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Effect of extraeellular fluid volmne expansion with isotonic saline in 
9 sham operated and 8 acutely hypophyseetomized dogs on arterial 
blood pressure (BP), urine output (V), urinary sodium concentration 
(Usa) and excretion (UNaV) and on gloinerular filtration rate (GFR) 

Period Time (min) I I I  
Non-hypox (n -- 9) Hypox (n = 8) P 

BP (torr) 

1 0- 30 126.67 -h 2.50 113.13 :k 5.97 < 0.05 
2 30- 60 123.89 i 2.86 111.88 4- 7.13 ns 
3 60- 70 127.22 ~= 4.57 114.38 -[- 7.82 ns 
4 70- 80 126.11 i 4.70 113.75 • 8.22 ns 
5 80- 90 121.67 ~ 3.23 110.37 ~2 9.15 ns 
6 90-100 116.67 4- 3.54 112.86 -b 7.06 ns 
7 100-110 115.56 J_ 4.03 110.00 ~ 7.94 ns 
8 110-120 112.78 4- 4.09 105.71 • 9.54 ns 
9 120 130 113.57 • 6.05 96.67 -c 8.63 ns 

V (ml min -x) 

1 0- 30 0.25 i 0.06 0.27 ~ 0.07 us 
2 30- 60 0.31 i 0.12 0.34 4- 0.10 ns 
3 60- 70 3.81 i 0.80 2.69 i 0.46 ns 
4 70- 80 11.34 i 1.75 8.34 :k 1.76 ns 
5 80- 90 14.23 4- 1.39 11.03 :~ 1.92 ns 
6 90-100 12.25 q- 1.33 9.32 • 1.18 ns 
7 100-110 8.92 • 1.18 7.45 i 1.01 ns 
8 110-120 6.87 ~= 0.84 6.22 j_ 0.72 ns 
9 120-130 4.99 ~_ 0.90 5.53 ~ 0.79 ns 

UNa (Inval 1 l) 

1 0 30 96.33 ~ 29.65 18.00 + 5.05 < 0.05 
2 30- 60 100.78 ~_ 42.86 17.75 • 5.90 ns 
3 60- 70 133,00 4- 12.54 54.12 ~- 14.55 < 0.01 
4 70- 80 129.00 4- 7.07 69.00 • 9.62 < 0.001 
5 80 90 109.89 • 7.09 64.00 + 8.49 < 0.001 
6 90-100 107.89 :t: 10.95 50.14 • 9.49 < 0.01 
7 100 110 108.78 ~ 10.99 37.14 • 8.97 < 0.001 
8 110-120 115.67 ~_ 12.90 30.71 • 7.01 < 0.05 
9 120 130 111.57• 1 5 . 3 6  29.00• 9.92 <0.01 

UNaV (bzval min -1) 

1 0- 30 28.44 4- 11.49 4.31 • 1.33 ns 
2 30 60 39.22 ~_ 20.37 3.36 j= 0.83 ns 
3 60- 70 506.33 ~2 102.48 153.00 4- 59.71 < 0.05 
4 70 80 1423.78 • 209.35 584.00 • 175.13 < 0.01 
5 80- 90 1585.67 :k 225.64 751.25 • 183.80 < 0,05 
6 90 100 1297.67 • 200.51 493.71 -k 112.53 < 0.01 
7 100-110 940.89 • 171.77 295.29 • 97.98 < 0.01 
8 110 120 757.78 ~ 133.53 192.29-k 49.35 % 0.01 
9 120-130 496.57 • 69.98 162.83 i 53.23 < 0.01 

GFR (Inl rain -1) 

1 0- 30 53.12 i 7.82 44.35 ~- 12.92 ns 
2 30- 60 50.11 i 8.27 37.12 4- 8.75 ns 
3 60- 70 119.58 -k 17 .13  116.95 =~ 18.41 ns 
4 70- 80 78.80 ~ 11.35 55.14 • 4.41 ns 
5 80 90 69.47 -k 5.95 53.70 =k 6.69 ns 
6 90-100 65.93 4- 4.30 54.06 4- 9.06 ns 
7 100-110 62.71 4- 4.24 46.61 ~ 5.70 < 0.05 
8 110-120 61.46 -t- 5.74 43.87 • 4.47 <~ 0.05 
9 120 130 56.73 ~- 5.85 44.32 -t2 4.10 ns 

