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sharply  af ter  meal,  reached the  m a x i m u m  level of about  
50 mM around the  end of the  feeding t ime,  and thereaf te r  
decreased gradually.  As expected,  the glucose concentra-  
t ion es t imated  by  the  specific enzymat ic  me thod  was 
much  lower than  the  free reducing sugar concentra t ion,  
about  110 mM, repor ted  by  Cole 2, who examined  only 
dur ing the  feeding t ime.  The difference m a y  be due to 
maltose,  isomaltose and other  reducing substances in the 
in tes t ina l  fluid. 
F igure  2 shows the  glucose absorpt ion rate  in v ivo  dur ing 
the  feeding t ime  a t  var ious  luminal  concent ra t ions  of 
glucose ei ther  in the  presence or absence of 0.5 mM 
phlorizin.  The glucose absorpt ion rate  in the  presence of 
phlorizin (phlorizin-insensit ive component)  increased 
p ropor t iona ly  wi th  increase in the  glucose concent ra t ion  
in the  lumen.  The  difference be tween the  rates in the  
absence and presence of phlorizin (phlorizin-sensit ive 
component)  was saturable,  and the  ha l f -maximal  concen- 
t r a t ion  of glucose was about  10 mM; The rate  of the  
phlorizin-sensi t ive absorpt ion was larger t han  t h a t  of the  
phlorizin-insensi t ive absorpt ion  up to the  glucose concen- 
t r a t ion  of abou t  35 mM, bu t  above this concentra t ion,  
the  reverse is the  case. These results are in good agree- 
men t  wi th  those r epor t ed  by  D e b n a m  and Levin  1, and 
could best  be explained by  supposing tha t  the  phlorizin-  

sensit ive componen t  and the  phlorizin-insensi t ive one 
represent  the  absorpt ion v ia  the  ac t ive  t ranspor t  sys tem 
and the  diffusive pa thway ,  respect ively.  
I t  has been repor ted  t h a t  the  digest ive and absorpt ive  
funct ions of the  small  intest ine exhibi t  circadian var ia-  
tions, synchronizing wi th  the  feeding-fast ing cycle 5-9; In  
pre l iminary  exper iments ,  the  glucose absorpt ion ra te  
dur ing the nonfeeding t ime (24.00-3.00 h) was found to 
be lower than  t h a t  dur ing the  feeding t ime shown in 
figure 2 ei ther  when phlorizin was present  or absent,  bu t  
the  rat io of ac t ive /pass ive  absorpt ion did not  change a t  
each concent ra t ion  of glucose. All these results s t rongly 
suggest t ha t  glucose is absorbed main ly  via  the ac t ive  
t ranspor t  sys tem during the  nonfeeding t ime when the  
luminal  concent ra t ion  is low, bu t  a larger f ract ion of 
glucose is absorbed by  the  diffusive p a t h w a y  during the  
feeding t ime because of h igh  luminal  concent ra t ion  of 
glucose. 
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Summary. Exper imen ta l  hydrocephalus  has been induced in lambs by art if icial  increase of the  ampl i tude  of in t ra-  
vent r icu lar  cerebrospinal  fluid (CSF) oscillations related to arterial  pulsations,  w i thou t  concomi tan t  changes of the  
mean  CSF-pressure.  The characteris t ics  of this hydrocephalus  demons t ra te  t h a t  the in t raven t r i cu la r  CSF-pulsa t ions  
can p lay  a role in the  genesis of vent r icular  di latat ion.  Such a me thod  m a y  be used to  produce an original model  of 
hydrocephalus  independen t  of changes of CSF-ci rcula t ion  or absorption.  

Cerebrospinal  fluid (CSF)-pulsat ions have  been recognized 
for m a n y  years  3, Their  origin has been related to the  
ar ter ial  pulse waves  *-9 or to the  venous pulse waves  10, ~, 
or to a combina t ion  of bo th  12,13. Beringe suggested t h a t  
CSF-pulsat ions ,  as well as CSF-circulat ion,  depend en- 
t i re ly  on the  pumping  effect  due to t h e  choroid plexus 
systol ic  expansion.  As the  choroid plexus fills wi th  blood, 
a local CSF-pressure  wave  is generated.  This wave  is 
no rma l ly  absorbed in pa r t  by  the vent r icular  wall, in 
pa r t  by  pumping  C S F  ou t  f rom the ven t r icu la r  sys tem 
and by  compressing veins  in the  subarachnoid spaces. 

