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m o n k e y  were t o t a l l y  opposi te .  W h e n  hea ted ,  the  a n i m a l  
e x h i b i t e d  v a s o d i l a t a t i o n  a n d  o the r  pe r iphe ra l  h e a t  loss 
signs, whereas  cool ing p r o d u c e d  vasocons t r i c t ion ,  vig-  
orous  sh ive r ing  a n d  a p p a r e n t  ag i t a t ion .  Because  feeding 
p r o d u c e d  a s imi la r  decl ine in C S F  flow ra te ,  i t  is d i f f icul t  
to  exp la in  th i s  f ind ing  on  t he  bas is  of a func t iona l ly  non-  
specific s t ress  due  to  t he  p r o f o u n d  a l t e r a t i o n  in a m b i e n t  
t e m p e r a t u r e .  I t  is poss ible  t h a t  a l t h o u g h  t h e  e l ab o ra t i on  
of C S F  f rom the  choro id  p lexus  m i g h t  h a v e  r e m a i n e d  
essen t ia l ly  cons t an t ,  t h e  secre t ion  of ex t race l lu la r  f luid 
in to  t he  v e n t r i c u l a r  l u m e n  6 could  h a v e  d i m i n i s h e d  signifi- 
can t ly .  I f  t he  v e n t r i c u l a r  l u m e n  does ac t  as a cel lular  
' s ink '  ~, t h e n  t h e  phys io log ica l  changes  in some w ay  could  
af fec t  t h e  release, exchange  a n d  c o n c e n t r a t i o n  of e lectro-  
ly tes  or o the r  c o n s t i t u e n t s  of ex t r ace l lu l a r  fluid.  I n  a n y  
event ,  C S F  flow r a t e  a t  o t h e r  levels of t h e  p r i m a t e ' s  
vent r ic les ,  i nc lud ing  t he  l a t e ra l  a n d  4 t h  ven t r i c les  mus t ,  
be  a sce r t a ined  for a more  comple t e  u n d e r s t a n d i n g  of t he  
f luid d y n a m i c s  of t h e  cerebra l  v e n t r i c u l a r  sys tem.  

Zusammen/assung. Das  F l i i s s igke i t svo lumen  des Ven-  
t r ike l l iquors  wurde  in Affen  (ira 3. Ven t r i ke l  kanu l i e r t )  
gemessen.  Die P r o d u k t i o n  y o n  Ven t r ike l l i quo r  ve r r i nge r t e  
s ich s t a r k  w/ ih rend  40-50  rain,  u n d  zwar  bei  N a h r u n g s -  
a u f n a h m e ,  bei  E r w g r m u n g  oder  Abk i ih lung .  H e r n a c h  
R i i c k k e h r  des n o r m a l e n  L i q u o r v o l u m e n s .  
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R e - E v a l u a t i o n  of  the  R o l e  of  H y p o v o l e m i a  o n  t h e  

