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C e r e b r o s p i n a l  F l u i d  P r o d u c t i o n  D u r i n g  T e m p e r a t u r e  S t r e s s  a n d  F e e d i n ~  in  t h e  C o n s c i o u s  M o n k e y  ~ 

The ra te  of p roduc t ion  of cerebrospinal  fluid (CSF) 
depends  upon several  i m p o r t a n t  factors,  two of which  
are in t racerebra l  blood pressure  and the  hydros t a t i c  pres- 
sure wi th in  t he  vent r icu la r  lumen% Al though  the  ra te  
of fo rma t ion  of CSF is re la t ively  low in t e rms  of the  
capac i ty  of the  vent r icu la r  systema,  we have  found  t h a t  
the  ra te  of e labora t ion  of t he  fluid in the  monkey  will 
change  s ignif icant ly  if the  physiological  s ta te  of this  
p r ima t e  is al tered.  

Six male rhesus  monkeys ,  weighing 5-7 kg, were 
acc l imated  to special p r ima t e  res t ra in ing chairs equipped  
wi th  feeding and  water ing  sys tems  and cons t ruc ted  so 
t h a t  t he  amb ien t  t e m p e r a t u r e  of the  chair  c h a m b e r  could 
be var ied  rapidly.  Each  an imal  was imp lan ted  under  
rigid asept ic  condi t ions  wi th  an 18 gauge, chronic in t ra-  
ven t r icu la r  cannula  placed on mid-l ine in the  anter ior  
por t ion  of the  3rd cerebral  ventr ic le  ros t ra l  to the  massa  
in termedia .  The cannula  was pos i t ioned s tereotaxica l ly  
and held in place by  cranioplas t  cemen t  according to 
procedures  descr ibed previously  ~. So t h a t  blood t em-  
pe ra tu re  could be moni to red  cont inuously ,  a t he rmi s to r  
bead was inser ted  agains t  the  sagi t ta l  sinus abou t  1 cm 
caudal  to  the  cannula.  

Fol lowing pos t -opera t ive  recovery,  the  ventr ic le  of the  
m o n k e y  was t apped ,  and CSF flowed th rough  a PE-50  
drain  tube  pos i t ioned so t h a t  the  end was 3 cm below the  
level of the  3rd ventricle.  A ca l ibra ted  1 ml reservoir  was 
used to  collect the  CSF, and  volume measures  were t aken  
at  5 min  in tervals  t h roughou t  the  per iod of CSF drainage.  
Usually,  40-50 min  base-line, f low-rate  measu remen t s  
(i.e., 8-10 samples) were t aken  before the  exper imenta l  
p rocedure  began.  

To cool the  monkey,  d ry  ice was placed in the  chair  
cham be r  and af ter  10 rain the  t e m p e r a t u r e  d ropped  to 
- -5  ~ to - -10~  To hea t  the  monkey,  a s t ream of warm 
air was blown into  the  chair  chambe r  unti l  a m a x i m u m  
t e m p e r a t u r e  of 50 55~ was reached,  i n  the  feeding 
exper iments ,  the  monkey  was s imply  given its normal  
morn ing  food ra t ion  of biscui ts  following the base-l ine 
CSF flow. Dur ing  the  cooling, hea t ing  or feeding experi-  
ments ,  10-12 samples  were obta ined,  and following the  
t e rmina t i on  of each of the  condit ions,  the  flow ra te  
measu remen t s  were cont inued for an addi t ional  50 60 rain. 
As is shown in the  Table, the  mean  CSF p roduc t ion  ra te  
decreased subs tan t i a l ly  when  the  monkeys  were cooled, 
heated ,  or fed. In  each case, the  flow ra te  declined to 
a lmos t  less t h a n  half  of t h a t  of the  base-l ine rate.  The 
pos t - expe r imen ta l  CSF flow ra te  r ebounded  s ignif icant ly  
and in the  case of the  feeding exper iment ,  r e tu rned  vir- 
tual ly  to the same level as the  base-l ine product ion .  The 
flow ra te  in the  control  non-a l te red  s ta te  s imply  showed 
a sl ight  decrease in overall  mean  p roduc t ion  dur ing con- 
secut ive 5 min intervals .  

The Figure i l lus t ra tes  r ep resen ta t ive  expe r imen t s  for 
4 m onkeys  unde r  4 condi t ions :  control  (A); ea t ing (B); 
cooling (C); and hea t ing  (D). In  these exper iments ,  the  
reduc t ion  in CSF  flow ra te  (mean ml/min)  is clearly seen. 
Fol lowing cooling or heat ing,  the  recovery  of the  normal  
CSF p roduc t ion  did not  occur unti l  usually 30 min af ter  
exposure  to the  t e m p e r a t u r e  stress was t e rmina ted .  This  
flow ra te  recovery  in terval  is di rect ly  corre la ted wi th  the  
t ime required for the  res tora t ion  of the  monkey ' s  normal  
t he rmoregu la to ry  responses  af ter  being hea ted  or cooled. 
In  the  cooling exper iment ,  the  an imal  con t inued  to shiver  
for 30 min following removal  of the  ice; vasod i la ta t ion  
and  drowsiness  cont inued  in the  hea t ed  monkey  for 
app rox ima te ly  the  same a m o u n t  of t ime,  af ter  hea t ing  
was discont inued.  

The h igh  init ial  o u t p u t  of CSF (see Figure) was due 
to  the  release of fluid pressure  a t  the  level of the  3rd 
ventr icle .  Because of the  in te r re la t ionsh ip  be tween  pres-  
sure and  flow ra te  ~, these resul ts  are par t i cu la r ly  remark-  
able because the  decline in CSF  p roduc t i on  occurred 
i n d e p e n d e n t  of the  loss of pressure.  In  fact,  a l te ra t ions  
in CSF  flow were p roduced  by  feeding, cooling or hea t ing  
even  though  the  fluid pressure  wi th in  the  th i rd  vent r ic le  
was v i r tua l ly  zero because of the  pos i t ion  of t he  bra in  
tube.  

Of par t icu lar  impor tance  is the  fact  t h a t  CSF elabora-  
t ion decreased even  when  the  funct ional  s ta tes  of the  

Mean cerebrospinal fluid (CSF) production rates (ml/min) in conscious 
rhesus monkeys during body cooling, heating or while the animal 
was eating its morning meal. Each period represents flow rate for 
40-60 min 

Baseline During Post 
rate condition rate 

Cooling 0.064 0.033 0.039 
Heating 0.063 0.029 0.043 
Feeding 0.041 0.023 0.046 
Control 0.066 0.056 0.052 
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The mean rate of cerebrospinal fluid (CSF) production as measured 
continuously at the level of the 3rd ventricle in unanesthetized 
monkeys during 4 conditions: control (A); feeding {B); cooling (C); 
and heat exposure (D}. Each solid bar represents the volume of 
CSF collected during a 10 rain interval. 
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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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