e a c h  e x p e r im e n t i s
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Fig. 3. Each line represents the rate at which hemoglobin disappeared from the blood 
stream during an individual experiment. Lines 8, 9, and 10 are the disappearance 
curves of the respective experiments chosen for the protocols recorded in the text.
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p r e s e n te d  i n  T ab le  I V . I t  may be n o te d  t h a t  th e  i n i t i a l  p la sm a  con ­

c e n t r a t i o n  o f  h em o g lo b in  (oolum n 6 ) shows no d i r e o t  r e l a t i o n s h i p  t o  

t h e  am ount o f  h em o g lo b in  i n j e c t e d  p e r  k i l o  o f  body  w e ig h t (colum n 5 ) .

I h i s  w ou ld  i n d i c a t e  t h a t  t h e  p la sm a  volum e i s  n o t  a  c o n s ta n t  p r o p o r t io n  

o f  t h e  body  w e ig h t ,  an d  t h a t ,  t h e r e f o r e ,  p r e v io u s  w ork b y  o th e r  i n ­

v e s t i g a t o r s ,  who b a s e d  t h e i r  i n t e r p r e t a t i o n s  s o l e l y  on  th e  am ount o f  

h em o g lo b in  i n j e c t e d  p e r  k i lo g r a m , c a n  no lo n g e r  be c o n s id e re d  r e l i a b l e .

The r e n a l  t h r e s h o l d  v a lu e s  f o r  h em og lob in  (colum n 7 , T a b le  IV ) 

w ere  o b ta in e d  b y  e x t r a p o l a t i n g  th e  c u r v e s ,  r e l a t i n g  hem o g lo b in  e x c r e t io n  

t o  p la sm a  c o n c e n t r a t i o n ,  t o  t h e  p o in t  o f  z e ro  e x c r e t i o n .  The a v e ra g e  

l e v e l  i s  100  m g. p e r  1 0 0  o o .  o f  p la sm a  and  th o s e  m arked w i th  a n  a s t e r i s k  

w e re  o b ta in e d  a t  t h e  t im e  o f  th e  f i r s t  h em o g lo b in  i n j e o t i o n .  The 

th r e s h o l d  i s  u n r e l a t e d  t o  t h e  i n i t i a l  l e v e l  o f  hem o g lo b in  c o n c e n t r a t io n  

i n  t h e  p la sm a  and  no  r e l a t i o n s h i p  i s  found  b e tw een  t h e  num ber o f  i n ­

j e c t i o n s  p r e v io u s ly  g iv e n  n o r  th e  t im e  i n t e r v a l  s e p a r a t in g  th e m . I n  

t h e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts ,  no lo w e r in g  o f  t h e  " th r e s h o l d ”

( i . e . ,  t h e  minimum am ount o f  i n j e c t e d  hem o g lo b in  r e q u i r e d  t o  c a u se  

h e m o g lo b in u r ia ) ,  a s  r e p o r t e d  b y  L i c h ty ,  H a v i l l ,  and  W hipple (1 4 )  f o l ­

lo w in g  r e p e a te d  d a i l y  i n j e c t i o n s ,  w as o b s e r v e d .  I t  i s  f e l t  t h a t  t h e i r  

r e s u l t s  c o u ld  be b e t t e r  e x p la in e d  b y  a  s low  a c c u m u la tio n  o f  hem oglobin  

i n  t h e  p la sm a  a f t e r  e a c h  i n j e c t i o n  cau sed  by  a  d e c r e a s in g  p h a g o c y tic  

c a p a c i t y  o f  t h e  r e t i e u l o - e n d o t h e l i a l  s y s te m .

The a v e ra g e  c r e a t i n i n e  c le a r a n c e  f i g u r e s  (co lum n 8 , T ab le  I V ) ,  

i n d i c a t i n g  t h e  a p p ro x im a te  l e v e l  o f  g lo m e ru la r  f i l t r a t i o n  f o r  e a c h  e x ­

p e r im e n t ,  a r e  co m p arab le  t o  th o s e  r e p o r te d  b y  o t h e r  i n v e s t i g a t o r s  ( 2 3 ) .

