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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 

1 j .  AXELSSON and S. THESLEFF, Aeta physiol, scand, dd, 55 (1958). 
2 D. CONWAY and T. SAKAI, Prec. hath. Acad. Sci., USA 46, 897 

(1960). 
3 p .  C .  C A L D W E L L  and G. W A L S T E R ,  J .  Physiol., Lend. 169, 353 

(1963). 
4 A. SANDOW, Pharmac. Rev. 77, 265 (1965). 
5 A. WEBER and R. HERZ, J. gen. Physiol. 52, 750 (1968). 
6 C. P. BIANCHI, J. gen. Physiol. 44, 845 (1961). 
7 p. C. CALDWELL, Prec. R. See. B. 760, 512 (1964). 
s C. C. ASHLEY, Am. Zool. 7, 647 (1967). 
9 A. L. HODGKI~r and R. D. KEYNES, J. Physiol., Lend. 737, 592 

(1956). 



808 Specialia t~XPERII~NTIA 28/7 

be tween  t he  inne r  and  ou te r  p h o s p h o r  blocks. Sil icone 
fluid a n d  Pe r spex  were used as op t ica l  couplers.  All  
e x p e r i m e n t s  were done  be t w een  22 a n d  24~ 

The  loss of 4~Ca f rom fibers  loaded  b y  mic ro in j ec t ion  
was cons i s t en t ly  non-exponen t i a l ,  as i l l u s t r a t ed  in F igure  
1. The  rap id  phase  was found  to  h a v e  a ha l f - t ime  of 
6 . 9 ~ 0 . 8  m i n  a n d  t h e  slow phase  a ha l f - t ime  of 36.9~=4.5 
min  ( m e a n ~ S . E . ,  n = 9). D e p a r t u r e  f rom e x p o n e n t i a l  
k ine t ics  is a t t r i b u t e d  as be ing  due to  p r o m p t  s eques t r a t i on  
or b ind ing  of ~Ca  b y  t he  sa rcop lasmic  r e t i cu lum and  
mi tochondr i a .  B e h a v i o r  of th i s  t y p e  has  also been  repor ted  
b y  ASHLEY s who  employed  s"Sr i n s t ead  of ~aCa. T a k i n g  
t he  ave rage  r a t e  c o n s t a n t  for  ~Ca  eff lux as 0.7 • 10 -~ 
sec -~, t he  i n t e r n a l  Ca e+ c o n c e n t r a t i o n  as 2 m M  (see 
BITTAR 1~ a n d  t he  d i a m e t e r  of t he  f ibers  as 1 ram,  t h e  
res t ing  ra t e  of Ca 2+ eff lux is ca lcu la ted  to be  3.5 p m o l e / c m  ~ 
sec. Th i s  va lue  is no t  v e r y  d i f fe ren t  f rom 1.8 pmole /cm"  
sec r epo r t ed  b y  LowE ~t for c rab  muscle  fibers, b u t  a t  leas t  
one order  of m a g n i t u d e  g rea te r  t h a n  t h a t  r epo r t ed  b y  
HODGKIN a n d  KEYNES 1~ for squid  axons.  

F igure  2 shows t he  resu l t  of an  e x p e r i m e n t  in  which  a 
1 cm co lumn  of dis t i l led w a t e r  was  in jec ted  in to  t he  f iber  
(4 exper iments ) .  One 'sees  on ly  a v e r y  s l igh t  and  t r a n s i t o r y  
rise in  t h e  Ca efflux, a n  effect  a t t r i b u t a b l e  to  t h e  br ie f  
t i m e  i t  t akes  to  comple te  the  p rocedure  of i n j ec t ing  t he  
suspended  f iber  in  air  a n d  no t  in ar t i f ic ia i  sea water .  

F igure  3 shows t h e  effect  on  rad ioca lc ium eff lux of 
ex t e rna l  app l i ca t i on  of 10 m M  caffeine. Caffeine, i t  will  
be seen, caused a p r o m p t  a n d  s u b s t a n t i a l  r ise in  t he  Ca 
efflux (18 exper iments ) .  E s t i m a t e s  of t he  size of t h e  
caffeine effect  ca lcu la ted  on  t he  basis  of t he  change  in r a t e  
coeff icient  for  4~Ca eff lux led to a n  ave rage  va lue  of 
73.2:~=16.1~o (n = 18). 

Add i t i ona l  e x p e r i m e n t s  were car r ied  ou t  to  i nves t i ga t e  
the  effect  of i n t e r n a l l y  app l ied  caffeine.  The  s t ronges t  
so lu t ion  poss ible  viz. a p p r o x i m a t e l y  100 m M  a t  room 
t e m p e r a t u r e  was  used, w i t h  t he  r e su l t  shown  in F igure  4 
(10 exper iments ) .  The  effect, w h i c h  was  a t r a n s i t o r y  a n d  
m o d e r a t e  r ise in t h e  Ca efflux, is in  sha rp  c o n t r a s t  to  t h a t  
obse rved  w i t h  e x t e r n a l  app l i ca t i on  of 10 m M  caffeine. 
E s t i m a t e s  of t he  size of t he  effect  gave  an  ave rage  va lue  
of 3 9 . 6 •  (~ = 10). This  resu l t  m a y  be  r e l a t ed  to  t he  
fac t  t h a t  on ly  regional  c o n t r a c t i o n s  were obse rved  
fol lowing t he  in jec t ion  of caffeine. 