I t  is genera l ly  accep ted  t h a t  r e d u c t i o n  of b lood v o l u m e  
increases  t he  re lease  of r en in  ~. I t  was  cons idered  of 
i n t e r e s t  to  s t u d y  t h e  v a r i a t i o n s  of p l a s m a  r en in  a c t i v i t y  
(PRA)  induced  b y  b lood  v o l u m e  r educ t ions  of s imi la r  
i m p o r t a n c e  b u t  of d i f fe ren t  origins.  22 male  r a b b i t s  
we igh ing  2650- t -150 g were a n e s t h e t i z e d  w i t h  sod ium 
e t h y l m e t h y l b u t y l  b a r b i t u r a t e  ( m e b u b a r b i t a l ,  A b b o t t  
50 mg/kg ,  i.v.), t r a c h e o t o m i z e d ,  m echan i ca l l y  ven t i l a t ed ,  
a n d  p laced  on  a h e a t i n g  tab le .  I n  a f i rs t  se t  of 16 r abb i t s ,  
r e d u c t i o n  of b lood v o l u m e  was induced  b y  i.v. i n j ec t ion  
of e t h a c r y n i c  acid (Edecrin ,  Merck,  Shazp  a n d  D o h m e ;  
10 mg/kg ,  7 r abb i t s )  or of fu rosemide  (Lasilix, H 6 c h s t ;  
10 mg/kg ,  9 r abb i t s )  ; these  r a b b i t s  were h y d r a t e d  b y  i.v. 
in fus ion  of i so tonic  sal ine solut ion,  g iven  a t  t h e  r a t e  of 
0.35 m l / m i n  d u r i n g  t he  45 m i n  p reced ing  t h e  exper i -  
men t .  I n  a second set  of 6 r abb i t s ,  t h e  r educ t i on  of b lood 
v o l u m e  was accompl i shed  b y  a slow a r t e r i a l  b leeding.  
I n  all  expe r imen t s ,  2 basa l  per iods  were followed b y  4 
e x p e r i m e n t a l  periods,  each  per iod  be ing  of 15 m i n  dura -  
t ion .  D e t e r m i n a t i o n s  of inul in ,  sod ium excret ion,  p l a s m a  
vo lume,  a r t e r i a l  b lood  pressure ,  and  P R A  were pe r fo rmed  
as a l r e ady  descr ibed  e lsewhere  3. Cen t ra l  venous  p ressure  
was m e a s u r e d  t h r o u g h  a c a t h e t e r  inse r t ed  ill t h e  e x t e r n a l  
j ugu l a r  vein,  t he  t i p  of the  c a t h e t e r  be ing  in t he  super io r  
v e n a  cava.  H e a r t  r a t e  was e s t i m a t e d  d u r i n g  t he  r ecord ing  
of pulse  pressure  w i t h  a s t r a i n  gauge m a n o m e t e r  (Telco, 
E.D.  26). 

Results and discussion. As shown  in T a b l e  I and  in  t h e  
Figure,  e t h a c r y n i c  acid s ign i f i can t ly  inc reased  P R A ,  t h e  
increase  be ing  obv ious  in t h e  7 th  ra in  fol lowing t h e  injec-  
t i on  (mid -po in t  of t he  f i rs t  e x p e r i m e n t a l  period) ; p l a s m a  
v o l u m e  was  r educed  b y  3.3% in t h e  first ,  a n d  b y  5.9% 
in t he  second e x p e r i m e n t a l  period.  The  increase  of P R A  
obse rved  a f te r  fu rosemide  in j ec t ion  was g rea te r  t h a n  t h a t  
obse rved  a f t e r  e t h a c r y n i c  ac id ;  t he  r e d u c t i o n  of p l a s m a  
v o l u m e  seen in t h e  f i rs t  e x p e r i m e n t a l  per iod  is 7%,  a n d  
8.3% in t he  second one. As i nd i ca t ed  in Tab le  II,  t h e  
r a t e  of a r t e r i a l  b leed ing  pe r fo rmed  in t he  second exper i -  
m e n t  was  a d j u s t e d  b y  a screw p laced  on  t he  a r t e r i a l  
c a t h e t e r  so t h a t  t h e  r e d u c t i o n  of p l a s m a  vo lume  was 7 %  
for each  e x p e r i m e n t a l  pe r iod ;  P R A  m e a s u r e d  on  a n  
a l i quo t  f r ac t ion  of a r te r ia l  b lood  sampled  a t  t he  mid-  

R e l e a s e  of  R e n i n  1 

p o i n t  of each  per iod  d id  n o t  v a r y  s ign i f ican t ly  du r ing  
t he  2 f i rs t  e x p e r i m e n t a l  per iods .  The  increase  of P R A  
obse rved  in t h e  2 las t  per iods  was s ignif icant ,  b u t  infer ior  
to  t h a t  obse rved  in t he  d iu re t i c  e x p e r i m e n t s  (Figure).  
These  resu l t s  d e m o n s t r a t e  t h a t  b lood vo lume  r educ t i on  
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Variations of mean plasma renin activity after ethacrynie acid, 
furosemide and after hemorrhage. The percentage of mean plasma 
volume reductions observed in each experiment are indicated in 
brackets. 
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Table I. Effect of ethacrynie acid (10 mg/kg) and of furosemide (10 mg/kg) in 16 rabbits. Diuretics are injected i.v. at the end of the second 
control period. Values are means 4- S.E.M. 