I n  colum n 9 , T a b le  IV^ a r e  l i s t e d  th e  p lasm a  l e v e l s  above  w h ich  

t h e  c le a r a n c e  r a t e  o f  h em o g lo b in  w as found to  be a t  a  maximum. I n
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colum n 10  t h e  a v e ra g e  maximum h em o g lo b in  c le a r a n o e  r a t e s  a r e  g iv e n  i n  

te rm s  o f  t h e  oo* o f  p la sm a  c le a r e d  p e r  m in u te*  The maximum h e m o g lo b in / 

c r e a t i n i n e  c l e a r a n c e  r a t i o s  a r e  l i s t e d  i n  colum n 11 •

The a p p ro x im a te  p e r c e n ta g e s  o f  i n j e c t e d  h em og lob in  r e c o v e re d  i n  

t h e  u r i n e  d u r in g  th e  c o u r s e  o f  e a c h  e x p e r im e n t a r e  l i s t e d  i n  colum n 12  

i n  T a b le  IV* The r e c o v e r y  w as r o u g h ly  p r o p o r t i o n a l  t o  t h e  am ount i n ­

j e c t e d *

DISCUSSION

The m o s t im p o r ta n t  f a c t s  d i s c l o s e d  b y  t h e s e  e x p e r im e n ta l  d a ta  

a r e  t h a t  t h e  e x c r e t i o n  o f  h em o g lo b in  h a s  a  t r u e  r e n a l  t h r e s h o l d , an d  

t h a t  ab o v e  t h i s  t h r e s h o l d  h em o g lo b in  i s  e l im in a te d  b y  th e  k id n e y  a t  

a  r a t e  "which i s  d i r e c t l y  p r o p o r t i o n a l  to  i t s  c o n c e n t r a t io n  i n  t h e  

p lasm a*  S i g n i f i c a n t ,  a l s o ,  i s  t h e  f i n d i n g  t h a t  t h e  r e n a l  c le a r a n c e  

r a t e  o f  h em o g lo b in  i s  o f  lo w  m a g n itu d e  when com pared w ith  t h e  t o t a l  

g lo m e ru la r  f i l t r a t i o n  r a t e *  On t h e  b a s i s  o f  t h e s e  f a c t s  a n d  on th e  

r e l a t e d  e v id e n c e  found  i n  th e  l i t e r a t u r e ,  i t  i s  p o s s i b l e  t o  a r r i v e  a t  

a n  e x p la n a t io n  o f  t h e  phenom enon o f  h e m o g lo b in u r ia  w h ic h  i s  i n  a g r e e ­

m en t w i th  th e  m odern c o n c e p t o f  r e n a l  fu n c t io n *

W ith  t h e  e s ta b l i s h m e n t  o f  t h e s e  r e l a t i o n s h i p s ,  t u b u l a r  e x c r e t io n  

o f  h em o g lo b in  m u st be  e x c lu d e d  a s  a  p o s s ib l e  m echanism  on s e v e r a l  

g ro u n d s*  T u b u la r  t h r e s h o l d s  a r e  n o t  known t o  e x i s t  and  t h e  b a s a l  

membrane o f  t h e  t u b u l a r  c e l l  i s  s a id  t o  be  im perm eab le  t o  l a r g e  

e l e c t r o n e g a t i v e  c o l l o i d a l  m o le c u le s  (1 5 )*  A l l  p r e v io u s ly  s tu d ie d  

t u b u l a r  phenom ena h ave  b e en  shown t o  have a  m axim al l i m i t  beyond 

w h ic h  t h e i r  f u n c t i o n a l  c a p a c i ty  d o e s  n o t  in c r e a s e  no m a t t e r  how g r e a t  

t h e  p la sm a  c o n c e n t r a t io n  becom es (2 2 )*
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From t h e  e x p e r im e n ta l  d a t a  i t  c a n  b© assum ed w i th  r e a s o n a b le  

a s s u r a n c e  t h a t  h em o g lo b in  f i l t e r s  th r o u g h  th e  g lo m e ru lu s  a t  a  c o n s ta n t  

