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I o n i z e d  C a l c i u m  i n  t h e  E f f l u e n t  f r o m  V e n t r i c u l o - C i s t e r n a l  P e r f u s i o n  i n  t h e  R a b b i t  

There has been  some con t rove r sy  concerning the  pro-  
b lem whe the r  t he  calcium concen t ra t ion  in t he  cere- 
brospinal  fluid (CSF) is inf luenced by  the  calcium con- 
cen t ra t ion  in the  p lasma  when  the  la t t e r  is a l tered by  
exper imenta l  procedures .  KXMs et  al. 1, e did no t  f ind 
any  change af ter  5-6 h of cont inuous  i.v. infusion of 
calcium and c is ternal  dra inage of CSF in dogs in larger 
series of exper iments .  SCHAIN 3 in s imilar  expe r imen t s  
r epor ted  a d i s t inc t  rise in t he  CSF  concen t ra t ion  of cal- 
c ium of two  dogs af ter  2 h and  BRADBURY 4 found a minor 
rise of the  calcium concen t ra t ion  in the  eff luent  dur ing  
perfus ion of • ven t r icu la r  sys t em of rabb i t s  wi th  a h igh  
concen t ra t ion  of calcium in plasma,  ma in t a ined  for 2 h. 

No previous  s tudies  seem to have  been  unde r t aken  on 
the  concen t ra t ion  of ionized calcium in CSF when  the  con- 

c e n t r a t i o n  of ionized calcium or the  p H  of t he  p l a sma  is 
var ied.  

Methods. R abb i t s  anaes the t i zed  wi th  pe l l tobarbi ta l -  
sodium (initial dose:  30 mg/kg  i.v.) were used. The pre- 
pa ra t ion  of the  an imal  for vent r iculo-c is terna l  perfusion 
was that described by OLDENDORF and I)AVSON 5, always 
performed bilaterally and for 3 h. A steady state of con- 
centrations in the cisternal effluent was achieved after 
75 rain and only results after this time are included. The 
perfusion solution was that described by MERLIS 6 with 
the modification that glucose was replaced by urea. 
Inulin (80 mg/100 ml) was added to the solution, allowing 
the estimation of CSF secretion rate as originally de- 
scribed by HEISEY et al.L 

Blood-samples were obtained from the femoral artery. 
In some experiments the concentration of ionized calcium 
in the plasma was brought to a new constant level by in- 
fusions via the femoral vein. The infusion solutions were: 
Isotonic CaCI 2, I00 mM Na2EDTA in isotonic NaCI, appro- 
ximately 100 m M  chol ine-EGTA. In  2 expe r imen t s  a soluti- 
on of 1 M NH~C1 was infused. The infusions were s topped  if 
the  blood pressure  fell or b radyca rd i a  occurred and s t a r t ed  
again when  the  s i tua t ion  had  been  normalized.  Perfus ion 
was s t a r t ed  when  the  infusion had  been going on for 1~/2 h. 
The concen t ra t ion  of ionized calcium in serum and in the  
cis ternal  ef f luent  was measu red  using the  m e t h o d  de- 
scr ibed by  PEDERSEN s-10, involving p roduc t ion  of serum- 
u l t raf i l t ra tes  a t  37~ and Pco2 ~ 40 m m H g  and colori- 
met r ica l  de t e rmina t ion  wi th  t e t r a m e t h y l m u r e x i d e .  In  all 
of t he  exper iments ,  the  p H  of the  re ta ined  serum af ter  
u l t ra f i l t ra t ion  was  measured.  In  abou t  one th i rd  of the  
exper iments ,  the  p H  of the  b lood was measured,  p H  
in the  cis ternal  e f f luent  was no t  measured  due to  t he  
necessary  use of s i l icone-tubes including the  poss ibi l i ty  
of CO2-escape. Inul in  was measured  colorimetr ical ly  as 
f ructose using an th rone  following acid hydrolys is  (accord- 

ing to a modi f ica t ion  by  SKADHAUGE et al. of the  m e t h o d  
of t-IILGER et a1.11). As double  de t e rmina t ions  were n o t  
possible, single de te rmina t ions  of ionized calcium or 
inulin which differed more  t h a n  3 t imes  SD ill t h a t  experi-  
m e n t  af ter  s t eady  s t a te  were excluded f rom the  data .  

Results.  Both  increasing and decreasing the  se rum con- 
cen t ra t ion  of ionized calcium f rom app rox ima te ly  1.50 to 
app rox ima te ly  3.00 mmoles/1, respec t ive ly  1.00 mmoles/1, 
caused the  concen t ra t ion  in the  cis ternal  eff luent  to rise 
f rom the  normal  a p p r o x i m a t e l y  0.95 to  ap p ro x i ma t e l y  
1.10 mmoles/1. In  2 expe r imen t s  (one wi th  a ve ry  slow 
infusion of CaCI~) t he  cis ternal  ef f luent  concen t ra t ion  was  
h igh  in spi te  of normal  values  of se rum concen t ra t ion  
(Figure 1). In  2 expe r imen t s  NH~C1 was  infused i.v. in 
order  to  t e s t  the  effect  of pH.  These resul ts  are also shown 
in Figure  1. 