All values are calculated per 100 g of the kidney weight and are ex- 
pressed as means :t_ SE. Expansion was completed in the 3rd and 
4th periods, ns, non significant. 

in  t h e  c o r r e s p o n d i n g  c l ea rance  pe r i ods  b e t w e e n  s h a m  
o p e r a t e d  a n d  h y p o p h y s e c t o m i z e d  dogs  were  e v a l u a t e d  
b y  t h e  S t u d e n t  t - tes t .  

Results and discussion. T h e  r e su l t s  are  s u m m a r i z e d  in 
t h e  Table .  I s o t o n i c  e x t r a c e l l u l a r  f lu id  v o l u m e  e x p a n s i o n  
inc reased  u r i n e  o u t p u t  a n d  s o d i u m  e x c r e t i o n  in  b o t h  
e x p e r i m e n t a l  g r o u p s  ; h o w e v e r ,  t h e  p e a k  n a t r i u r e s i s  in t h e  
h y p o p h y s e c t o m i z e d  a n i m a l s  r e p r e s e n t e d  o n l y  50% of 
t h a t  in t h e  c o n t r o l  s h a m  o p e r a t e d  dogs  due  to  t h e  lower  
u r i n a r y  s o d i u m  c o n c e n t r a t i o n .  T h i s  d i f ference  w a s  n o t  
a c c o m p a n i e d  b y  c h a n g e s  in e i the r  g l o m e r u l a r  f i l t r a t i on  
r a t e  or  in b lood  p re s su re .  

I t  is c o n c l u d e d  t h a t  t h e  p i t u i t a r y  p l a y s  a role  in t h e  
m e c h a n i s m  of h o m e o s t a t i c  n a t r i u r e s i s  r e su l t i ng  f r o m  
i so ton ic  e x t r a c e l l u l a r  f lu id  v o l u m e  e x p a n s i o n .  O u r  
p r e v i o u s  s u g g e s t i o n  t h a t  a p i t u i t a r y  n a t r i u r e t i c  h o r m o n e  
m i g h t  be i nvo lved  1-3 h a s  s u b s e q u e n t l y  been  s u p p o r t e d  
b y  t h e  d e m o n s t r a t i o n  of n a t r i u r e t i c  a c t i v i t y  of n e u r o -  
p h y s i n  4. O n  t h e  o t h e r  h a n d ,  o t h e r  i n v e s t i g a t o r s  h a v e  
r e c e n t l y  i so la ted  a n a t r i u r e t i c  t r i - d e k a p e p t i d e  f r o m  t h e  
p o s t e r i o r  p i t u i t a r y  5. T h e  role of a p i t u i t a r y  n a t r i u r e t i c  
h o r m o n e  s e e m s  to  be  to  decrease  s o d i u m  r e a b s o r p t i o n  in 
t he  d is ta l  n e p h r o n  6-s, w h e r e a s  o n  the  bas i s  of  f r e e - w a t e r  
c lea rance  s tud ies ,  i t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  
decrease  of  p r o x i m a l  t u b u l a r  r e a b s o r p t i o n  d u r i n g  e x t r a -  
ce l lu lar  f luid v o l u m e  e x p a n s i o n  is n o t  d e p e n d e n t  on  a n y  
p i t u i t a r y  h o r m o n e  6-8 a n d  i ts  n a t u r e  is sti l l  t o  be  clarif ied.  