r a t e  much lo w e r  t h a n  t h e  f i l t r a t i o n  r a t e  o f  c r e a t i n i n e .  I n  v iew  o f  

t h e  m ass o f  e v id e n c e  w h ic h  p o i n t s  t o  t h e  p u r e ly  m e c h a n ic a l n a tu r e  o f  

t h e  g lo m e ru la r  m em brane, i t  i s  v e r y  u n l i k e l y  t h a t  i n  t h e  c a s e  o f  hemo­

g lo b in  i t  s h o u ld  p o s s e s s  a  dynam io s e c r e t o r y  a c t i v i t y  and th u s  be r e ­

s p o n s ib le  f o r  t h e  t h r e s h o l d  phenom enon. I f  t h e r e  c a n  be no g lo m e ru la r  

t h r e s h o l d ,  t h e n  t h e  a b se n c e  o f  h e m o g lo b in u r ia  b e lo w  a  c e r t a i n  p la sm a  

l e v e l  im p l i e s  t h a t  t h e  t u b u l e s  h av e  t h e  c a p a c i ty  t o  r e a b s o r b  a l l  o f  

t h e  h em o g lo b in  w h ich  e s c a p e s  th ro u g h  th e  g lo m e ru lu s  a t  s u b th r e s h o ld  

p la sm a  c o n c e n t r a t io n s *  S in c e  th e  c a p a c i ty  r e a c h e s  i t s  maximum a t  t h e  

t h r e s h o l d ,  a n y  i n c r e a s e  i n  p la sm a  c o n c e n t r a t i o n  ab o v e  t h i s  l e v e l  w i l l  

c a u s e  t h e  h e m o g lo b in , f i l t e r e d  i n  e x o e s s  o f  t h a t  r e a b s o r b e d ,  t o  a p p e a r  

i n  t h e  u r i n e .  As t h e  p la sm a  c o n c e n t r a t io n  i s  in c r e a s e d  t o  h ig h e r  and 

h ig h e r  l e v e l s ,  t h e  am ount o f  h em o g lo b in  re c o v e re d  b y  t h e  t u b u le s  b e ­

com es a  s m a l le r  and  s m a l l e r  p e r c e n ta g e  o f  t h a t  w h ich  e s c a p e s  th r o u g h  

t h e  g lo m e ru lu s*  A t t h e s e  h ig h e r  p la sm a  l e v e l s ,  t h e r e f o r e ,  t h e  c le a r a n c e  

o f  h em o g lo b in  an d  th e  h e m o g lo b in /c r e a t in in e  c le a r a n o e  r a t i o  te n d  t o  b e ­

come c o n s ta n t  i n  v a l u e .

The a c t u a l  m a g n itu d e  o f  th e  g lo m e ru la r  and  t u b u l a r  f a c t o r s  i n  

t h i s  phenom enon may be  a s c e r t a i n e d  b y  a  f u r t h e r  a n a l y s i s  o f  F i g .  2 .

L in e  A i n  t h i s  f i g u r e  r e p r e s e n t s  an  a v e ra g e  o f  a l l  t h e  e x p e r im e n ta l ly  

d e te rm in e d  p o i n t s  r e l a t i n g  th e  mg* o f  hem o g lo b in  e x c r e te d  p e r  m in u te  

t o  t h e  p la sm a  c o n c e n t r a t i o n .  S in c e  t h e  t u b u l a r  r e a b s o r p t io n  r a t e  r e ­

m a in s  c o n s ta n t  above  t h e  t h r e s h o l d ,  t h e  f i l t r a t i o n  r a t e  o f  hem o g lo b in  

a t  t h e  g lo m e ru lu s ,  i n  r e l a t i o n  t o  a l l  t h e  p o in t s  on l i n e  A, may be  

r e p r e s e n te d  g r a p h i c a l l y  b y  a  l i n e  B w h ich  i s  p a r a l l e l  t o  l i n e  A and
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■which p a s s e s  th ro u g h  t h e  o r i g i n  o f  t h e  c o o r d in a te  system *  The s lo p e  

of* t h i s  l i n e  (0* 0 1 2 3 ) i n d i c a t e s  t h a t  t h e  a v e ra g e  volum e o f  p la sm a  

c l e a r e d  o f  h em o g lo b in  e a c h  m in u te  i s  1*23 oo* I t  i s  c o n s ta n t  b o th  

ab o v e  and  b e lo w  t h e  th r e s h o ld *  (S ee  le g e n d  o f  F ig *  2* )

