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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 :  
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W e  cons ide r  t h e  case  of ex i t  of a s u b s t a n c e  f r o m  a ceil 
t h r o u g h  a cell m e m b r a n e  devo i d  of p u m p i n g  a c t i v i t y  b u t  
a l l owing  equ i l i b r a t i on ,  in to  a large v o l u m e  of e x t e r n a l  
m e d i u m  w i t h  c o n c e n t r a t i o n  N of n o n p e n e t r a t i n g  s u b -  
s t a n c e s  a n d  c o n c e n t r a t i o n  zero  of p e n e t r a t i n g  s u b s t r a t e .  
3 cases  will  be  c o m p a r e d :  
a) Car r i e r  m e d i a t e d  t r a n s p o r t  w i t h  Michae l i s -Men ten -  
k ine t i c s  a t  c o n s t a n t  cell v o l u m e  V = 1. 
b) T r a n s f e r  w i t h  l inea r  k ine t i c s  (e.g. d i f fus ion)  a t  c o n s t a n t  
v o l u m e  V = 1. 
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Fig. 1. Data from 2 experiments on exit of glycerol from beef erythro- 
cytes at 37~ plotted according to equation la  in a and according 
to equation 5 in b. 
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c) T r a n s f e r  w i t h  l inea r  k ine t i c s  (e.g. d i f fus ion)  w i t h  os- 
m o t i c  v o l u m e  changes .  
T h e  fo l lowing  s y m b o l s  will  be  u sed :  

S~ = intracellular concentration of a substrate 
mt ~ intracellular amount of substrate at time t 
m 0 . = intracellular amount of substrate at time t = O 
t = time 
v = - -  d,n/d~ = rate of exit 
V = volume of the cell 

F u r t h e r m o r e  in case a: 

Vma x = maximal velocity of exit 
km = Micbaelis constant 
'kin' = apparent Michaelis constant (see text) 
a = abscissa intercept in the plot of 1/v vs 1/m (see text) 

I n  case b :  

P = permeability constant of substrate 

U n i t s  u sed  will  be  cell u n i t s  a c c o r d i n g  to  J a c o b s  (un i t  
of c o n c e n t r a t i o n :  i s o t o n i c i t y  E300 m osm/1];  u n i t  of vol-  
u m e :  v o l u m e  of i n t r a c e l l u l a r  w a t e r  in a cell in i ts  n a t u r a l  
e n v i r o n m e n t ) .  T h e  r a t e  e q u a t i o n  for  case  a is t h u s  

S, 
v = vm~x S , +  k~ (1) 

a n d  can  be  w r i t t e n  in t h e  w e l l k n o w n  d o u b l e  r ec ip roca l  
f o r m  

1 1 k m  1 
- -  + (la) 

V Vma x Vma x S l  " 

F o r  case b t h e  r a t e  e q u a t i o n  is: 

v = P . S , .  

Since Si = m / V  a n d  s ince V = 1, in t h i s  case  m a n d  Sl are  
i n t e r c h a n g e a b l e ,  i m p l y i n g  

v = P - m .  

F o r  case c t h e  r a t e  e q u a t i o n  will  be  l ikewise  e q u a t i o n  2 
w h i c h  c a n  be  w r i t t e n  

m 
v = P .  V �9 (3) 

B u t  he re  for  V t h e  c o n d i t i o n  for  o s m o t i c  e q u i l i b r i u m  ho lds  : 

m + l  m m 
- -  = N or Sl = - - =  N - - .  ( 4 )  

V V m + l  

C o m b i n i n g  e q u a t i o n s  4 a n d  3 y ie lds  

m 
v = P N -  (5) 

