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ABSTRACT 

A g e n e r a l  f o r m u l a t i o r l  i n  t e r m s  of t h e  mass t r a n s p o r t  

e q u a t i o n  i s  p r o v i d e d  f o r  t h e  loop  o f  Henle  mechanism which 
L 

t a k e s  i n t o  a c c o u n t  t r a n s p o r t  t h r o u g h  t h e  p e r i t u b u l a r  space  

and d i f f u s i o n .  I t  is  shown t h a t  as  one a p p r o x i m a t i o n  t h e  

r e s u l t s  o f  Kuiln and Ramel a r e  o b t a i n e d  b u t  w i t h  a term t h a t  

depends on t h e  r a t i o  o f  t h e  sodium p e r m e a b i l i t i e s  o f  t h e  t u b e s .  
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The coun t e r cu r ' r en t  mechanism of  t h e  loop o f  Ilenle h a s  

been d i s c u s s e d  by Xuhn and Ramcl (1)  who formula ted  t h e i r  I 
i 

c l a s s i c  a n a l y s i s  i n  te rms of c e r t a i n  a d  hoc thermodynamic 

assumpt ions  abou t  s t e a d y  s t a t e  t r a n s p o r t  th rough  membranes. 

These a u t h o r s  a l s o  n e g l e c t  t h e  e f f e c t  o f  d i f f u s i o n  on t h e  

t r a n s p o r t  o f  i o n s .  The purpose  of  t h e  p r e s e n t  b r i e f  r e p o r t  

i s  t h a t  o f  showing how a  more r i g o r o u s  and s t r a i g h t f o r w a r d  

development is  p o s s i b l e  proceeding d i r e c t l y  from t h e  c l a s -  

s i c a l  mass t r a n s p o r t  e q u a t i o n s ,  t h e  a p p r o p r i a t e  boundary I 

c o n d i t i o n s  and t h e  assumpt ion o f  a  l i n e a r  ion  pum? i n  t h e  

ascend ing  t u b u l e .  T r a n s p o r t  i n  t h e  p e r i t u b u l a r  space  i s  
i 

a l s o  i nc luded  i n  t h e  a n a l y s i s  g iven  h e r e .  Khi le  a g e n e r a l  1 

a n a l y t i c a l  s o l u t i o n  t o  t h e  r e s u l t i n g  e q u a t i o n  i s  no t  g i v e n ,  I 

i t  i s  shown t h a t  as one approx imat ion  t h e  b a s i c  e x p r e s s i o n  
b 

o f  Kuhn and Ramel r e s u l t .  However, t h e  p r e s e n t  f o rmu la t i on  
I 

emphasizes t h e  impor tance  of  t h e  r a t i o  o f  t h e  sodium p e r -  , i 

m e a b i l i t i e s  o f  t h e  ascend ing  t o  t h a t  o f  t h e  descending t u b u l e .  

A model of t h e  l oop  o f  Henle il: t h e  v i c i n i t y  of  t h e  bend 1 
I 

is  shown i n  F igu re  1. For purposes  o f  geomet r i c  s i m p l i c i t y  

t h e  t u b u l e  of l e n g t h  h ,  wid th  w and t h i c k n e s s  q i s  assumed I 
t o  have  a r e g t a n g u l a r  c r o s s  s e c t i o n .  The d i s t a 'nce  between 

I 



t h e  descending and ascend ing  t u b u l e  i s  d.  The u r i n a r y  f low 
- 

v e l o c i t y  i n  t h e  l oop  o f  Henle,  v ,  may t o  a  good approximation 

be cons ide r ed  a s  c o n s t a n t  i n  magnitude w i t h  a  con~ponent on ly  1 
I 

i n  t h e  y  d i r e c t i o n ,  b u t  w i t h  a  p o s i t i v e  s i g n  i n  t h e  descending I ,  

I I 
I .  

loop and a n e g a t i v e  s i g n  i n  t h e  ascend ing  loop .  I 

I 

Fo r  t h e  p r e s e n t  purposes  we s h a l l  o n l y  cons ide r  t h e  t r a n s -  I .  
, 

p o r t  o f  sodium i o n  s i n c e  i t  i s  unders tood  t h a t  t h e  an ion  w i l l  
i 

move p a s s i v e l y  i n  such  a way a s  t o  a c h i e v e  charge  n e u t r a l i t y .  I I 
The c o n c e n t r a t i o n  o f  sodium i o n  w i l l  be r e p r e s e n t e d  by Ci(x,y,z)  

where t h e  s u b s c r i p t ,  i ,  may assume t h e  v a l u e s  1, 2 ,  and 3 des -  

i g n a t e  r e s p e c t i v e l y  t h e  c o n c e n t r a t i o n  i n  t h e  descending t u b u l e ,  I '  
t h e  p e r i t u b u l a r  s p a c e  and t h e  ascending t u b u l e .  Transpor t  i s  

cons ide r ed  t o  occur  o n l y  a t  t h e  i n t e r i o r  f a c i n g  s u r f a c e s  a t  

x = q  and x = q + d .  

I n  g e n e r a l ,  f o r  a  sodium f l u x  J t aken  p o s i t i v e  i n  t h e  

d i r e c t i o n  o f  t h e  ou tward ly  drawn normal,  we have under s t e a d y  

s t a t e  c o n d i t i o n s  I 

v . J  = o (1) I ! 

I 
The f l u x  v e c t o r  a s s o c i a t e d  w i t h  t h e  t u b u l e  must t a k e  i n t o  

account  t r a n s p o r t  due t o  f low and d i f f u s i o n  s o  t h a t  ; I  
3 = CV - DVC 

where D i s  t h e  d i f f u s i o n  c o n s t a n t  r ega rded  a s  independent  

o f  p o s i t i o n .  The d i f f u s i o n  equa t i on ,  which must be so lved  

f o r  each of  t h e  t h r e e  r e g i o n s ,  is 

w i t h  v = 0 i n  t h e  y e r i t u b u l a r  space.  The t h r e e  s o l u t i o n s  
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neg lec t ed )  g i v e s  t n e  r e s u l t ,  w i th  boundary condi t ion  C = c3 a t  1 
t h e  bend, 

- 
c l ( r )  = C3(y) = C1(0) exp 

. . 
where  C(0) is C1 (y) a t  y=O. b 

Thi s  r e s u l t  is  i n  t h e  form ob ta ined  by Kuhn and Ramel, 

showing t h a t  t h e  i n c r e a s e  i n  sodium concen t r a t i on  w i l l  occur 

i f  t h e r e  i s  a c t i v e  t r a n s p o r t  a c ros s  t h e  ascending tubule wall .  

This i n c r e a s e  a l s o  depends on t h e  f low v e l o c i t y  i n  the  tubules  

a s  w e l l  a s  on t h e  r a t i o  o f  t h e  sodium permeabi l i ty  of the  

descending t o  t h a t  o f  t h e  ascending tubu le .  However i t  i s  worthy 

f P1/P3 <<  1 t h e n  accord ing  t o  (13) t h e r e  should b e  l i t t l e  

dependency on t u b u l e  p e r m e a b i l i t i e s .  
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