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Albumin Permeability Times Surface Area (PS) Product of Peritubular Capillaries in Kidney 

I n  1964, RENKIN 1 p roposed  a fo rmula  for q u a n t i t a t i v e  
e s t i m a t i o n  of cap i l l a ry  p e r m e a b i l i t y :  

R 
PS = L �9 1 ~  (1) 

where  P (cm/sec) is pe rmeab i l i t y ,  S (cm e) is cap i l l a ry  
surface  area,  L (ml/sec) is l y m p h  flow f rom u n i t  v o l u m e  of 
t i ssue  and  R is t he  r a t io  of c o n c e n t r a t i o n s  in  l y m p h  over  
p l a s m a  of t h e  s u b s t a n c e  u n d e r  s tudy .  The  P S  p r o d u c t  
(ml/sec) r ep resen t s  t h a t  v o l u m e  of p l a s m a  wh ich  gives 
up  i ts  c o n t e n t  of t he  p a r t i c u l a r  solute  to  i n t e r s t i t i a l  
f luid pe r  u n i t  t ime,  a n d  is given,  as a rule, as a va lue  for 
100 g t issue.  I n  de r iv ing  th i s  fo rmula .  RE,KIN cons idered  
3 processes t h a t  c o n t r i b u t e  to  t he  f o r m a t i o n  of l y m p h :  
a) Bu lk  f i l t r a t i on  f rom and  b) b u l k  r e a b s o r p t i o n  in to  t he  
capil lar ies ,  a n d  c) d i f fus ional  exchange  be t w een  p l a s m a  
a n d  i n t e r s t i t i a l  f luid.  S impl i fy ing  a s s u m p t i o n s  were 
in t roduced ,  and  i t  is impl ic i t  in f o r m u l a  (1) t h a t  d i f fus ion 
is t he  p r inc ipa l  m e c h a n i s m  of t r a n s p o r t  be t w een  capi l la ry  
a n d  in t e r s t i t i a l  spaces. B y  s u b s t i t u t i n g  t he  fol lowing 
q u a n t i t a t i v e  e s t ima tes  o b t a i n e d  in n o n - h y d r a t e d  dogs 
in to  fo rmula  (1) : t o t a l  rena l  l y m p h  flow = L = 0.005 m l /  
sec pe r  100 g k i d n e y  2, and  R = 0.5 a, we ca lcu la te  a P S  
va lue  of 50 • 10 .4 ml /sec  pe r  100 g k idney .  Since r ena l  
l y m p h  or ig ina tes  m o s t l y  f rom t he  cor t ica l  region ~,5, 
th i s  f igure  should  cha rac te r i ze  p r i m a r i l y  t he  p e r i t u b u l a r  
capi l lar ies  in t he  k idney .  

Owing to t he  un ique  f luid c i rcu la t ion  in t he  lddney ,  
i t  a p p e a r e d  ques t i onab l e  w h e t h e r  RENKIN'S f o rmu la  
could be  app l ied  to  t h i s  organ.  T he  m a j o r  p o i n t s  to  
cons ider  were t h a t  1. a long  the i r  en t i r e  l e n g t h  t he re  is a 
large ne t  inf low of t u b u l a r  r e a b s o r b a t e  in to  t he  peri-  
t u b u l a r  capi l lar ies  and  2. a free d i f fus ion of macro -  
molecules  b e t w e e n  capi l lar ies  a n d  i n t e r s t i t i u m  m a y  be  
modi f ied  b y  th i s  b u l k  flow. I t  seemed u n c e r t a i n  w h e t h e r  
t he  s impl i fy ing  a s s u m p t i o n s  i nvoked  b y  RENKIN for o the r  
t i ssues  were equal ly  app l icab le  to  t h e  k idney.  W e  h a v e  
used a s u p p l e m e n t a r y  m e t h o d  in der iv ing  t h e  P S  p r o d u c t  
for  the  rena l  p e r i t u b u l a r  capi l lar ies  to  a lbumin ,  based  on a 
k ine t ic  ana lys i s  of t h e  i n t e r s t i t i a l  a l b u m i n  pool. W e  
cons idered  t h a t  t he  i n t e r s t i t i a l  pool  of a l b u m i n  in t he  
k idney ,  M (g), is in  a s t a t e  of t u r n o v e r  because  t h e r e  is a 
c o n t i n u o u s  f lux  of a l b u m i n  t h r o u g h  t h e  pool,  as molecules  
en t e r  f rom the  capi l lar ies  and  leave t h r o u g h  t he  l y m p h  and,  
possibly,  b y  way  of r e t u r n  in to  t h e  cap i l l a ry  b lood I n  
s t e a d y  s t a t e  the  fol lowing fo rmula  appl ies  5, v 