Adjustment of 
fluid volume Stop cock 

Electr~ ~ ~ [ ~  0 Balloon 
pump I 

I I I ~1 HPress~ ]=0 C~176 Record Preamplifier transducer Balloon 

I~o, ILl,,. H ~ECG L Electric unit delay Trigger preamplifier/ cardiac 
input 

Fig. 1. Schematic drawing of the experimental electronic and hydrau- 
l•c arrangement for producing and recording intraventricular CSF- 
pulses. 

Bering 7 also s ta ted  tha t  this  local force generated by  the  
choroid plexus accounts  for the vent r icular  d i la ta t ion  in 
a blocked ventricle,  independen t ly  of the  back pressure 
due to the  arres t  of CSF-flow. Expe r imen t s  by  Wilson 
and Ber tan  i4 suppor ted  Bering 's  thesis on the  pa tho-  
genetic effect p layed by  undamped  pulse waves.  In  fact,  
the  combina t ion  of in t racis ternal  inject ion of l ampblack  
and of occlusion of the  anter ior  choroidal  a r te ry  of one 
side in dogs, caused the  en la rgement  of the  vent r ic le  
wi th  in tac t  vascular  supply  and had no effect on the  
cont ra la tera l  one. Milhorat  15 found tha t  hydrocephalus  
invar iab ly  occurred in p lexectomized  monkeys  in which 
vent r icular  obst ruct ions  of var ious  types  were performed,  
except  in case of ex tens ive  p l exec tomy  scars. On this 
basis, he concluded tha t  the  choroid plexus is not  essential  
in generat ing a pulsat i le  mechanism for expanding  the  
ventr ic le  in the  hydrocephalus .  I n  dogs in which one 
foramen of Monro was plugged while the  o ther  one was 
pervious,  Sybayan  and al. 16 showed t h a t  the  mean CSF-  
pressure was always higher  in the  blocked and di la ted 
ventricle,  so t h a t  the  rise in the  mean  pressure could be 
considered 'a  necessary factor  responsible for ventr ic le  
en largement ' .  
The  aim of this  repor t  is to br ing forward new experi-  
men ta l  da ta  suggesting the  impor tance  of abnormal ly  
high in t raven t r i cu la r  CSF-pulsa t ions  in the  deve lopment  
of hydrocephalus ,  even when the  mean  CSF-pressure  
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remains  normal  and the  CSF-absorp t ion  p a t h w a y s  are 
�9 pa t en t .  This  purpose  was  sat isf ied by the  use of a device 1~ 

which  allows an increase in the  ar ter ia l  CSF-pu l se  wave  
w i t h o u t  modi fy ing  the  mean  CSF-pressure .  
Mater ia ls  and methods. 16 l ambs  weighing 8-10 kg were 
used. B o t h  chronic and acute  expe r imen t s  w e r e  carried 
out .  All animals  were anaes the t i zed  wi th  N e m b u t a l  
(25 mg/kg  i.v.). U n d e r  surgical asepsis,  a l a tex  balloon 
connec ted  With a ca the t e r  was  inser ted  in each lateral  
ventr ic le .  Recording  of ven t r icu la r  pressure  was pe r fo rmed  
by  connec t ing  the  r ight  balloon to model  268 A Sanborn  
pressure  t ransducer .  Del ivery  of art if icial ly increased 
pu lsa t ions  was ob ta ined  t h r o u g h  the  left balloon. For  
th is  purpose ,  the  lef t  bal loon was  connec ted  to  a device 
descr ibed previous ly  1:, which could rhy thmica l l y  inf late  
and  def la te  it, synchronous ly  wi th  the  cerebral  pulse.  
The R-wave  of t he  ECG was used as a t r igger  for the  
e l ec t romagne t  power  supp ly  of t he  device. By  modi fy ing  
delay  and  dura t ion  (40-100 msec) of the  signal which 
closed the  supply  circuit  to  the  e l ec t romagne t  (figure 1), 
the  s u m m a t i o n  in phase  of b o t h  the  spon taneous  ar ter ia l  
CSF-pu l sa t ion  and the  art if icial  pulse occurred.  I n t r aven -  
t r icular  m e a n  pressure  r emained  s t e ady  w h e n  the  in- 
creased pulses were 2 t imes  h igher  t h a n  the  physiological  
ones (figure 2). However ,  a small  increase in ven t r icu la r  
mean  pressure  occurred for ampl i tudes  3-4 t imes  larger:  
by  sub t r ac t ing  an adequa te  a m o u n t  of fluid f rom the  
pu lsa t ing  bal loon before beginning  trials,  the  mean  CSF-  
pressure  was ad jus ted  on the  prev ious  values. I n t r aven -  
t r icular  CSF-pressure  and ECG were mon i to red  by  
oscil loscope and p h o t o g r a p h e d  by  means  of a Grass 
camera .  
In  the  acute  expe r imen t s  (3 animals),  art if icial ly in- 
creased pulsa t ions  were del ivered in a unique per iod of 
3 h, t he  an imal  being kep t  unde r  N e m b u t a l  anaes thes ia .  
In  the  chronic  expe r imen t s  (6 animals),  the  animals  
u n d e r w e n t  art if icial  increase of CSF-pu lsa t ions  for a 
per iod  of 2 h every  second day, for 2-3 weeks. At  the  end  
of each exper imen ta l  session, the  in t r aven t r i cu la r  bal loons 
were d i sconnec ted  b y  the  recording and inf la t ing appara tus ,  
the  head  of the  an imal  was careful ly  wrapped  and the  
an imal  b rough t  to  the  s tabu la r ium.  In  the  first  chronic 
animal ,  all recording sessions were made  under  l ight  
anaes thes ia ;  in the  o the r  2 cases, the  animals  were kep t  