Figure  2 shows the  re la t ionship  be tween  the  cis ternal  
eff luent  concen t ra t ion  and  the  p H  in serum af ter  ultrafi l-  
t r a t ion  in 23 exper iments .  A decrease of p H  increases the  
concen t ra t ion  of ionized calcium in the  cis ternal  eff luent .  
Inspec t ion  of the  da t a  showed t h a t  th is  re la t ion was no t  
inf luenced by  the  concen t ra t ion  of ionized calcium in 
serum. The p h e n o m e n o n  was also seen in 9 expe r imen t s  
in which  the  actual  p H  in the  b lood was measured .  In  
these  exper imen t s  the  p H  af ter  u l t ra f i l t ra t ion  was 0.05- 
0.15 p H  uni ts  lower t h a n  t h a t  of the  blood-samples ,  the  
difference being grea ter  the  more  acid the  blood. 

Discussion.  The b lood-cerebrospinal  barr ier  has  been  
found  to be pe rmeable  to  calc ium ~2-~5. However ,  in the  
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Fig. i. The concentration of ionized calcium in the effluent 
from the ventriculo-cisternal perfusion system as a function 
of the concentration, of ionized calcium in the serum. Each 
point represents the average of 2-6 measurements in 1 ex- 
periment. Vertical and horizontal bars indicate ~ S.E.M. 
(23 experiments on 23 rabbits). Symbols: Q, no infusion; 
�9 CaC12 i.v.; V, Na2EDTA i.v.; V, Choline-EGTA i.v.; m, 

, NHr i.v. a) The 1 cannula after the experiment was found to 
be placed in the subarachnoid space in stead of in the ven- 
riele. 
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p r e s e n t  e x p e r i m e n t s  fa i r ly  large  changes  in t h e  s e rum 
c o n c e n t r a t i o n  of ionized ca lc ium were  on ly  to  a smal l  
degree re f lec ted  in t he  e f f luen t  f rom t he  pe r fus ion  sys tem.  

The  dif ference b e t w e e n  p i t  in t h e  s e r u m  af te r  u l t r a -  
f i l t r a t i on  and  in t he  b lood  p r o b a b l y  ref lects  t h a t  s e rum 
f rom the  more  or less me tabo l i ca l l y  ac idot ic  an i ma l s  
du r ing  t he  u l t r a f i l t r a t i o n  p rocedure  was equ i l i b r a t ed  w i t h  
a Pco2 = 40 m m H g .  

The  m a r k e d  effect  of p H  m a y  be  exp l a ined  in d i f fe ren t  
ways :  A p H  i n d u c e d  increase  in s e rum c o n c e n t r a t i o n  in 
ionized ca lc ium can  h a r d l y  h a v e  been  of a m a g n i t u d e  to  
cause  t he  obse rved  change,  p r o v i d e d  t h a t  t he  pe rme-  
ab i l i ty  f rom b lood  to  C S F  has  no t  changed  cons iderab ly .  

Changes  in t i le  secre t ion  r a t e  of C S F  m a y  exp la in  p a r t  
of t h e  effects observed .  However ,  GRAZIANI et  al. ~5 h a v e  
p rev ious ly  d e m o n s t r a t e d  t h a t  on ly  p a r t  of t he  Ca-f lux 
f rom p l a s m a  to  C S F  was af fec ted  b y  t he  secre t ion  ra te ,  
and  in spec t ion  of t he  d a t a  f rom t h e  p r e s en t  e x p e r i m e n t s  
showed  no t e n d e n c y  a t  all t o w a r d s  d i rec t  p r o p o r t i o n a l i t y  
be tween  t he  c o n c e n t r a t i o n  of ionized ca lc ium in t h e  
c i s te rna l  e f f luen t  a n d  t he  r a t e  of secre t ion  of CSF. 
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Fig. 2. The concentration of ionized calcium in the effluent as a func- 
tion of the pH in the serum residue after ultrafiltration. Symbols as in 
Figure 1 (23 experiments on 23 rabbits). 

I t  is k n o w n  t h a t  p H  affects  t he  b ind ing  of ca lc ium to 
subce l lu la r  s t ruc tu res ,  for i n s t ance  in liver.  Calc ium is 
also b o u n d  to  ce rebra l  t i ssue  1~. An  in te r fe rence  w i t h  th i s  
ca lc ium b i n d i n g  b y  a decrease  of p H  m a y  exp la in  t he  
obse rved  increases  in  ionized ca lc ium c o n c e n t r a t i o n  in t he  
d i l u e n t ,  p rov ided  t h a t  p H  in t he  l a t t e r  changed  in t he  
same  d i rec t ion  as pI-I in  p la sma .  