The  resu l t s  of t h e  e x p e r i m e n t s  p r e sen t ed  here  show 
t h a t  t h e  r a t e  c o n s t a n t s  for ~sCa eff lux in ba rnac l e  muscle  
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Fig. 1. The  ra te  coefficient curve  for 4aCa efflux f rom a barnacle  muscle 
fiber in artificial sea water .  
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Fig. 3. The effect on the rate coefficient for taCa efflux of external 
application of i0 mM caffeine. 
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l~ig. 2. The  effect of inject ing a 1 em column of distilled wate r  on the 
rate coefficient for ~SCa efflux. 
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Fig. 4. The  effect on the ra te  coefficient for ~SCa efflux of in ternal  
application of a 1.5 cm column of a 100 mM caffeine solution. 
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f ibers  are no t  i n d e p e n d e n t  of t ime.  S imi la r  k ine t ics  h a v e  
been  seen in frog 6 a n d  c rab  7 muscle  f ibers ,  a n d  are m o s t  
s i m p l y  i n t e r p r e t e d  on  t h e  t h e r o y  t h a t  t he  b u l k  of t he  
in jec ted  45Ca is fa i r ly  qu ick ly  b o u n d  or seques tered .  T h a t  
t he  large fal l-off  in  t h e  r a t e  c o n s t a n t  for  Ca 2+ eff lux 
d u r i n g  t h e  in i t i a l  phase  of t h e  e x p e r i m e n t  is no t  t h e  
consequence  of a d e t e r i o r a t i n g  Ca ~+ p u m p  is i nd i ca t ed  b y  
t h e  fac t  t h a t  r e i n t r o d u c i n g  t h e  mic ro in j ec to r  in to  t h e  
f iber  d u r i n g  t he  ear ly  p a r t  of t he  slow phase  of Ca e f f lux  
fails to  m o d i f y  t he  b e h a v i o r  of asCa emergence .  On t h e  
o t h e r  hand ,  i t  could  be  a rgued  t h a t  t he  in i t i a l  r a t e  
c o n s t a n t s  for asCa ef f lux  are h i g h  because  of t he  con- 
t r a c t i o n  of these  f ibers  fol lowing loading  w i t h  radio-  
ca lc ium.  Th i s  would  be  exp l a ined  as be ing  t he  resu l t  of 
t he  squeez ing  ou t  of 4~Ca m a i n l y  f rom t he  T-sys tem.  

The  e x p e r i m e n t s  w i t h  caffeine show t h a t  ba rnac l e  
f ibers  are  no t  as sens i t ive  to  t h e  a lka lo id  as c rab  muscle  
fibers.  I t  will  be  r e m e m b e r e d  t h a t  CALI)WELL and  
WALSTER 3 found  c rab  f ibers  to  a lways  s h o r t e n  w h e n  
t r e a t e d  i n t e r n a l l y  w i t h  caffeine,  even  in c o n c e n t r a t i o n s  as 
low as 1 m3dr. This  is no t  t r ue  of ba rnac l e  fibers,  s ince 
c o n c e n t r a t i o n s  as h i g h  as 100 m M  usua l ly  caused  on ly  
local, weak  con t rac t ions .  Th i s  p o i n t  is w o r t h  e m p h a s i z i n g  
in v iew of t he  conc lus ion  b y  AXELSSON a n d  THESLEFF1 
t h a t  i n t e r n a l  app l i ca t i on  of caffeine to frog muscle  does 
n o t  cause  a con t r ac t ion .  I t  is t h u s  qu i t e  possible  t h a t  
d i f ferences  in  e x p e r i m e n t a l  resu l t s  m a y  no t  j u s t  be  
r e l a t ed  to species differences  b u t  also to  t he  presence  of a 
n o n - u n i f o r m  p o p u l a t i o n  of f ibers  w i t h i n  t he  same  muscle  
bundle .  