Summary. T h e  n a t r i u r e s i s  fo l lowing  an  i.v. i so ton ic  
sal ine load ing  c o r r e s p o n d i n g  to  10% of b o d y  wt .  w a s  
m a r k e d l y  dec reased  a f t e r  a cu t e  h y p o p h y s e c t o m y ,  due  to  
lowered  u r i n a r y  s o d i u m  c o n c e n t r a t i o n ,  in  a n a e s t h e t i z e d  
dogs.  A role of t h e  p i t u i t a r y  in s u c h  a h o m e o s t a t i c  n a t r i -  
u res i s  is sugges t ed .  
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Circadian  R h y t h m  of Bile  S e c r e t i o n  in the  Rat  

V a r i a t i o n s  in bile f low d u r i n g  t h e  d a y  h a v e  b e e n  ob-  
se rved  in m a n  1. Moreove r  it is well  e s t a b l i s h e d  t h a t ,  in  
t he  ra t ,  b o d y  we igh t ,  l iver  weigh t ,  nucle ic  acids  a n d  p ro -  
te in  c o n t e n t s ,  l iver  m i c r o s o m a l  e n z y m e  ac t iv i ty ,  o x y g e n  
c o n s u m p t i o n  a n d  m i t o c h o n d r i a l  ac t iv i ty ,  v a r i o u s  e n z y m e  

ac t iv i t i e s  ( e n z y m e s  of  a m i n o - a c i d  d e g r a d a t i o n ,  g lyco-  
genesis ,  c a r b o h y d r a t e  a n d  g lycogen  m e t a b o l i s m )  fo l low a 

1 T. C. NORTHFIELD and A. F. HOFMANN, Lancet 1, 747 (1973). 
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Body weight, s tomach and intestine weight, liver weight, basal bile flow, bile acid excretion, estimated bile acid independent flow, blood sugar 
and electrolytes in bile in rats at 08.00, 17.00 and 24,00 h 

11 rats Group I Group II Group III  
in each group (08.00 h) (17.00 h) (24.00 h) 

Weight (g) 
Body 190.18 4- 13.80 f 187.73 2t_ 10.80~ 206.45 • 8.40 f, 
Stomach + intestine 16.31 • 2.51e' f 13.52 4- 6.49 ~, ~ 29.20 4- 3.11 r, g 
Liver 7.314- 0.85 e 6.494- 0.40 ~'" 8.024- 0.59g 

Basal bile flow 
[xlmin -1100 g-1 9.49 j_ 1.80 e 7.68 4- 0.94*,* 8.95 4- 1.25g 
[xl min 1 g liver-i 2.46 4- 0.03 2.21 4- 0.03 2.29 4- 0.03 

Basal bile acid excretion 
nmol rain -1 100 g 269 ~ 96 260 4- 76 241 4- 74 
nmol min -1 g liver -1 70 4- 23 75 4- 21 61 4- J 8 

Estimated BAIF a 
[zl/min-1/100 g-1 7.25 4 -  1.65 ~ 5.84 4- 1.30 *, ~ 7.52 4- 1.42 e 
[zl/min-1/gliver -1 1.89 • 0.26 1.72 -b 0.25 1.92 • 0.42 

Blood sugar 
g1-1 1.644- 0.22 f 1.664- 0.33g 2.094- 0.41 f,g 

Electrolytes in bile 
meq. l - lNa  143 j_ 15 141 4- 17 140 -t- 18 
meq. l - l K  5.5 • 0.2 5.1 4- 0.3 5.1 4- 0.3 
meq. 1-1C1 90 4- 4 89 4- 5 88 4- 7 

Values are mean 4- 1 SD. ~ Significant difference between group I and II, p < 0.05. b Significant difference between group I and III,  p < 0.05. 
~Significant difference between group II and III, p < 0.05. aBAIF ~= bile acid-independent flow. ~ Significant difference between group 
I and II, p < 0.01. t Significant difference between group I and III, p % 0.01. * Significant difference between group II and III,  p < 0.01. 

c i r c a d i a n  r h y t h m  ~-4. T h e  p u r p o s e  of  t h i s  s t u d y  w a s  t o  
i n v e s t i g a t e  w h e t h e r  bi le  f l ow  in  t h e  r a t  fo l lows  a d i u r n a l  
r h y t h m .  

