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A T h e o r e t i c a l  C o n s i d e r a t i o n  of  the  I n t e r a c t i o n  of  
Ant id iure t i c  H o r m o n e s  and  S o d i u m  R e t a i n i n g  

H o r m o n e s  in the  K i d n e y  

T h e  t r a n s f e r  of N a  a n d  w a t e r  across  f rog sk in  h a s  b e e n  
s t u d i e d  in  some  d e t a i l  a n d  i t  s e e m e d  poss ib le  t h a t  t h e  
r e n a l  t u b u l a r  p rocesses  m i g h t  be  n o t  e n t i r e l y  d i s s imi la r  
A m o d e l  ' r e n a l  t u b u l e '  is  p r o p o s e d  in  w h i c h  t h e  p e r m e a -  
b i l i t y  of t h e  t u b u l e  wal l  t o  w a t e r  w o u l d  b e  i n c r e a s e d  in  
t h e  p r e s e n c e  of a n t i - d i u r e t i c  h o r m o n e  (A.D.H. )  a n d  in  
w h i c h  s o d i u m  r e a b s o r p t i o n  wou ld  be  a n  a c t i v e  process ,  as 
e n v i s a g e d  b y  UssnqG a n d  Z~I~Anlqx, c o n t r o l l e d  b y  a 
s o d i u m  r e t a i n i n g  h o r m o n e  (S .R .H . ,  pos s ib ly  a m i n e r a l o -  
cor t ico id) .  W e  do n o t  p r opos e  to  d i scuss  t h e  m o r p h o l o g y  
of t h e  r e n a l  t u b u l e  or  of i t s  r e a b s o r p t i v e  processes ,  W e  
will a s s u m e  t h a t  t h e  f a c t o r s  c h a r a c t e r i z i n g  t h e  r e a b s o r p -  
t i o n  of w a t e r  a n d  s o d i u m  a re  c o n s t a n t  o v e r  t h e  w h o l e  
l e n g t h  of  t h e  t u b u l e .  I n  t h i s  case  i t  m a y  be  s h o w n  t h a t  
t h e  a b o v e  s y s t e m  is a n a l o g o u s  to  a t a n k  of  sa l ine  d i v i d e d  
i n t o  t w o  c o m p a r t m e n t s  A a n d  B b y  a m e m b r a n e  per-  
m e a b l e  to  b o t h  s o d i u m  a n d  w a t e r  in one  d i r e c t i o n  a n d  
i m p e r m e a b l e  to  b o t h  in t h e  o p p o s i t e  d i rec t ion .  T h e  
p e r m e a b i l i t y  of t h e  m e m b r a n e  to  w a t e r  is c o n s i d e r e d  to  
b e  c o n t r o l l e d  b y  A .D .H . ,  a n d  t h e  t r a n s f e r  of N a  to  de-  
p e n d  u p o n  t h e  a c t i v i t y  of a s o d i u m  p u m p  ( con t ro l l ed  b y  
S .R .H . )  a c t i n g  ac ross  t h e  m e m b r a n e .  
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Fig. I a.--Representing Na and water fluxes betweeu two compart- 
ments, A and B, separated by a membrane whose perlneabilities to 
Na and water are GNa and Gw respectively. SA is the quantity of 

sodium in A ; VA the volume of water in A. 
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Fig. 1 b,-- Representing a simplified model of a renal tubule whose 

reabsorptive properties are uniform over the whole of its length. 

I n  t h e  a b s e n c e  of forces  ac ross  t h e  m e m b r a n e  o t h e r  
t h a n  t h o s e  due  t o  d i f f e rence  in  s o d i u m  c o n c e n t r a t i o n  

x H. H. USSlNO and K. ZERAnN, Aeta physiol, scand. Z3, 110 
(1956). 

b e t w e e n  c o m p a r t m e n t s  A a n d  B we h a v e :  

F o r c e  t e n d i n g  to  t r a n s f e r  N a  f r o m  ,4 t o  B 

sA(t) sn(t) 
~- K Ln VA(t~-) -- Ln VB(t) J 

a n d  force t e n d i n g  to  t r a n s f e r  w a t e r  f r o m  A to  B 

{ SB(t) . SMt) } 
= I£ Ln VB(t) Ln -V--A~I-) " 