of dogs t h a t  r ece ived  no  f luid load  was 7.0 ~: 1.0 (SEM) 
ml /100 g t i ssue  s. In  an ima l s  u n d e r  s imi la r  e x p e r i m e n t a l  
cond i t ions  t h e  m e a n  t r a n s i t  t i m e  of a l b u m i n  f rom p l a s m a  
to  rena l  l y m p h  was  24.5 :k 1.6 (SEM) m i n  for  capsu la r  
a n d  h i l a r  l y m p h a t i c s  s tud ied  s e p a r a t e l y  a n d / o r  s imu l t a -  
neously" ,  5. B y  s u b s t i t u t i n g  these  f igures we o b t a i n  a 
va lue  of 48 • 10 -4 ml /sec  pe r  100 g t i ssue  w h i c h  is essen- 
t i a l ly  t he  same  as t h a t  ca lcu la ted  b y  u s i n g  fo rmula  (1) 
a n d  is c o m p a r a b l e  to  a P S  p r o d u c t  found  b y  GARLICt{ 
a n d  RENKIN ~~ in dog paws  a f t e r  exposure  to  45~ 
t e m p e r a t u r e .  

This  value,  a l t h o u g h  high,  is in accord  w i t h  o t h e r  
ava i l ab le  in fo rma t ion .  Morphologica l  ev idence  shows t h a t  
t he  s t r u c t u r e  of the  rena l  p e r i t u b u l a r  capi l lar ies  is 
c o m p a t i b l e  w i t h  a h igh  p e r m e a b i l i t y  to  macromolecu les  11. 
I t  is also p e r t i n e n t  t h a t  a large p r o p o r t i o n  of t he  per i -  
t u b u l a r  capi l lar ies  is c o n t i n u o u s l y  open  and  func t i on ing  
in c o n t r a s t  to  capi l lar ies  in  m a n y  o the r  t issues.  R e c e n t  
e x p e r i m e n t s  h a v e  also i nd i ca t ed  t h a t  in a n e s t h e t i z e d  
and  immobi l i zed  dogs a p p r o x i m a t e l y  40% of t he  thorac ic  
d u c t  l y m p h  flow was der ived  f rom b o t h  k idneys  2, a 
f ind ing  t h a t  p o i n t s  to  a r e l a t ive ly  h igh  r a t e  of d ra inage  of 
e x t r a v a s a t e d  p l a s m a  p ro t e ins  f rom th i s  organ.  

A l t h o u g h  en t i r e ly  d i f fe ren t  a s s u m p t i o n s  are  impl ic i t  
in  b o t h  ca lcu la t ions  of t h e  P S  p roduc t ,  t h e  resu l t s  are  
nea r ly  ident ica l .  I t  seems, therefore ,  t h a t  RENKIN'S 
fo rmula  for macromolecu les  m a y  be va l ied  b e y o n d  t he  
d o m a i n  of t he  a s s u m p t i o n s  t h a t  were m a d e  expl ic i t  in  
i ts or ig inal  de r iva t ion .  

R&umd. La  perm6abi l i t6  g l ' a l b u m i n e  des va i s s eaux  
capi l la i res  Iu t  caract6r is6e p a r  le p r o d u i t  P S  de RENKIN 1. 
Cet te  mesure  fur  o b t e n u e  p a r  une  ana ly se  d y n a m i q u e  
de la q u a n t i %  d ' a l b u m i n e  c o n t e n u e  dana  lea in te r s t i ces  
de la zone cor t ica le  du  rein.  
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PS .Cp . 7 =  M (2) 

(where c~ s t a n d s  for  t h e  a r t e r i a l  p l a s m a  c o n c e n t r a t i o n  of 
a lbumin )  i.e. t h e  f lux  of a l b u m i n  mul t ip l i ed  b y  t he  m e a n  
t r a n s i t  t i m e  of a l b u m i n  molecules  t h r o u g h  t he  pool  equals  
t he  q u a n t i t y  of a l b u m i n  in t h e  pool. I t  follows t h a t  

M 1 
P S ~ - -  7 

Here  M/c2o is t h e  d i s t r i b u t i o n  space of e x t r a v a s c u l a r  
a lbumin .  

In ear l ier  e x p e r i m e n t s  we h a v e  m e a s u r e d  t h e  q u a n t i t i e s  
on  t he  r i g h t  h a n d  side of t h e  las t  equa t ion .  T he  ave rage  
va lue  of t he  e x t r a v a s c u l a r  a l b u m i n  space  in rena l  cor tex  
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