Sodium Clearance Hema- Plasma Central Mean Heart Plasma 
excretion of inulin tocrit volume venous arterial rate renin 
btEq/kg/min ml/kg/ % ml/kg pressure pressure (per activity 

min/kidney cm H20 mm Hg min) ng/ml/h 

Control periods 3.7 i 0.5 1.7 4- 0.1 39.0 - 4.8 =[: 0.6 110 ~ 15 349 2t_ 13 5.1 -[= 0.9 
3.4 + 0.5 1.5 -t= 0.1 39.3 33.5 :t: 1.3 4.8 4- 0.6 106.7 • 7.7 347 4- 14 6.7 • 1.6 

Ethacrynic acid 77.2 J_ 15.7 3.2 4- 0.7 39.7 32.5 ~_ 7.5 4.8 -~ 0.6 107.2 4- 12.2 353 i 16 19.6 4- 6.9 
30.4 4- 10.2 1.2 4- 0.3 40.1 31.4 4- 1.7 3.9 • 0.4 99.4 4- 9.5 356 4- 13 26.6 i 11.0 
4.1 j_ 2.4 0.3 4- 0.1 39.5 31.5 4- 1.3 3.8 4- 0.6 88.2 4- 10.1 350 4- 14 17.4 4- 1.2 
1.6 -c 2.5 0.2 4- 0.1 37.0 32.6 4- 1.6 3.4 4- 0.5 87.0 j_ 8.5 354 4- 13 17.9 4- 2.6 

Control periods 5.5 A_ 1.7 2.2 ~2 0.1 38.0 - 100.8 • 3.3 9.9 ~ 1.5 
7.9 -[- 4.3 2.2 4- 0.3 38.0 30.1 4- 1.3 100.3 • 4.9 9.9 4- 2.2 

Furosemide 100.6 4- 22.2 4.2 4- 0.7 39.5 27.8 4- 1.3 96.6 -c 4.0 28.8 4- 3.6 
73.2 • 15.1 3.0 ~2 0.6 39.0 27.6 • 1.2 95.4 4- 5.8 36.8 • 7.0 
48.9 4- 13.4 2.1 4- 0.5 38.0 28.1 4- 1.3 90.9 4- 7.3 46.8 -b 8.8 
35.7 _[_ 8.6 2.0 • 0.5 38.0 28.2 • 1.6 91.3 4- 6.5 53.8 4- 15.1 

Table II. Effect of arterial bleeding in 6 rabbits. Hemorrhage is started at the end of the second control period, and is regulated so that 7% 
of plasma volume is lost in each experimental period. Values are means 4- S.E.M. 

Hematocrit Plasma Central Mean Heart Plaslna 
0/0 volume venous arferial rate renin 

ml/kg pressure pressure (per activity 
cm H20 mm Hg rain) ng/ml/h 

Control periods 40.0 6.0 • 0.9 96,2 4- 4.3 345 • 16 10.0 • 2.0 
40.0 32.5 4- 0.5 5.8 4- 0.9 98.7 -c 3.6 342 4- 15 7.5 ~_ 1.0 

Hemorrhage 40.0 29.2 4- 0.5 4.6 _L 1.5 97,5 4- 1.6 362 4- 17 7.5 4- 1.0 
38.8 26.9 4- 0.5 4.5 ~__ 1,9 88.7 4- 3.6 373 4- 14 8.5 4- 2.0 
36.8 24.6 4- 0.5 4.1 ~ 1.2 85.0 4- 4.9 376 4- 12 13.2 ~_ 2.0 
36.3 22.3 -L 0.5 3.4 4- 1.1 72.7 ~_ 9,1 369 4- 13 22.2 4- 4.0 