m + l  

C o m p a r i s o n  of e q u a t i o n  5 a n d  e q u a t i o n  i s h o w s  close 
f o r m a l  s imi l a r i t y .  If ,  in  case  c, t h e  v o l u m e  is e r r o n e o u s l y  
cons ide red  as  c o n s t a n t  (V = 1, a n d  the re fo re ,  m = Si) 
e v u a t i o n  a c c o r d i n g  to  e q u a t i o n  1 wi l l  y ie ld  Vmax = P ' N  
a n d  k m =  1. 
To  t e s t  t h i s  conc lus ion  e x p e r i m e n t a l l y ,  e x p e r i m e n t s  were  
p e r f o r m e d  on  beef  red  cells w i t h  2 s u b s t a n c e s  t h e  p e n e t r a -  
t i o n  of  w h i c h  is k n o w n  to  fo l low l inea r  k ine t i c s  a n d  is 
g e n e r a l l y  a s s u m e d  to  occu r  b y  d i f fus ion :  g lycerol  (at  37 ~ 
a n d  e t h y l e n e  glycol  (at  20 ~ Beef  red  cells we re  equi l i -  
b r a t e d  w i t h  1.0 i so ton ic  s o l u t i o n s  of  t he se  s u b s t a n c e s  
in P B S .  ( p h o s p h a t e  b u f f e r e d  saline) a n d  t h e n  s u s p e n d e d  
in a 1 0 0 0 f o l d  v o l u m e  of  s u b s t r a t e - f r e e  P B S .  E x i t  f r o m  
t h e  cells w a s  fo l lowed b y  r e c o r d i n g  l igh t  s c a t t e r i n g :  a n d  
e v a l u a t e d  b y  m e a n s  of su i t a b l e  c a l i b r a t i o n s  to  give  V 

Fig. 2. Data from 6 experiments on exit of glycerol from beef red 1 G.F .  Fuhrmann, P. Liggenstorfer and W. Wilbrandt, Experien- 
cells at 37 ~ plotted according to equation 6. tia 27, 1428 (1971). 
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and Sl or m (from equa t ion  4) as a funct ion  of t. F igure  1 a 
shows the  resul t  of 2 expe r imen t s  wi th  glycerol in a double  
reciprocal  p lo t  of v versus  S~ according to L ineweaver  
and Burk  e . The abscissa i n t e r cep t  is near  zero (as pre-  
dicted) w i th  a value of -0.009. The p lo t  of 1/v versus  1/m 
(figure 2 b), however ,  yields  a nega t ive  abscissa i n t e r cep t  
of -1.027 and gives a km-value of 0.974. 
The eva lua t ion  according to L ineweaver  and  Burk  re- 
quires the  e s t ima t ion  of slopes, which  decreases the  ac- 
curacy.  Therefore,  2 series of expe r imen t s  were eva lua ted  
w i t h  the  use of in t eg ra ted  equat ions .  E q u a t i o n  l a can, 
for the  condi t ion  V = 1, be wr i t t en  

d t  1 [ 1 +  km~ 
(lb) 

am Vma x ~ m ]  

and  in t eg ra t ed  to give 

t 1 km In (mo/m0 
- -  + (6) 

mo - mt Vmax Vmax mo mt 

which  is formal ly  similar to  equa t ion  1 a, b u t  can be used 
w i t h o u t  e s t ima t ing  slopes. Figure 2 gives the  resul ts  of 
a series of 6 e x p e r i m e n t s  w i th  glycerol a t  37 ~ eva lua ted  
using equa t ion  6. A value of 0.980 + 0.137 is ob ta ined  
for the  nega t ive  abscissa in tercept .  A similar series of 6 
expe r imen t s  w i th  e thylenglycol  a t  20 ~ yielded a nega t ive  
in t e r cep t  of 1.095 • 0.26. Thus,  the  predic t ion  made  

above  in the  discussion ef equa t ion  5 is well subs t an t i a t ed .  
If  the  sys t em under  cons idera t ion  ac tua l ly  is carr ier-  
media ted ,  w i th  a t rue  Michaelis c o n s t a n t  of kin, t h e n  the  
a p p a r e n t  value of km (denoted  as 'kin') as ob ta ined  f rom 
a double  reciprocal  p lo t  of 1/v vs 1/m will be lower t h a n  
t rue  kin, ind ica t ing  a false (too light) value for the  af f in i ty  
of subs t r a t e  to  carrier.  (The error  can  be considerable,  if 
the  af f in i ty  is low, i.e. if km i s high.) This  emerges  f rom 
subs t i t u t ing  equa t ion  4 in to  equa t ion  1 to ob ta in  

(m/[m + 1]) N 
v = Vma x (m/[m + 1]) N + km (7) 

and,  in double  reciprocal  form (after rearranging)  

