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f rom 30 to  100% of t h e  control ,  p r o b a b l y  in d e p e n d e n c e  
on t he  me tabo l i c  s t a t e  of t he  p r e p a r a t i o n .  E v e n  la rger  
effect  is r egu la r ly  obse rved  a f t e r  w a s h - o u t  a n d  r epea t ed  
app l i c a t i on  of ep inephr ine .  I t  is to  be  no t i ced  t h a t  t he  
c o n t r a c t i l i t y  r e a p p e a r s  a f te r  e p i n e p h r i n e  in  Ca-free 
Tyrode .  T ime  to  p e a k  t ens ion  is s ign i f i can t ly  shol%er t h a n  
t he  p l a t eau  phase.  This  d i ssoc ia t ion  is p a r t i c u l a r l y  m a r k e d  
in cats.  Is is a s sum ed  t h a t  t h e  m e c h a n i c a l  response  
or ig ina tes  f rom a d d i t i o n a l  l i b e r a t i o n  of Ca f rom the  
re t i cu la r  stores.  C o m p a r a b l e  effects were o b t a i n e d  a f t e r  
t h e  a d m i n i s t r a t i o n  of n o r e p i n e p h r i n e  a n d  i sopro te reno l  in  
t h e  same dose. The  reac t ion  to  all  3 c a t echo l am i nes  was 
en t i r e ly  p r e v e n t e d  b y  f i -adrenolyt ic  a g e n t  p rop rano lo l  
( Inderal ,  c o n c e n t r a t i o n  1 0 •  exceed ing  t h a t  of epi- 
nephr ine) .  

I f  t h e  miss ing  Ca is a d d e d  to  t h e  so lu t ion  a t  t h e  pe r iod  
of ful ly deve loped  effect  of ep inephr ine ,  i m m e d i a t e l y  a 
second  c o n t r a c t i o n  appea r s  d u r i n g  t h e  t e r m i n a l  phase  
of A P  (not  shown  in t he  Figure) ,  t h e n  t h e  in i t i a l  mechan i -  
cal response  r ap id ly  increases  a n d  s u b s e q u e n t l y  t h e  A P  
sho r t ens  to  t he  v i c in i t y  of t h e  con t ro l  values.  

F r o m  these  e x p e r i m e n t s  i t  can  be  deduced  t h a t  t he  
r e p o r t e d  absence  of in f luence  of ep i neph r i ne  on A P  
d u r a t i o n  m i g h t  r e su l t  f r om i t s  2 oppos ing  effects : t h e  f i r s t  

t ends  to p ro long  t he  t i m e  of r epo la r i za t ion ;  t h e  second 
is ind i rec t  a n d  appea r s  to  be r e l a t ed  to increased  in t r a -  
cel lular  c o n c e n t r a t i o n  of Ca. A t  n o r m a l  Ca c o n c e n t r a t i o n  
a n d  m e d i u m  ra tes  of dr iving,  b o t h  effects are in an  
a p p r o x i m a t e  equi l ibr iu  m &nd c o u n t e r b a l a n c e  each o ther .  

Zusammen/assung. I m  Gegensa tz  zur  K o n t r o l l b e d i n -  
gung  (Tyrode l6sung  1.8 m M  Ca, 31~ Re iz f r equenz  
30/rain) t u f t  A d r e n a l i n  6 • 10-~M im Ca-fre ien Milieu 
eine s ign i f ican te  Ve r l~nge rnng  der  A k t i o n s p o t e n z i a l e  
he rvor .  Die Zugabe  yon  Ca ~+ k e h r t  die A k t i o n s p o t e n -  
z i a ldaue r  m i t  vol ler  E n t w i c k l u n g  der  pos i t i v  i n o t r o p e n  
W i r k u n g  zu A u s g a n g s w e r t e n  zuriick. 
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Respiratory Properties of the Blood of the Thornback Ray 