awake. They  did no t  show any  sign of pa in  or discomfort .  
Control  expe r imen t s  were carr ied  ou t  in 7 animals .  In  
2 of t h e m  (1 chronic,  1 acute),  t he  pulsa t ing  bal loons were 
placed in the  nervous  subs tance ,  in 1 case above and in 
o ther  below the  floor of the  la tera l  ventr icle .  In  the  o the r  
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Fig. 2. Continuous recording of the intraventrieular pulse and (start- 
ing from the arrow) mean CSF-pressure (upper tracing) and of the 
EKG (lower tracing) in a chronic lamb. The dark line indicates pump 
on. The artificial increase of intraventricular pulses does not in- 
/luenee the mean CSF-pressure. 

Fig. 3. Transverse brain sections at the level of the frontal born 
showing normal ventrieular size (A) in control animal, and ventrie- 
ular dilatation (B) in cbronic animals obtained througb artificial 
increase of intraventricular pulses. 



1472 Specialia EXPERIENTIA 33/11 

5 l a m b s  (2 acute ,  3 chronic)  the  ba l loons  were k e p t  
inf la ted ,  w i t h i n  t he  l a te ra l  vent r ic les ,  for a co r re spond ing  
per iod  of t i m e  w i t h o u t  a n y  modi f i ca t ion  of t he  pulse 
wave .  A t  t h e  end  of t he  expe r imen t s ,  t he  an ima l s  were 
sacr i f iced u n d e r  deep anes thes ia ,  a n d  t h e n  t he  b ra ins  
were carefu l ly  e x a m i n e d  a n d  f ixed w i t h  10 % f o r m a l d e h y d e  
so lu t ion  and  sec t ioned  for check ing  hyd rocepha lu s .  His-  
to logical  s tud ies  were also pe r fo rmed  in order  to  ana lyze  
t he  e p e n d y m a ,  the  p e r i v e n t r i c u l a r  p a r e n c h y m a  a n d  the  
C S F - p a t h w a y s .  
Results. Acute  expe r imen t s .  In  2 l a m b s  wh ich  received 
pulses  3 t i m e s  h ighe r  t h a n  the  n o r m a l  ones  for  3 h,  an  
ips i la te ra l  v e n t r i c u l a r  d i l a t a t i on  of l igh t  degree occurred.  
The  s e p t u m  pe l luc idum was a lways  dev i a t ed  con t r a -  
la te ra l ly .  His tological ly ,  t he  e p e n d y m a  appea red  to be 
i n t e r r u p t e d  m o s t l y  a t  t he  level  of t he  f r on t a l  horn .  In  
t h e  on ly  l a m b  wh ich  u n d e r w e n t  t r i a l  w i t h  pulses 5 t imes  
h i g h e r  t h a n  t he  normal ,  in  add i t i on  to the  a n a t o m i c a l  
Changes descr ibed  above ,  necro t ic  lesions of t he  per iven-  
t r i cu l a r  p a r e n c h y m a  were found.  I n  each  an imal ,  t he  
s u b a r a c h n o i d  spaces  were p a t e n t .  
Chronic  expe r imen t s .  A b i l a t e ra l  v e n t r i c u l a r  d i l a t a t i o n  
occur red  in all  an ima l s  (pulses 2 - 3 - 4  t imes  h ighe r  t h a n  
t he  normal ) .  The  ven t r i c l e  c o n t a i n i n g  t he  pu lsa t i l e  ba l loon  
was la rger  t h a n  t he  c o n t r a l a t e r a l  one;  t he  s e p t u m  pel- 
l uc idum was d e v i a t e d  c o n t r a l a t e r a l l y  or f r ayed  (2 cases). 
The  f r o n t a l  (figure 3B) and,  to  a less degree, t he  occipi ta l  
h o r n s  were m o s t l y  d i la ted .  The  e p e n d y m a  was i n t e r r u p t e d ,  
especial ly  a t  t he  level  of m a x i m a i  v e n t r i c u l a r  en l a rgemen t .  
I n  2 a n i m a l s  t he re  was a d i l a t a t i o n  of t he  I I I r d  and  I V t h  
ven t r i c les  a n d  of t he  aqueduc t .  I n  all cases C S F - p a t h w a y s  
were p a t e n t  a t  t he  his to logical  control .  
Cont ro l  expe r imen t s .  Acu te  and  chronic  an ima l s  in  which  
t he  ba l loons  were k e p t  in f l a t ed  did  n o t  show s igni f ican t  
v e n t r i c u l a r  d i l a t a t i o n  (figure 3A). A t  t he  same t ime ,  t he  
e p e n d y m a  was found  n o r m a l  a t  t h e  his to logical  e x a m i n a -  
t ion.  W h e n  t he  pulsa t i le  ba l loon  was e x t r a v e n t r i c u l a r ,  a 