One e x p l a n a t i o n  for t h e  fa i lure  of caffeine in b o t h  
in s t ances  to  exe r t  an  effect  on  t h e  r ad iocMcium eff lux as 

g rea t  as t h a t  obse rved  in c rab  muscle  f ibers  xl is as follows. 
Caffeine, be  i t  appl ied  e x t e r n a l l y  or in te rna l ly ,  mobi l izes  
a large f r ac t ion  of t h e  ' b o u n d '  calc ium,  r e su l t ing  in con- 
s iderab le  d i lu t ion  of t he  in jec ted  ~sCa b y  t h e  i nac t ive  
calcium. T h u s  fai lure  to  see a fall  in t he  r a t e  c o n s t a n t  for 
~sCa eff lux could m e a n  t h a t  t he  Ca ~+ p u m p  is no t  easi ly 
s a t u r a t e d  or t h a t  t he  ac t ion  of caffeine is ac tua l ly  r a t h e r  
marked .  On th i s  view" t h e  effect  of in j ec ted  caffeine is on ly  
smal l  in  compar i son  to  t h a t  of e x t e r n a l l y  appl ied  caffeine 
because  of a phys ica l ly  weaker  e jec t ion  of t he  a c c u m u l a t e d  
45Ca f rom t h e  region of t he  T-system~8. 

Zusammenfassung. Die Be funde  ergeben,  dass  e inzelne 
Muske l fasern  der  E n t e n m u s c h e l  d u r c h  M i k r o i n j e k t i o n  m i t  
45Ca aufge laden  werden  k6nnen .  E i n e  U m s p i i l u n g  der  
Muske l fase rn  m i t  e iner  cof fe inhal t igen  L6sung  b e w i r k t  
ein s t / i rkeres  A u s s t r 6 m e n  des Calc iums als e ine Mikro in-  
j ek t i on  des Coffeins in  die F a s e r n  d i rek t .  
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Modif icat ion of Hexose  of a Glycoprote in  Obtained f r o m  the Urine of A m i n o n u c l e o s i d e  of P u r o m y c i n  
Nephrot ic  Rats  

R e c e n t l y  we descr ibed  t he  i so la t ion  and  pu r i f i ca t i on  of 
a g lycopro te in  f rom r a t  u r ine  (MUPpg)  w i t h  chemica l  a n d  
immuno log i c  cha rac te res t i c s  s imi l a r  to  t he  non-co l lagen-  
l ike g lycopro te in  of g lomeru la r  b a s e m e n t  m e m b r a n e  
(GBM) I,2. Severa l  i n v e s t i g a t o r s  h a v e  d e m o n s t r a t e d  
a l t e r a t i ons  in  t h e  chemica l  com pos i t i on  of G B M  in 
n e p h r o t i c  an ima l s  a-tl .  Aminonuc leos ide  p u r o m y c i n  (AMP) 
c o n s i s t e n t l y  p roduces  a n o n - i m m u n o l o g i c  n e p h r o t i c  
s y n d r o m e  in r a t s  w h e n  a d m i n i s t e r e d  e i t he r  b y  a single 
large i n j ec t i on  or b y  da i ly  i n t r a p e r i t o n e a l  in ject ionsl~,  ~3. 
Th i s  disease is assoc ia ted  w i t h  a l t e red  g lomeru la r  cap i l l a ry  
p e r m e a b i l i t y  14-16, wh ich  m a y  occur  as a resu l t  of a l t e ra -  
t i on  in b a s e m e n t  m e m b r a n e  chemica l  compos i t ion% The  
p r e s e n t  s t u d y  was des igned  to d e t e r m i n e  w h e t h e r  
q u a n t i t a t i v e  or q u a l i t a t i v e  a l t e r a t i ons  in  M U P p g  occur red  
in assoc ia t ion  w i t h  t h e  d e v e l o p m e n t  of A M P  nephros is .  

Materials and methods. Two consecu t ive  24 h u r ines  
were col lec ted  f rom 50 Sp r ague - D aw l ey  r a t s  (150 g) a t  {tie 
b e g i n n i n g  of t h e  s tudy .  U r i n e  vo lumes  were recorded  a n d  
u r i n a r y  p r o t e i n  exc re t ion  measured .  T he  ur ine  samples  
were pooled and  M U P p g ,  a g lycopro te in  s imi la r  in  chem-  
ical  c o m p o s i t i o n  b u t  of a la rger  molecu la r  we igh t  t h e n  
t h e  non-co l l agenous  G B M  g lycopro te in  desc r ibed  b y  
KEFALIDES 17 was i so la ted  b y  ion e x c h a n g e  c h r o m a t o -  
g r a p h y  on  D i e t h y l a m i n o e t h y l c e l l u l o s e  c h r o m a t o g r a p h y  
( D E A E )  followed b y  S e p h a d e x  G 200 gel c h r o m a t o g r a p h y  
as p r ev ious ly  descr ibed  1, ~. Fo l lowing  base l ine  s tudies ,  
2 g roups  of an ima l s  were used. 

G r o u p  I. A) 15 r a t s  in  th i s  subg roup  rece ived  a s ingle 
large dose (10 mg/100  g b o d y  wt.) of aminonuc leos ide  of 

p u r o m y c i n  (AMP S igma  Biochemicals ,  St. Louis,  Mis- 
souri). B) 15 r a t s  rece ived  da i ly  i.p. in jec t ions  of A M P  
(2mg/100g b o d y  wt.)  for 10 days.  
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