O x y g e n  d issoc ia t ion  p roper t i e s  of whole  b lood of 
severa l  e l a s m o b r a n c h s  h a v e  been  inves t iga ted ,  b u t  few 
recen t  s tud ies  h a v e  been  concerned  w i t h  ska tes  or rays.  
Ar t e r i a l  b lood  samples  c an  be  o b t a i n e d  v i a  indwelI ing  
c a t h e t e r s  w i t h o u t  d i s t u r b i n g  t he  r e s t ing  fish. T he  ave rage  
p H  of a r te r ia l  b lood  in  v ivo  is 7.7 a t  15~ Po2 is low 
(about  58 m m  Hg) b u t  h ighe r  va lues  were  o b t a i n e d  
d u r i n g  h y p e r v e n t i l a t i o n ,  a t  low t e m p e r a t u r e s ,  a n d  f rom 
a n a e m i c  fish. 

Dissoc ia t ion  cu rves  (Figure  1) were d e t e r m i n e d  us ing  
a m i x i n g  me thod .  Because  of progress ive  changes  in t he  
Po2 of such  mix tu res ,  each  sample  was  used for no more  
t h a n  two po in t s  on  t he  curves.  T h e  oxygen  capac i t y  
(3.5 ml /100 mI  blood, 1.c. ~ 0.9) is r e l a t ive ly  low. The  
s igmoid  d issoc ia t ion  cu rve  (Hill  e x p o n e n t  n ~ 2.5, 
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Fig. t. Raia  clavata 0 2 dissociation curve of whole blood at pH 7-7, 
15 ~ (average of 15 individuals). Horizontal bar indicates 95 % con- 
fidence limits of P~0. Insert shows the Bohr effect. 

1.C. = 0.3) has  a Ps0 of 30.2 m m  H g  (1.c. = 2.8) a t  t he  
phys io logica l  p H  of 7.7 a t  15~ As in Rata oscillata ~ a 
def in i te  B o h r  sh i f t  (A log Pso/A pFI = --0.25 :~ 0.03) is 
f o u n d  (Figure  1), b u t  i t  is less t h a n  t h a t  of m o s t  f ishes 
a n d  of h u m a n  blood.  The re  is also ev idence  for a H a l d a n e  
effect  (Figure 2) wh ich  c o n t r a s t s  w i t h  resul t s  ob t a ined  
on  dogf ish  b lood 2, b u t  is cons i s t en t  w i t h  t he  presence  
of a B o h r  effect  wh ich  theo re t i ca l ly  requi res  a H a l d a n e  
effect  of s imi la r  magni tudeS.  
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Fig. 2. R. clavata Log PCO~-pH diagram of whole blood. Each point 
represents a mean of 4-6 measurements. Fresh blood used for equi- 
libration at each PCO2. Bicarbonate concentration calculated from 
pK- = 6.08 at pH 6.75 and 15~ ~ = 0.0535, was about 3.4 mM/l 
at pH 7.7. Buffer capacity (A HCO3-/I/A pH) was approximately 
10 slykes between pH 7.4 and 7.7. 
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Ps0's of a b o u t  30 spec imens  of d i f fe ren t  b o d y  weights  
(45 g-7.5 kg) were c o m p a r e d  and  the re  was some sugges- 
t ion  of a h ighe r  a f f in i ty  a m o n g  smal ler  specimens,  
b u t  t he re  was m u c h  var iab i l i ty .  The  presence  of such  a 
d i f fe ren t ia l  was  t e s t e d  because  of ind ica t ions  t h a t  
' e m b r y o n i c '  h aemog l ob i n s  h a v e  a h igher  oxygen  a f f in i ty  
w i t h i n  t he  egg cases of ska tes  4 a n d  o the r  e l a smobranchs .  