The a v e ra g e  r a t e  o f  h em o g lo b in  f i l t r a t i o n  p e r  m in u te  a t  t h e  

g lo m e ru lu s  f o r  e a c h  e x p e r im e n t i s  r e c o rd e d  i n  colum n 7 o f  T a b le  V*

I n  colum n 8 th e  a v e ra g e  c r e a t i n i n e  c l e a r a n c e ,  i * e * ,  t h e  t o t a l  f i l t r a ­

t i o n ,  i s  l i s t e d  f o r  e a c h  e x p e r im e n t*  T h ese  tw o v a lu e s  a r e  com pared 

i n  colum n 9 , i n  w h ich  a r e  r e c o rd e d  t h e  g lo m e ru la r  h e m o g lo b in /c r e a t in in e  

f i l t r a t i o n  r a t i o s * The ra n g e  o f  t h e s e  v a lu e s  i s  0*016 t o  0 .0 4 8  and 

t h e  a v e ra g e  i s  0 * 0 2 9 , i . e . ,  t h e  f i l t r a t i o n  r a t e  o f  h em o g lo b in  i s  2*9 

p e r  c e n t  o f  t h e  f i l t r a t i o n  r a t e  o f  c r e a t i n i n e *  T h is  a v e ra g e  r a t e  o f  

g lo m e ru la r  f i l t r a t i o n  o f  h em o g lo b in  d u r in g  e a c h  e x p e r im e n t (co lum n 7) 

a p p e a r s  to  be g r e a t e r  a t  lo w  i n i t i a l  p la sm a  c o n c e n t r a t i o n s  th a n  a t  

h ig h e r  i n i t i a l  l e v e l s *  The f a c t o r  e f f e o t i n g  t h i s  in v e r s e  r e l a t i o n s h i p  

i s  o b s c u r e ,  b u t  i t  o p e r a te s  u n ifo r m ly  th ro u g h o u t  a n  e n t i r e  e x p e r im e n t .

The a v e ra g e  m a g n itu d e  o f  th e  t u b u l a r  r e a b s o r p t io n  r a t e  can  a l s o  

b e  d e te rm in e d  b y  a n  a n a l y s i s  o f  t h e  ty p e  o f  g ra p h  shown i n  F i g .  2*

I f  a  p e r p e n d ic u la r  i s  e r e c te d  a t  th e  t h r e s h o ld  l e v e l  on t h e  a b s c i s s a  

«nd e x te n d e d  t b  i n t e r s e c t  l i n e  B, t h e  l e n g t h  o f  th e  new l i n e  m easu red  

on t h e  o r d i n a t e  s c a l e ,  w i l l  r e p r e s e n t  t h e  m ag n itu d e  o f  maximum t u b u l a r  

r e c o v e r y  i n  te rm s  o f  mg* o f  hem og lob in  r e c o v e re d  p e r  m in u te*  A c tu a l 

v a lu e s  f o r  t h e  maximum r a t e  o f  t u b u l a r  r e c o v e ry  w ere  d e te rm in e d  by  

su ch  g r a p h ic a l  a n a ly s i  3 f o r  e ac h  e x p e r im e n t and a r e  r e c o rd e d  i n  colum n 

10  o f  T ab le  V* The ra n g e  o f  m ag n itu d e  w as found  t o  be from  0*90 t o  

3 .8 0  mg* p e r  m in u te  and t h e  mean v a lu e  2 .0 0  mg. p e r  m in u te *  E x c e p t 

f o r  t h r e e  i n s t a n c e s  a t  low  p lasm a  c o n c e n t r a t i o n s ,  and tw o a t  h ig h e r



TABLE V

Summary o f  D erived E xperim en ta l C o n stan ts

Dog Exp. I n i t i a l T o ta l r e n a l  e l im in a tio n ’’E s tim a te d 11 average  r a t e  o f  g lom er- ’’E s t . ”
Mo. plasm a u l a r  f i l t r a t i o n average

c o n e .o f Threshold Average H b ./C r. Hb. C r. H b ./C r. tu b u la r
Hb. max. c l e a r . c l e a r . r a t i o f i l t r a t i o n * f i l t r a t i o n c l e a r . r a t i o reco v ery

o f  Hb

1 2 3 4 5 6 7 8 9 10

mg . / 1 00 mg . / l o o oc./m in* c c ./m in . o c ./m in . mg ./m in .