c a n n o t  be  cons ide red  as  a s t i n m l u s  of r e n i n  re lease :  for  
b lood  v o l u m e  r e d u c t i o n s  of s imi la r  i m p o r t a n c e  a n d  
r a p i d i t y ,  r en in  re lease  is fa r  g r ea t e r  w h e n  t h e  v o l u m e  
r e d u c t i o n  is i n d u c e d  b y  a r ena l  loss of s o d i u m  t h a n  w h e n  
it  is s e c o n d a r y  to  an  a r t e r i a l  h e m o r r h a g e  (Figure) .  Since 
a r t e r i a l  b l eed ing  r educes  p r i m a r i l y  t he  i n t r a v a s c u l a r  
vo lume ,  a n d  s ince the  d iu re t i c s  r educe  t h e  who le  e x t r a -  
cel lular  c o m p a r t m e n t ,  one  c a n n o t  exc lude  t h e  h y p o t h e s i s  
t h a t  t h e  re lease of r en in  is m e d i a t e d  t h r o u g h  e x t r a v a s c u l a r  
vo lo recep to r s .  O u r  d a t a  s u g g e s t  h o w e v e r  t h a t  t h e  inc rease  
of P R A  d u r i n g  d iu re t i c  i nduced  h y p o v o l e m i a  as well  as  
in h y p o v o l e m i a  r e s u l t i n g  f r o m  h e m o r r h a g e ,  is due  to  
s o m e  i n t r a r e n a l  m e c h a n i s m .  I n  a p r e v i o u s  s t u d y  a, we 
h a v e  s h o w n  t h a t  P R A  w a s  inc reased  b y  f u r o s e m i d e ,  even  
if v o l u m e  losses were  p r e v e n t e d ;  t h i s  o b s e r v a t i o n  led to  
t he  conc lu s ion  t h a t  r en in  re lease w a s  s t i m u l a t e d  b y  s o m e  
i n t r a r e n a l  c h a n g e  b r o u g h t  a b o u t  b y  the  d iure t ic ,  p o s s i b l y  
b y  t h e  inc rease  of  i n t r a t u b u l a r  s o d i u m  c o n c e n t r a t i o n .  
T h e  m o d e r a t e  inc rease  of P R A  o b s e r v e d  a f t e r  e t h a c r y n i c  
acid in t h i s  s t u d y ,  s u p p o r t s  t h i s  pos s ib i l i t y  s ince e tha -  
c ryn ic  acid  w a s  less n a t r i u r e t i c  t h a n  fu rosemide .  

T h e  lack  of re lease  of r en in  d u r i n g  p r o g r e s s i v e  h e m o r -  
r h a g e  h a s  been  p r e v i o u s l y  o b s e r v e d  b y  o t h e r s  4 a n d  con-  
t r a s t  w i t h  t h e  c l ea r -cu t  inc rease  of P R A  fo l lowing  a 
severe  h y p o t e n s i v e  h e m o r r h a g e  ~. T h e  inc rease  of P R A  
o b s e r v e d  in t h i s  c i r c u m s t a n c e  h a s  been  a t t r i b u t e d  e i the r  
to  t he  a c t i v a t i o n  of t he  a u t o n o m i c  n e r v o u s  s y s t e m  6, or  
to  t he  d i rec t  l ower ing  of r ena l  a r t e r i a l  p e r f u s i o n  p r e s s u r e .  

I n  ou r  e x p e r i m e n t s ,  t he  n e u r a l  c o m p o n e n t  m a n i f e s t e d  
b y  t a c h y c a r d i a  a n d  s t e a d y  a r t e r i a l  p r e s s u r e  w a s  p r e s e n t  
w i t h o u t  inc reased  P R A .  We conclude ,  the re fore ,  t h a t  
t he  inc rease  of P R A  i n d u c e d  b y  h e m o r r h a g e  also r e su l t s  
f r o m  a d i rec t  i n t r a r e n a l  m e c h a n i s m .  

Rdsumd. Les a u t e u r s  o n t  c o m p a r 6  l ' e f fe t  d ' h 6 m o r r a g i e s  
p r o g r e s s i v e s  et de d i u r 6 t i q u e s  (acide 6 t h a c r y n i q u e ,  fu ro-  
s6mide)  su r  l ' ac t iv i t6  r6nine  p l a s m a t i q u e .  P o u r  des d6pl6- 
t i ons  v o l 6 m i q u e s  c o m p a r a b l e s ,  l '616vation de l ' ac t iv i t6  
r6nine  p l a s m a t i q u e  es t  p lu s  g r a n d e  apr~s  d i u r 6 t i q u e s  
q u ' a p r ~ s  h 6 m o r r a g i e .  Le  r61e s t i m u l a n t  d ' u n e  h y p o v o -  
16mie su r  la s6cr6t ion  de la r6n ine  es t  de ce fair  cr i t iqu6.  
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