However ,  if a s imple  change  in b i n d i n g  cond i t ions  t ook  
place, as a consequence  of a change  of pH,  one would  no t  
expec t  t h i s  to  cause  t h e  obse rved  c o n s t a n t  increase  of 
ionized ca lc ium c o n c e n t r a t i o n  in t h e  c i s te rna l  eff luent ,  
b u t  r a t h e r  an  in i t i a l  s u d d e n  change  fol lowed b y  a n  ap-  
p r o a c h  to  a c o n s t a n t  concen t r a t i on .  

Calc ium has  been  shown  to  be  t r a n s p o r t e d  b e t w e e n  t h e  
ex t race l lu la r  a n d  in t r ace l lu la r  c o m p a r t m e n t s  in  t he  bra in ,  
for i n s t ance  t h r o u g h  sod ium-ca l c ium exchange ,  d e m o n -  
s t r a t e d  in  ce rebra l  cor tex  f rom cats  zT. A n  in t e r f e rence  of 
p H  w i t h  such  t r a n s p o r t - m e c h a n i s m s  m a y  also exp la in  t he  
obse rved  effects  of pH.  

The  poss ible  phys io logica l  s ignif icance of th i s  pheno-  
m e n o n  awa i t s  exp lora t ion .  

The  resu l t s  also sugges t  t h a t  in  s tud ies  of ca lc ium 
t r a n s P 9 r t  in to  a n d  ou t  of t he  C S F  the  p H  of th i s  f luid a n d  
blood~ should  be  r igorous ly  control led .  

Zusammen/assung. Es wi rd  a m  K a n i n c h e n  gezeigt,  dass  
die K o n z e n t r a t i o n  ion is ie r ten  K a l z i u m s  im Ausf luss  eines 
ven t r i cu lo -c i s t e rna l en  Pe r fu s ions sys t ems  n u r  wenig  yon  
der  P l a s m a k o n z e n t r a t i 0 n  bee in f luss t  ist. p H - E r n i e d r i g u n g  
im B lu r  e rh6h t e  die K o n z e n t r a t i o n  erhebl ich .  
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Stimulat ion by Caffeine of the Calcium Efflux in 

There  is ev idence  t h a t  t he  c o n t r a c t i o n  of ske le ta l  muscle  
caused  b y  caffeine is assoc ia ted  w i t h  l i t t l e  or no depolar i -  
za t ion  of t he  f iber  m e m b r a n e  1-3. C on t r ac t i on  is exp la ined  
as be ing  due  to  t he  release b y  caffe ine of i n t e r n a l l y  
' b o u n d '  calcium4, 5. There  also is ev idence  t h a t  caffe ine 
s t i m u l a t e s  45Ca eff lux in frog and  c rab  muscle~, ~, a n d  
89Sr e f f h x  in b a r n a c l e  musc le  f ibers  8. The  pu rpose  of t he  
fol lowing c o m m u n i c a t i o n  is to  descr ibe  t h e  k ine t ic  resu l t s  
o b t a i n e d  b y  load ing  single b a r n a c l e  f ibers  w i t h  radio-  
ca lc ium a n d  to show t h a t  caffeine,  w h e t h e r  app l ied  
e x t e r n a l l y  or in te rna l ly ,  causes  a rise in  t he  Ca efflux. 

Single muscle  f ibers  were  i so la ted  b y  d issec t ion  f rom 
t h e  depressor  muscle  bund l e s  of spec imens  of Balanus 
nubih~s or B. aquila. Fibers  were  c a n n u l a t e d  in t h e  same  
way  as c rab  musc le  i ibe rs  3 a n d  were t h e n  loaded  w i t h  
45Ca b y  m e a n s  of a m ic ro in j ec to r  9 as modi f ied  b y  CALD- 
WELl. a n d  WALSTER 3. T he  com pos i t i on  of t he  b a t h i n g  
f luid used was as follows (mM/1):  NaC1 465, KC1 10, 
CaC12 10, MgC12 10, N a H C O  s 10 and  p H  7.8. Caffeine was  
o b t a i n e d  f rom S igma  Chemica l  Company .  

Barnacle Muscle Fibers 

The  a c t i v i t y  of 45Ca in t he  w a s h - o u t  spec imens  a n d  t he  
a c t i v i t y  r e m a i n i n g  in t he  f iber  a t  t he  end  of t h e  experi-  
m e n t  were assayed  w i t h  p las t i c  p h o s p h o r  sc in t i l l a tors  
(Nuclear  E n t e r p r i s e s  102A). The  th i ckness  of t he  wal l  of 
t he  p h o s p h o r  cell (outer) was  3 mm.  The  solid ' i nne r '  
p h o s p h o r  was des igned  so as to  d isplace  t he  1.2 ml  of 
w a s h - o u t  sample ,  l eav ing  on ly  a f ine f i lm of f luid ly ing  in 
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