38-11 1 235 100 2 .14 72 0.0298 1 .8 7
2 235 130 mm mm 2 .8 8 60 0 .0480 3 .8 0
3 275 90 — ---- 2 .1 4 60 0.0357 1 .95
4 390 125 ---- 1 .7 4 83 0.0210 2 .72
5 630 95 1 .0 7 0.0192 1 .83 65 0.0281 2 .6 0
6 700 140 0 .79 0.0134 1 .3 7 63 0.0217 2 .23
7 715 230 0 .6 9 0.0114 1 .0 6 61 0.0174 1 .3 0

38-229 8 192 77 3 .0 0 86 0.0349 2 .26
9 450 80 1 .52 0.0252 2 .3 0 66 0.0348 2.05

10 1320 140 1*03 0.0196 1 .38 58 0.0230 2 .0 0

38-262 11 330 110 2 .6 0 61 0.0426 3 .5 0
12 680 80 1 .36 0.0233 1 .8 4 67 0.0275 1 .6 8
13 1390 75 1 .14 0.0160 1 .1 4 70 0.0163 0 .9 0

38-264 14 480 80 1 .05 0.0124 1 .93 82 0.0235 1 .5 4

38-284 15 194 85 1 .39 0.0210 2 .38 69 0.0345 2 .0 0
16 530 85 1 .51 0.0264 2 .1 5 65 0.0331 1 .9 5
17 1160 130 1*44 0.0209 1 .4 0 70 0 .0200 1 .2 5

* C o rrec ted  f o r  Tm ( tu b u la r  a b s o r p t io n ) .  The v a lu e s  reco rd ed  a r e  th e  s lo p e s  o f  th e  l i n e s  w hich in  th e  e x c re t io n
ra te :p la sm a  c o n c e n tra tio n  graph o f  each  experim ent were o b ta in e d  in  a  manner s im i la r  to  l i n e  B in  Fig* 2 .
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c o n c e n t r a t i o n s ,  t h e  v a lu e s  l i e  w i th in  a  r e l a t i v e l y  n a rro w  ran g e#

Seme c o n f i r m a t io n  o f  t h i s  h y p o th e s i s  i s  s u p p l ie d  b y  t h e  e x p e r i ­

m e n ta l  d a t a  o f  B o g n ia rd  and  W hipp le  (2 )#  T hese  i n v e s t i g a t o r s  a c c u r ­

a t e l y  m e asu re d  t h e  in c r e a s e d  i r o n  c o n te n t  o f  th e  k id n e y s  o f  d o g s  

w h ic h  had  r e c e iv e d  m u l t i p l e  in t r a v e n o u s  i n j e c t i o n s  o f  known am ounts  

o f  h em o g lo b in *  I n  one d o g , w e ig h in g  7*5 k i l o s ,  w h ich  had  r e c e iv e d  

a  t o t a l  o f  31 gm# o f  h em o g lo b in  i n  sev en  d a i l y  i n j e c t i o n s ,  e a c h  

am o u n tin g  t o  625 mg* p e r  k i l o ,  t h e  a c t u a l  i r o n  in c r e a s e  above n o rm al 

w as a p p ro x im a te ly  18 mg* U sin g  th e  a v e ra g e  t u b u l a r  r e a b s o r p t io n  r a t e  

o b ta in e d  e x p e r im e n ta l ly  a s  a  b a s i s ,  t h e  i r o n  c o n te n t  o f  t h e  hemo­

g lo b i n ,  w h ich  w o u ld  h av e  b een  r e a b s o rb e d  b y  t h e  t u b u l e s  o f  t h i s  a n im a l 

i n  t h e  7 -d a y  p e r i o d ,  w as c a l c u l a t e d #  I f  a l l  t h e  i r o n  c o n ta in e d  i n  

t h i s  h em o g lo b in  had  rem a in ed  i n  t h e  r e n a l  e p i th e l iu m ,  t h e  i r o n  c o n te n t  

o f  t h e  k id n e y s  w o u ld  h av e  in c r e a s e d  by  somewhat o v e r  23 mg#