necro t ic  c a v i t y  was t he  on ly  his to logical  f ind ing  re l a t ed  
to  t he  mass  lesion of t h e  ba l loon  ; no  v e n t r i c u l a r  d i l a t a t i o n  
occur red  and  t h e  e p e n d y m a  layer  was  in tac t .  
Discussion. A t t e n t i o n  ha s  r ecen t l y  been  pa id  to  t he  i n t r a -  
v e n t r i c u l a r  pulse  pressure  in t he  genesis of h y d r o c e p h a l u s  
on  t he  g rounds  of f ind ings  o b t a i n e d  b y  p ro longed  in t r a -  

v e n t r i c u l a r  CSF-pres su re  record ings  in hyd rocepha l i c  
p a t i e n t s  lS, 1~. A b n o r m a l  h igh  pulse  pressure ,  e i the r  in 
ba sa l  cond i t ions  or - more  e v i d e n t l y  - d u r i n g  physiologi-  
cal  sleep, was  well  co r re l a t ed  w i t h  t h e  pos i t ive  resu l t s  of 
t h e  CSF-d ive r s ion  p rocedures  in  p a t i e n t s  a f fec ted  b y  
n o r m o t e n s i v e  h y d r o c e p h a l u s  ~o, 21. 
H i g h  i n t r a v e n t r i c u l a r  C S F - p u l s a t i o n  w i t h o u t  a n y  signif- 
i c an t  change  in t he  m e a n  i n t r a v e n t r i c u l a r  p ressure  h a v e  
been  p roduced  in t he  course  of t he  p r e s e n t  inves t iga t ion .  
The  resu l t s  of our  e x p e r i m e n t s  s t ress  t he  role of t he  
i n t r a v e n t r i c u l a r  p u l s a t i o n s  in t he  genesis of i n t r a v e n -  
t r i cu l a r  d i l a t a t ion .  Th i s  v iew is s u p p o r t e d  b y  t he  fol lowing 
d a t a  : 
1. Cons i s ten t  r ecur rence  of v e n t r i c u l a r  d i l a t a t i o n  in 
an ima l s  wh ich  u n d e r w e n t  ar t i f ic ia l  increase  of CSF-pu lse  
pressure .  
2. Lack  of v e n t r i c u l a r  d i l a t a t i o n  in an ima l s  w i t h  ex t ra -  
v e n t r i c u l a r  p u l s a t i n g  ba l loons  or w i t h  i n t r a v e n t r i c u l a r  
n o n p u l s a t i n g  ba l loons  ac t ing  on ly  as a mass.  
3. Obvious  r e l a t i onsh ip  of t he  degree  of v e n t r i c u l a r  
d i l a t a t i o n  to  t he  d u r a t i o n  of app l i ca t ion  of ar t i f ic ia l  pulse.  
4. A s y m m e t r i c a l  d i l a t a t i o n  of t h e  l a t e ra l  ven t r i c l e  sub-  
m i t t e d  to ar t i f ic ial  pu lsa t ions .  
5. L a r g e r  d i l a t a t i o n  of t he  v e n t r i c u l a r  regions  which  
received t he  m a x i m u m  i m p a c t  of t he  pulse wave  ( f ronta l  
and,  for a less ex t en t ,  occ ip i ta l  horns) .  
6. D i l a t a t i o n  of t he  d i s t a l  p o r t i o n  of t he  v e n t r i c u l a r  
s y s t e m  in chron ic  expe r imen t s .  
7. Absence  of o b s t r u c t i v e  lesions in t he  C S F - p a t h w a y s .  
F u r t h e r m o r e ,  we s t ress  t he  i m p o r t a n c e  of t he  above-  
m e n t i o n e d  m e t h o d  in o b t a i n i n g  a n  or ig ina l  mode l  of 
c o m m u n i c a t i n g  h y d r o c e p h a l u s  w i t h o u t  p r o d u c i n g  im- 
p a i r m e n t  in t he  C S F - a b s o r p t i o n  a n d / o r  c i rcu la t ion  in 
t he  pe r iphe ra l  s u b a r a c h n o i d  spaces.  
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Fal se  i n t e r p r e t a t i o n  of  m e m b r a n e  t r a n s p o r t  data  due  to  o s m o t i c  v o l u m e  c h a n g e s  of  ce l l s  
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Summary. I t  is shown  theo re t i c a l l y  t h a t  in  a n o n s a t u r a b l e  t r a n s p o r t  s y s t e m  across a cell m e m b r a n e ,  the  k ine t i ca l  
ana lys i s  yields  (erroneously)  a p p a r e n t  s a t u r a t i o n  k ine t ics  if osmot ic  vo lume  changes  of the  cell occur  a n d  are n o t  t a k e n  
in to  account .  E x p e r i m e n t a l l y  t h i s  is i l l u s t r a t ed  for t he  case of ex i t  of glycerol  f rom beef e ry th rocy te s .  