1 1 1 + -1- N Vmax nl " (8) v Vmax 

The abscissa in t e rcep t  (which, in the  L ineave r -Burk  
evaluat ion,  represen ts  -1/km), t h e n  is 

a 'km' (1 + (9) 

For  N = 1 (e.g. isotonic saline), therefore ,  the  value of 
1/'kin' is h igher  by  1.0 t h a n  1/km. The value of km, then ,  is 

N 
k . . . . .  (10) 

a + l  

2 H. Lineweaver and D. Burk, J. Am. Chem. Soe. 56, 658 (1934). 

C o r t i c o t r o p i n  a n d  n o n s h i v e r i n g  t h e r m o g e n e s i s  
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Summary. Chronic t r e a t m e n t  wi th  cor t ico t rop in  led to reduced  calorigenic effect  of norep inephr ine  in cold accl imat ized 
rats,  b u t  p o t e n t i a t e d  i ts  effect  in controls.  This  inh ib i to ry  effect  was no t  due to the  observed  decrease in cor t icos terone 
p l a sma  level, as i t  was shown by  metop i rone  admin i s t ra t ion .  I t  is concluded t h a t  cor t i co t rop in  could have  a compet i t ive  
act ion on recep tor  sites media t ing  the  calorigenic effect  of no rep inephr ine  in nonsh ive r ing  thermogenesis .  

The occurrence  of nonsh iver ing  thermogenes i s  (NST) in 
c o n s t a n t  or f luc tua t ing  cold-accl imat ised ra ts  is re la ted  
to  a hype r sens i t i v i t y  to calorigenic effects of norepine-  
phr ine  (NE) 2. In  these  animals ,  the  increase in calorigenic 
effect  of NA m a y  be re la ted  to  an increase in l ipolyt ic  
effect  of NE3,  a. Cor t ico t ropin  is also known to  have  a 
I ipolytic ac t ion  in vivo 6 and  in vi t ro  ~, ~. 
The aim of th is  inves t iga t ion  was to s t u d y  the  dependence  
of N E  calorigenic effect  on cor t ico t ropin  or cor t icos terone  
in ra t s  acc l imat ized  to  d i f fe rent  t empera tu res .  

Materials and methods. E x p e r i m e n t s  were pe r fo rmed  on 
L o n g - E v a n s  male  rats.  Animals  were accl imat ized for 
2 m o n t h s  to d i f fe rent  the rmic  condi t ions :  a cont ro l  group 
was ma in t a ined  a t  28~ ( thermal  neut ra l i ty) ,  an o t h e r  
group was accl imat ized to a cons t an t  cold a t  5 ~ (CA). 
The last  g roup  was accl imat ized to  a nyc themera l  fluc- 
t ua t i ng  t e m p e r a t u r e  f rom 5 ~ to 28 ~ (Cy}. The enhance-  
m e n t  of oxygen  c o n s u m p t i o n  by  N E  infusion (4 ~g/kg 
dur ing  15 min) was used as an es t imat ion  of NST 8. 

Oxygen c o n s u m p t i o n  (;VO2) was measured  at  25 ~ using 
a B eckm an  analyzer .  Infus ions  of N E  were pe r fo rmed  
t h r o u g h  the  jugular  vein  on u n a n e s t h e t i z e d  and  un- 
res t ra ined  rats .  Several  days  before exper iments ,  jugu la r  
vein  was ca the ter ized .  P l a sma  and  adrena l  cor t icoste-  
rone levels were e s t ima ted  using f luorometr ic  m e t h o d  of 
Silber e t  al.L 

Results and discussion. W h e n  given by  acute in ject ion 
(10-20 I U / k g  i.v. or i.p.) or infusions (5 IU/kg  dur ing  
15 min), no  effect  of cor t i co t rop in  (ACTH, Choay) on 

VO e or on calorigenic effect  of N E  were observed.  
Chronic admin i s t r a t ion  (2 IU /kg  for 10 days) led to  an 
increase in basal  me tabo l i sm  (20%) and  calorigenic effect  
of N E  (50%) in cont ro ls  (table). In  Cy group, basal  me- 
t abo l i sm was increased (25%) b u t  calorigenic effect  of 
N E  was no t  changed.  In  CA group, basa l  me tabo l i sm was  
no t  changed,  b u t  calorigenic effect  of N E  was decreased 
(40%). 
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