On th e  b a s i s  o f  t h e s e  d e d u c t io n s ,  i t  i s  p o s s ib l e  t o  s t a t e  p r e ­

c i s e l y  a  c o n c e p t o f  th e  m echanism  by  w h ic h  h em o g lo b in  u n d e rg o e s  r e n a l  

e x c r e t io n #  S in c e  t h e  a v e r a g e  h e m o g lo b in /c r e a t in in e  g lo m e ru la r  f i l t r a ­

t i o n  r a t i o  i n  t h e  dog  i s  a b o u t 0*030 (oolum n 9 ,  T a b le  V ), i t  i s  su g ­

g e s te d  t h a t  t h r e e  o f  e a c h  h u ndred  p o re s  i n  t h e  g lo m e ru la r  membrane 

a r e  l a r g e  enough  t o  p e r m i t  th e  p a s s a g e  o f  a  h em o g lo b in  m o le c u le #  As 

a  r e s u l t ,  t h a t  f r a c t i o n  o f  th e  p la sm a  w h ich  l o s e s  i t s  h em o g lo b in  b y  

f i l t r a t i o n  a t  t h e  g lo m e ru lu s  i s  3 p e r  c e n t  o f  th e  t o t a l  am ount f i l ­

t e r e d #  The p ro x im a l c o n v o lu te d  tu b u le s  r e c o v e r  hem oglob in  by  a  p r o c e s s  

o f  a t h r o c y t o s i s  a t  a  m axim al r a t e ,  w h ic h  h a s  a  mean v a lu e  o f  2 mg# p e r  

m in u te  (co lum n 1 0 , T a b le  V)# When m ore th a n  t h i s  amount o f  hem o g lo b in  

p a s s e s  th ro u g h  t h e  g lo m e ru la r  m em brane, h e m o g lo b in u ria  o c c u rs#  The 

f a t e  o f  t h e  p r o t e i n  m o ie ty  o f  t h e  re c o v e re d  hem oglob in  fo l lo w in g  i n -
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t r a c e l l u l a r  d i g e s t i o n ,  i s  unknow n, b u t  t h e  i r o n - c o n t a i n i n g  p ig m en t i s  

s t o r e d  f o r  f u t u r e  r e l e a s e  i n t o  h e m a to p o ie t ic  c h a n n e ls *

A lth o u g h  i t  i s  im p o s s ib le  t o  a s c e r t a i n  t h e  t r u e  n a tu r e  o f  th e  

p o r e s  i n  t h e  g lo m e ru la r  m em brane, i t  i s  n e c e s s a r y  t o  c o n s id e r  them  a s  

g ra d e d  i n  s i s e ,  a s  a r e  th o s e  o f  a n  a r t i f i c i a l  m em brane, i n  o r d e r  t o  

m ee t t h e  dem ands o f  t h e  e x p e r im e n ta l  d a ta *  The p o re  w a l l s  a r e  o o n - 

e e iv e d  a s  c a r r y in g  a n  e l e o t r o s t a t i c  c h a rg e  a s  a  r e s u l t  o f  w h ic h  th e  

e f f e c t i v e  d ia m e te r  o f  t h e  p o r e ,  w i th  r e s p e c t  t o  th e  p a s sa g e  o f  l a r g e  

c h a rg e d  m o le c u le s ,  may be s m a l le r  th a n  i t s  s t r u c t u r a l  d ia m e te r*  The 

v a l i d i t y  o f  t h i s  i n t e r p r e t a t i o n  i s  a t t e s t e d  b y  th e  f a c t  t h a t  t h e  p e r ­