Mater ials  and methods. 33 m a l e  W i s t a r  r a t s  (Ev ic -  
Ceba ,  33 B l a n q u e f o r t ,  F r a n c e )  we re  h o u s e d  for  8 d a y s  
b e f o r e  s t u d y  in  a d a r k  r o o m  a t  c o n s t a n t  t e m p e r a t u r e  
22~ a n d  h u m i d i t y .  R a t s  w e r e  l i g h t e d  w i t h  a r t i f i c i a l  
l i g h t  b e t w e e n  08.00 a n d  20.00 h a n d  f ed  a s t a n d a r d  d i e t  
f r o m  20.00 t o  24.00 h a n d  w a t e r  a d  l i b i t u m .  T h e y  we re  
r a n d o m i z e d  in  3 g r o u p s  of  11 r a t s :  g r o u p  I w a s  s t u d i e d  a t  
08.00 h,  g r o u p  I I  a t  17.00 h,  g r o u p  I I I  a t  24.00 h.  T h e  
e x p e r i m e n t s  we re  c a r r i e d  o u t  in  2 d a y s .  

T h e  a n i m a l s  we re  a n e s t h e t i z e d  w i t h  p e n t o b a r b i t a l  
( N e m b u t a l ,  A b b o t t ) .  B o d y  t e m p e r a t u r e  w a s  m a i n t a i n e d  
b e t w e e n  37.5 a n d  38.5 ~ o n  h e a t i n g  t a b l e s .  T h e  bile d u c t  
w a s  c a n n n l a t e d  w i t h  a p o l y e t h y l e n e  t u b e .  Bi le  w a s  
co l l e c t ed  a t  10 m i n  i n t e r v a l s .  B a s a l  bi le  f low a n d  bi le  
a c id  e x c r e t i o n  w a s  m e a s u r e d  d u r i n g  t h e  f i r s t  30 r a in  
f o l l o w i n g  c a n n u l a t i o n .  T h e r e a f t e r  s o d i u m  t a u r o c h o l a t e  
( M a y b r i d g e  B i o c h e m i c a l  C o r p o r a t i o n ,  T i n t a g e l ,  U K )  
w a s  i n f u s e d  a t  a r a t e  o f  0.5 tzmol m i n  -1 100 g b w  -* for  
1 h.  A t  t h e  s t e a d y  s t a t e ,  2 c o n s e c u t i v e  1 0 - m i n  s a m p l e s  of  
b i le  w e r e  co l l ec t ed .  T h e  r e g r e s s i o n  l ine  for  bi le  f low v s  
bi le  a c id  e x c r e t i o n  r a t e  w a s  e s t a b l i s h e d  for  e a c h  e x p e r i -  
m e n t .  T h e  bile ac id  i n d e p e n d a n t  f low ( B A I F )  w a s  ca l -  
c u l a t e d  as  t h e  i n t e r c e p t  o f  t h e  r e g r e s s i o n  l ine  w i t h  t h e  
v e r t i c a l  a x i s  5,6. A t  t h e  e n d  of  e a c h  e x p e r i m e n t ,  a r t e r i a l  
b l o o d  w a s  s a m p l e d ,  t h e  w e i g h t  o f  t h e  l iver ,  t h e  s t o m a c h  
a n d  t h e  i n t e s t i n e  w a s  m e a s u r e d .  Bi le  a c i d  c o n c e n t r a t i o n  
in  b i le  w a s  m e a s u r e d  b y  a n  e n z y m a t i c  t e c h n i q u e  ~, u s i n g  
3 h y d r o x y s t e r o i d - d e h y d r o g e n a s e  ( W o r t h i n g  B i o c h e m i c a l  
C o r p o r a t i o n ,  F r e e h o l d ,  N . J .  U S A ) ,  S o d i u m  a n d  p o t a s s i u m  
c o n c e n t r a t i o n  in  bi le  w e r e  m e a s u r e d  b y  f l a m e  p h o t o -  
m e t r y .  C h l o r i d e  c o n c e n t r a t i o n  w a s  m e a s u r e d  i n  a n  
a u t o m a t i c  c h l o r i d e  t i t r a t o r .  B l o o d  g l u c o s e  c o n c e n t r a t i o n  
w a s  m e a s u r e d  u s i n g  a s t a n d a r d  g l u c o s e  o x y d a s e  m e t h o d .  