T h u s  t h e  f luxes  of s o d i u m  a n d  w a t e r  iNa a n d  iw respec- 
t ive ly ,  a re  g i v e n  b y :  

i N a =  

iw = 

SA(t) SB SA SB } /4 Ln-v-A(ty --  L n ~  GNa if -j2 A >  VB ; 

o if S--!A < s___ff_B. 
VA VB 

SB SA(t) I SB Sn 
Ix" L n - ~ ; B - - L n  V ~ G w  if -VB-- ~>VAA " 

SA o i f  S__~B K _ _  " 
VB VA 

T h e  s y s t e m  

(1) 

(2) 

t e n d s  to  a n  e q u i l i b r i u m  c o n d i t i o n  in  which  

V-A - ~ VB 

w h a t e v e r  t h e  i n i t i a l  c o n c e n t r a t i o n  in  d .  

I n  t h e  p r e s e n c e  of ENa a n d  _P t h e  e q u a t i o n s  (1) a n d  (2) 
d e f i n i n g  s o d i u m  f lux  a n d  w a t e r  f lux  b e c o m e :  

lENa  + K { L n  SA(t) -- SB L n ~ B }  ] gNa 

-~A (t) L n  ~ B  > 0 ; iNa = if ENa + K Ln VA(t) 

iu, = 

SA(t) SB } 
0 if ENa + K Ln VA(t) Ln ~ K 0 ; (3) 

[ P - - K { L n S A ( t )  _ SB L n ~ } ]  Gw 

[ { }] if P - - K  Ln VA(t---'~ -- L n ~  > 0 ;  

0 if 

r e spec t ive ly .  

P -- K {Ln SA (t) SB 
VA(I) Ln-VB-}] ~ 0 (4) 

Table I. 

VA (t) Volume of water in compar tment  A a t  t ime t. 
VB(t) Volume of water in compar tmen t  B a t  t ime t. 
SA(t) Quant i ty  of sodium in compar tment  A a t  t ime t. 
SB(t) Quant i ty  of sodium in compar tment  B a t  t ime t. 
GNa Membrane permeabil i ty to sodium in direction A - + B  

assumed independent  of flux. 
Gw Membrane permeabil i ty to water in direction A--~B 

assumed independent  of flux. 
iNa Sodium flux in direction A---~ B. 
iw Water  flux in direction A---~B. 
ENa Electromotive force developed by  the membrane  sodium 

pump in direction d to B. 
P Force favouring water t ransfer  in  direction d to B (e.g. 

hydrostat ic  pressure difference). 

Fur ther  let VB >~ VA so t ha t  the error in taking VA + VB = VB 
may be neglected, 
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Table II .  Values oi constants and parameters.  

a SA/VA in the steady state. 
Gw is a parameter:  with a NaC1 ratio of 1:10 across frog- 

skin, the water flux is about 10 lal/cmZ/h. 
(KoEFOED-JOHNSON and USSING, 1953; CAPRARO and 8 
GARAMPI. 1956). From these figures. Gw may be ex- b 
expressed as a membrane conductivity of m 
4.6 x 10 -8 mI/s/cm2/mV. "" 4 

< q 
t~  presence of A. D. H. Gw may be more than doubled. _o "~m 2 

ENa is a parameter:  UGSlNG and ZERAHN (1951) give values ~ 1 
Of about  70 mV for frog-skin. 0-5 

K is a constant  and = R T/nF where n = 1 and is taken _~ 
as 26-6 mV. ~ 0'2 

GNa is the same as hNa used by USSING and ZERAtlN (1951) E 
and is equal to 6.2 x 10 -~ mEq/s[cm$/mV. 

P is a I~arameter of the system given, for convenience, in 
millivolts, u 

I t  m a y  be s h o w n  t h a t  if e i t he r  or  b o t h  P a n d  ENa ;> 0 
no equ i l ib r ium cond i t i on  ex is t s  b u t  t h a t  a s t e a d y  s t a t e  
exists in w h i c h  iw a n d  iNa t ake  non-zero values  such  t h a t  

sa(t)  
vA (t) 

remains c o n s t a n t .  I n  th i s  case  i t  m a y  be  s h o w n  t h a t  

iNa SA 
iw Va ~ '  (5) 

where ~ is a c o n s t a n t .  