f u s io n  o f  a  k id n e y  w i th  a  s o l u t i o n  c o n ta in in g  some s u r f a c e  a c t i v e  

s u b s ta n c e  su ch  a s  s a p o n in  r e n d e r s  th e  g lo m e ru la r  membrane c o m p le te ly  

p e rm e a b le  t o  p r o t e i n  m o le c u le s  a s  l a r g e  a s  h em o g lo b in  (2 1 )*  T h is  

phenom enon, w h ich  i s  common t o  t h e  g lo m e ru la r  a s  w e l l  a s  some a r t i f i c i a l  

m em branes, i s  r e v e r s i b l e  and i s  n o t  b e l ie v e d  t o  be  t h e  r e s u l t  o f  a  

ch an g e  i n  t h e  a c t u a l  s t r u c t u r a l  d im e n s io n s  o f  th e  p o re s *  T h a t t h e  

c h a rg e  on l a r g e  m o le c u le s  su ch  a s  h em og lob in  i s  a  d e te r m in in g  f a c t o r  

i n  t h e i r  p a s s a g e  th r o u g h  t h e  g lo m e ru la r  membrane h a s  a l s o  b e en  demon­

s t r a t e d  b y  t h e  f a c t  t h a t  t h e  pH o f  a  h e m o g lo b in -R in g e r’ s  s o l u t i o n  

p e r f u s e d  th r o u g h  t h e  k id n e y s  o f  f r o g s  m a rk e d ly  a f f e c t s  th e  r a t e  a t  

w h io h  h em o g lo b in  e s c a p e s  i n to  t h e  u r in e  (2 6 )*  I t  i s  v e ry  p o s s ib l e  

t h a t  t h e  d i f f e r e n c e  i n  th e  i s o e l e c t r i c  p o in t  i s  one o f  t h e  d e c id in g  

f a c t o r s  i n  t h e  n o rm al im p e rm e a b i l i ty  o f  t h e  g lo m e ru la r  membrane t o  

p la sm a  a lb u m in , and i t s  p a r t i a l  p e r m e a b i l i ty  t o  hem oglob in*

T h a t h em o g lo b in  p ro d u c e s  a  g lo m e ru la r  i n j u r y  m ust be  l a r g e l y  r u le d  

o u t ,  n o t  o n ly  b e c a u se  o f  th e  a b se n c e  o f  a n y  d e f i n i t e  p r o o f  o f  su ch  a n  

a c t i o n  i n  t h e  l i t e r a t u r e ,  b u t  a l s o  b e c a u s e  th e  h y p o th e s is  i s  incom —
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p a t i b l e  w i th  t h e  c o n s ta n c y  o f  t h e  t h r e s h o l d , t h e  r e g u l a r i t y  o f  th e  

h em o g lo b in  c le a r a n c e  c u r v e s ,  and t h e  f i n d i n g  o f  an  in v e r s e  r a t i o  b e ­

tw e en  t h e  am ount o f  h em o g lo b in  i n j e c t e d  and t h e  c le a r a n c e  r a t e .

The q u e s t io n  h a s  b e e n  r a i s e d  w h e th e r  t h e  h em o g lo b in  w h io h  e s c a p e s  

fro m  t h e  g lo m e ru lu s  i n  t h e s e  e x p e r im e n ts  i s  n o t  d i s s o c i a t e d  hem o g lo b in  

w i t h  a  m o le o u la r  w e ig h t  s m a l le r  th a n  6 8 ,8 0 0 . Such an  a s s u m p tio n  i s  

im p ro b a b le  i n  v iew  o f  t h e  d r a s t i c  c o n d i t io n s  r e q u i r e d  f o r  h em o g lo b in  

d i s s o c i a t i o n  ( 2 5 ) .