S t a t i s t i c a l  a n a l y s i s  w a s  p e r f o r m e d  u s i n g  t h e  S t u d e n t ' s  
t - t e s t ,  a v a l u e  o f  p < 0.05 b e i n g  r e g a r d e d  a s  s i g n i f i c a n t .  

Results. T h e  r e s u l t s  a r e  g i v e n  i n  t h e  T a b l e .  T h e  in-  
c r e a s e  in  b o d y  w e i g h t  in  g r o u p  I I I  w a s  m a i n l y  d u e  to  a n  
i n c r e a s e  in  t h e  w e i g h t  of  s t o m a c h  a n d  i n t e s t i n e  a f t e r  
f o o d  i n t a k e .  L i v e r  w e i g h t  w a s  s i g n i f i c a n t l y  l ower  in  
g r o u p  I I  t h a n  in  g r o u p s  I a n d  I I I .  

B a s a l  bi le  f low w a s  s i g n i f i c a n t l y  l ower  a t  17.00 h t h a n  
a t  08.00 h o r  24.00 h ;  t h e  e x c r e t i o n  r a t e  of  bi le  a c i d s  d id  
n o t  d i f fe r  s i g n i f i c a n t l y  in  t h e  3 g r o u p s .  T h e  r e l a t i o n s h i p  
b e t w e e n  bi le  f l ow  a n d  b i le  a c id  e x c r e t i o n  r a t e  f o r  g r o u p s  
I a n d  I I  is r e p r e s e n t e d  in  t h e  F i g u r e .  I n  t h e  3 g r o u p s  t h e  
s l o p e s  we re  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  T h e  e s t i m a t e d  
B A I F  e x p r e s s e d  in  V1 r a i n  -1 100 g b w  -1 w a s  s i g n i f i c a n t l y  
l o w e r  in  g r o u p  I I .  E x p r e s s e d  in  [zl r a in  l g l ive r -1  t h e  
e s t i m a t e d  B A I F  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  3 
g r o u p s .  T h e  d e c r e a s e  in t h e  B A I F  b e t w e e n  24.00 h a n d  
17.00 h (22%)  p a r a l l e l e d  t h e  d e c r e a s e  in  l i ve r  w e i g h t  
( 1 9 % ) .  B l o o d  s u g a r  w a s  s i g n i f i c a n t l y  h i g h e r  a t  24.00 h 
t h a n  a t  08.00 o r  17.00 h .  T h e r e  we re  n o  s i g n i f i c a n t  dif-  
f e r e n c e s  in  N a ,  K a n d  C1 c o n c e n t r a t i o n s  in  bi le.  

2 R. HARDELAND, D. HOHMANN and L. RENSlNG, J. interdiscip. 
Cycle Res. 4, 89 (1973). 

8 H. A. HOPKINS, R. J. BONNEY, P. R. WALKER, J. D. YAGER JR. 
and R. VAN POTTER, Adv. Enzyme Regul. 7I, 169 (1973). 
A. JoRi, S. CACCIA and E. DI SALLE, Eur. J, Pharmac. 21, 37 
(1973). 

5 j .  L. BOYER and G. KLASTSKIN, Gastroenterology 59, 853 (1970). 
6 j .  g. BO'tER, Am. J. Physiol. 22t, 1156 (1971). 

T. IWATA and K. YAMASAKI, J.  Bioehem., Tokyo 56, 424 (1964). 
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Relationship between bile flow and bile 
acid excretion. Group I is represented 
by the open circles, Group II by the 
dark circles. Each point corresponds to 
1 measurement. The zero intercepts are 
significantly different, not the slopes 
(in order to sinlplify the figure, Group 
III has not been presented: y = 7.52 
-- 0.005 x ). 