One of t he  c r i t e r i a  in  c u r r e n t  use for  t he  recogni t ion  of 
ca r r i e r  m e d i a t i o n  in m e m b r a n e  t r a n s p o r t  is s a tu r ab i l i t y ,  
as i nd ica t ed  for i n s t ance  b y  a nega t i ve  abscissa  i n t e r c e p t  
in  t he  doub le  rec iproca l  p lo t  of r a t e  versus  c o n c e n t r a t i o n  
( L i n e w e a v e r - B u r k  plot) .  
Th i s  p lo t  is re l iable  a n d  va luab l e  if c e r t a in  r e q u i r e m e n t s  
are  met .  T h e y  inc lude  t he  cond i t ion  t h a t  w h a t  is used 
for t he  absc issa  of t h e  p lo t  are rec iprocal  va lues  of ac tua l  
c o n c e n t r a t i o n s  and  not ,  as h a p p e n s  occasional ly ,  of 
a m o u n t s  of p e n e t r a t i n g  s u b s t a n c e  pe r  cell wh ich  are 
t a k e n  to  r e p r e s e n t  i n t r ace l lu l a r  concen t r a t i ons ,  imp ly ing  
t h a t  t he  cell v o l u m e  is c o n s t a n t .  I f  c o n c e n t r a t i o n s  are 

i nvo lved  t h a t  are suff ic ient ly  h i g h  to  elicit  osmot ic  wa te r  
shi f t s  and,  t he reby ,  changes  of t h e  cell vo lume,  t h e n  t he  
use of quan t i t i e s ,  r a t h e r  t h a n  t r u e  concen t r a t i ons ,  gives 
rise to  s y s t e m a t i c a l  errors .  For  example ,  a n o n s a t u r a b l e  
t r a n s p o r t  sys t em falsely appea r s  to  be s a t u r a b l e  or, in 
t h e  case of a s a t u r a b l e  sys tem,  t he  Michael is  c o n s t a n t  
e v a l u a t e d  f rom the  p lo t  can  be  s u b s t a n t i a l l y  in  e r ror  
(too low). I t  is t he  p u r p o s  e of t h i s  c o m m u n i c a t i o n  to deal  
w i t h  th i s  t y p e  of error ,  b o t h  b y  q u a n t i t a t i v e  discuss ion 
of t he  u n d e r l y i n g  k ine t i c a l  equa t i ons  a n d  b y  e x p e r i m e n t a l  
d e m o n s t r a t i o n :  