Hence  e l i m i n a t i n g  iNa a n d  i~ b e t w e e n  e q u a t i o n s  (3), 
(4) and  (5) we  h a v e  

SA (t) SB O~ P Gw-ENa GNa 
L~ V--3~=L"V# + K{G.~+~C~} (6) 

which def ines  t h e  s t e a d y  s t a t e .  
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Fig. 2a.--The effect of P upou tile steady-state concentration ratio 
between A and B (CA/CB), plotted as a function of Gw with ENa 

= 20 mV. 

p l o t t e d  as a f u n c t i o n  of Gw w i t h  ENa a n d  P as p a r a -  
meters ,  t h a t  t he  c o n c e n t r a t i o n  ra t io  across  t h e  m e m b r a n e  
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Fig. 2b.--The effect of P upon the steady-state concentration ratio 
between A and B {CA]CB)~ plotted as a function of Gw with ENa 

= 50 mV. For details of parameters in these figures, see text. 

in t he  s t e a d y  s t a t e  is, for any  given P ,  a f u n c t i o n  of b o t h  
ENa and  Gw. This  is the  p h e n o m e n o n  of i n t e r ac t ion .  

A t h o r o u g h  e x a m i n a t i o n  of e q u a t i o n  (6) revea ls  f ac t s  
which  m a y  be shown  to  co r r e spond  to  c e r t a i n  p h y s i o -  
logical f ind ings  as d iscussed be low:  

(1) I f  s o d i u m r e a b s o r p t i o n  (ENa) be r e d u c e d ,  t h e  
e q u a t i o n  revea ls  t h a t  t h e  cond i t ion  f avour s  i nc r ea sed  
w a t e r  excre t ion .  This  is e v i d e n t  in  t h e  case  of mercu r i a l  
d iu re t i cs  *. 

(2) W h e n  w a t e r  r e a b s o r p t i o n  i s  r e d u c e d  (e.g. Gw is 
r e d u c e d  due  to  fall of A.D.H.  level) s o d i u m  exc re t i on  m a y  
be  increased ,  as is found in w a t e r  d iures is  or h y p o t o n i c  
sal ine diuresis  a. 

(3) I f  b o t h  A .D.H,  and  S .R ,H .  are  dec reased  (so t h a t  
Gw and  ENa are b o t h  low) ne i ther  p i t r ess in  nor  a mine ra l -  
ocor t icoid ,  a d m i n i s t e r e d  separa te ly ,  would  be e x p e c t e d  
g rea t ly  to  mo d i f y  the  p a t t e r n  of excre t ion .  This  a p p e a r s  
to  be  t h e  case in iso and  h y p e r t o n i c  sal ine diuresis ,  w h e r e  
t he  inc reased  wa te r  excre t ion  is n o t  s ign i f i can t ly  in- 
h ib i t ed  e i t he r  b y  p i t ress in  or b y  d e o x y c o r t i c o s t e r o n e  
es te rs  4. 

D. F. COLE a n d  J.  F. MEREDITH 

Department o] Medicine and Department o/ Electrical 
Engineering, King's College, Newcastle upon Tyne,  Eng- 
land, June  9, 1956. 

Zusammen/assung 

In  d ieser  A r b e i t  ist  e ine Theor ie  de r  N i e r e n f u n k t i o n  
en tw icke l t  worden ,  welche  eine W e c h s e l b e z i e h u n g  zwi- 
schen  den  a n t i d i u r e t i s c h e n  u n d  n a t r i u m r e t e n d i e r e n d e n  
H o r m o n e n  aufzeig t .  D u t c h  diese  T h e o r i e  w e r d e n  e inige  
b i she r  n i c h t  ve rs tAndl iche  Ph~inomene  de r  Nie ren-  
phys io logic  erkl~r t .  

I t  m a y  be  seen  f r o m  t h e  F igu res  2a a n d  2b, wh ich  are 
graphs of 

Sx/Va 
SBJVB 

2 R. F. PITTS and O. W. SARTORIUS, Pharmacot. Rev. 2, 161 
(1950). 

a D. F. COLE, in preparation. 
4 W. J. O'CoNNoR, Quart. J. exper. Physiol. 40, 237 (1955). - 

D. F. COLE, Acta endocrin. (Kbh) 19, 397 (1955). 