Discussion. In these exper iments ,  the  observed r h y t h m  
is no t  a na tura l  one since, in addi t ion  to the l ight ing 
schedule, l imited avai labi l i ty  of food to a discrete  por t ion  
of the  dark  period (from 20.00 to 24.00 h) was employed.  
This schedule was designed in order  to avoid the  individual  
var iabi l i ty  in feeding behavior  wi th in  a 12-hour period 
which may  obscure the  spontaneous  oscillations in physio-  
logical ac t iv i ty  3. 

Unde r  these  condit ions,  bile flow follows a diurnal  
r h y t h m  w i t h  a lower bile flow at  17.00 h i.e. a t  the  end 
of the  l ight period and far from the  feeding period. This 
decrease in bile flow can be expla ined by  a decrease in 
BAIF .  The es t imat ion  of the  B A I F  by  the  re la t ionship  
be tween  bile flow and bile acid excret ion confirms this  
assumpt ion.  E ry th r i to l  clearance has not  been measured,  
bu t  it is generally accepted  tha t ,  in the  rat, bile acid 
i n d e p e n d a n t  flow is ent i re ly  of hepa tocy t ic  origin 5,G,8; 
fu r the rmore  secretin injected in t ravenous ly  does no t  
increase bile flow s. BA1F decreases by 19% and liver 
weight  by  22% at  17.00 h compared  with t he  values 
ob ta ined  at  the  end of the  food period during the  darkness  
(24.00 h). A parallel  decrease in liver weight  and  B A I F  
has also been repor ted  in ra ts  af ter  a por tocaval  shun t  9, ~0. 
Never the less  a decrease in bile flow and in B A I F  expressed 
in g liver -1 was found in ra t s  af ter  a 72-hour fast, a much  
longer period t h a n  in our exper iments  (20-hour fast)~L 

In  bile f istula rats,  kep t  in a res t ra ining cage, wi th  l ight  
be tween  09.00 and 19.00 h and food dur ing the  dark  
period,  the  bi l iary excre t ion  of bile acids showed 2 peaks 
one at  01.00 h, the  o ther  abou t  06.00 h ~2, This r h y t h m  
paral le led the  diurnal  r h y t h m  of the  cholesterol-7~ 
hydroxylase ,  the  hepa t ic  microsomal  enzyme which is 
ra te  l imit ing in the  ra t  for t he  bile acid synthes is  f rom 
cholesterol  as. t-lowever, in our exper iments ,  no var ia t ions  
in bile acid excret ion were found. 

The r h y t h m i c  oscillations of bi l iary flow may  be re la ted 
to food in take and/or  l igh t -dark  cycle. The var ia t ions  in 
body  weight,  liver weight ,  prote in ,  glycogen and enzyme 
con t en t  are main ly  under  the  control  of food intake,  b u t  
these  pa t t e rn s  can be s t rongly  modif ied by  the  l ight ing 
schedule 3. Never theless  the  r h y t h m  of hepa tocy t e  prolif- 
e r a t i on  (and of DNA synthesis)  may  be synchronized  by  
the  l ight -dark  r h y t h m  which appears  to act  by  control l ing 
the  feeding hab i t s  of animals  under  na tura l  c ircum- 
s tances  x4. Food increases the  blood level of several  
hormones  which m a y  enhance  bile flow. In the  rat,  
insulin ~ and glucagon ~6 have  been repor ted  to increase 
BAIF .  

I t  m a y  be concluded t h a t  bile flow in the  ra t  follows a 
d iurnal  r h y t h m  wi th  a decrease a t  t he  end of the  l ight  
per iod and far f rom the  feeding period.  The decrease is 
due  to a reduct ion  of the  BAIF .  P a r a m e t e r s  such as food, 
l ight  and t ime schedule mus t  be carefully checked in 
expe r imen t s  concerning bile flow. 

Summary.  In  ra ts  the  bile flow and  the  e s t ima ted  bile 
acid i n d e p e n d a n t  flow (BAIF) were s ignif icant ly  lower a t  
17.00 h t h a n  a t  08.00 and  24.00 h. The decrease in B A I F  
paral leled the  decrease in liver weight .  Bile acid excre t ion  
was not  different .  
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