A lth o u g h  t h e  g lo m e ru la r  membrane h a s  b e e n  shown to  beh av e  i n  many 

r e s p e c t s  a s  a  m e c h a n ic a l f i l t e r ,  i t  m u st b e  b o rn e  i n  m ind t h a t  i t  i s  

a  l i v i n g  s t r u c t u r e  and  t h a t  i t s  u l t i m a t e  i n t e g r i t y  i s  u n c o n d i t i o n a l ly  

d e p e n d e n t upo n  t h e  l i v i n g  s t a t e .  I t  i s  n o t  im p ro b a b le  t h a t  t h e  a p p l i ­

c a t i o n  o f  t h i s  e x p e r im e n ta l  te c h n iq u e  to  t h e  e x c r e t i o n  o f  o t h e r  l a r g e  

m o le c u le s  o f  v a r y in g  s i z e  w i l l  m ore f u l l y  r e v e a l  a  g ra d e d  g lo m e ru la r  

p o re  s i z e .

SUMMARY AND CONCLUSIONS

S im u lta n e o u s  h em o g lo b in  and c r e a t i n i n e  r e n a l  c le a r a n c e  s t u d i e s  

hav e  b e e n  p r e s e n te d  v ii io h  i n d i c a t e  t h a t  h em o g lo b in  i s  e l im in a te d  b y  

t h e  k id n e y  a t  a  r a t e  w h ich  i s  3 p e r  c e n t  o f  th e  c r e a t i n i n e  c l e a r a n c e ,  

ab o v e  a  p la sm a  h em o g lo b in  c o n c e n t r a t io n  o f  a p p ro x im a te ly  250 m g. p e r  

100  c c .  I n  dogs w hose a v e ra g e  g lo m e ru la r  f i l t r a t i o n  r a t e  i s  66 o c .  

p e r  m in u te ,  a b o u t  2 c c .  o f  p lasm a  a r e  c l e a r e d  o f  hem og lob in  p e r  

m in u te  .

A d e f i n i t e  r e n a l  th r e s h o ld  e x i s t s  f o r  hem o g lo b in  a t  a  p lasm a  co n ­

c e n t r a t i o n  o f  a b o u t  100 m g. p e r  100 c o . ,  below  w h ich  h e m o g lo b in u r ia  

d o e s  n o t  o c c u r .
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The u n i f o r m i ty  o f  t h e  p r o c e s s  i n d i c a t e s  t h a t  h e m o g lo b in u r ia  i s  

n o t  t h e  r e s u l t  o f  a  t r a n s i e n t  g lo m e ru la r  i n j u r y  in d u c e d  b y  th e  hemo­

g lo b in *

I t  i s  t e n t a t i v e l y  s u g g e s te d  t h a t  t h e  e x p e r im e n ta l  r e s u l t s  o b ta in e d  

may be  i n t e r p r e t e d  i n  te rm s  o f  t h e  f o l lo w in g  c o n c e p t .  The g lo m e ru lu s  

p e r m i t s  t h e  f i l t r a t i o n  o f  hem o g lo b in  i n  am ounts d i r e c t l y  d e p e n d e n t 

up o n  p la sm a  c o n c e n t r a t io n *  H ow ever, o n ly  3 p e r  c e n t  o f  a l l  t h e  p o r e s  

o f  t h e  membrane a r e  e l e c t r o s t a t i c a l l y  l a r g e  enough t o  p e rm it  th e  

p a s s a g e  o f  a n  u n d i s s o c i a t e d  h em o g lo b in  m o le c u le *  Of t h a t  h em o g lo b in  

w h io h  p a s s e s  down t h e  t u b u l e ,  a  r e l a t i v e l y  c o n s t a n t  th o u g h  sm a ll 

am ount i s  r e c o v e re d  b y  t h e  t u b u l e s  by  a  p r o c e s s  n o t  u n l ik e  t h a t  o f  

p h a g o c y to s is  fo u n d  e ls e w h e re  i n  t h e  body# An a v e ra g e  v a lu e  f o r  t h i s  

" a t h r o c y t i c w c a p a c i t y  i n  a  m e d iu m -s ise d  dog i s  2 m g. o f  h em og lob in  p e r  

m in u te *  T h is  p a t t e r n  o f  r e n a l  h em o g lo b in  e x c r e t i o n  i s  i n  a g re em e n t 

w i th  t h e  p r i n c i p l e s  o f  t h e  m odern th e o r y  o f  k id n e y  f u n c t io n #
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