I t  is conc luded  t h a t  t he  d a t a  r epo r t ed  here  ref lect  
cond i t ions  in  t he  i n t a c t  f ish more  closely t h a n  in p rev ious  
s tudies  because  d e t e r m i n a t i o n s  were car r ied  ou t  w i th in  
ha l f  a n  h o u r  of b lood  h a v i n g  been  w i t h d r a w n  f rom 
c a t h e t e r s  t h a t  h a d  r e m a i n e d  w i t h i n  t he  f ish for severa l  
days.  There  are ind ica t ions  t h a t  changes  in t he  r e s p i r a to ry  
p roper t i e s  of b lood  also occur  in b lood  samples  t a k e n  f rom 
o the r  fish. 

Rdsumd. Quelques  propr i6 t6s  resp i ra to i res  du sang  de 
la ra ie  (Raia clavata) on t  6t6 d6 te rmin6es  avec  des 6chan-  

t i l lons  de ca th6 t e r  in t r avascu la i r e .  Chaque  6chan t i l lon  
6 ta i t  ut i l is6 s eu l emen t  pou r  deux  po in t s  de la courbe  de 
d issoc ia t ion  -O2- ,  parce  que  les propr i6t6s  c h a n g e n t  apr~s 
une  demie-heure .  On a cons t a t6  u n  effet  de B o h r  (A log 
Pso/A p H  = --0.25 ~: 0.03) a ins i  que celui d ' H a l d a n e .  
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A Computer  P r o g r a m  for the Calculat ion of the Free Ligand Concentrat ions  
in Cases  of Multiple Binding  to Prote ins  

I n  m a n y  e x p e r i m e n t a l  s i t ua t ions  in v i t ro  or in  vivo,  a 
r egu la to ry  ac t ive  compound ,  such  as a d rug  or a ho rmone ,  
is b o u n d  w i t h  cons iderab le  aff ini t ies  b y  p ro te ins  wh ich  
are no t  d i r ec t ly  i nvo lved  in t h e  r egu la to ry  ac t ion  exer ted  
b y  t he  compound .  Such  unspecif ic  b i n d i n g  d imin i shes  
t he  free ac t ive  c o n c e n t r a t i o n  of t h e  c o m p o u n d  and  
inf luences  i ts  m e t a b o l i s m  as well  as i ts  r egu la to ry  func-  
t ions.  There fore  t he  ha l f -max ima l - e f f ec t ive  dose of t he  
c o m p o u n d  m a y  be  ove re s t ima ted ,  a n d  also mis in t e r -  
p r e t a t i o n s  conce rn ing  t he  mode  of ac t ion  of the  c o m p o u n d  
are poss ible  w h e n  t he  dose response  curve  is no t  cor rec ted  
for  such  seconda ry  b i n d i n g  1. 

M a n y  l abora to r i e s  h a v e  d i rec ted  t h e i r  effor ts  t owards  
t he  d e t e r m i n a t i o n  of t he  b i n d i n g  capac i t ies  and  aff in i t ies  
of va r ious  p l a s m a  or t i ssue  p ro t e in s  for  d rugs  and  hor-  
mones  2, 8, a. The  knowledge  of these  b i n d i n g  p a r a m e t e r s  
pe rmi t s  t h e  ca lcu la t ion  of t h e  ac t ive  concen t r a t i ons  of 
these  s u b s t a n c e s L  I n  t he  case of mu l t i p l e  classes of 
b i n d i n g  si tes for one a n d  t he  same  compound ,  such  
ca lcu la t ions  p r o v e d  to be  q u i t e  tedious .  There fore  
c o m p u t e r  p r o g r a m s  for  a single 5 a n d  two classes of 
b i n d i n g  sites% wh ich  were based  on  t he  expl ic i t  so lu t ion  
of a b i n d i n g  equa t ion ,  h a v e  been  publ i shed .  The  general-  

P 

B E 

C �9 D 

Fig. 1. Set graph of the procedure used for the implicit solution of the 
binding equation. - The nodes in the set graph designate sets of 
executable operations. For the meaning of the letters on the nodes 
and the symbols on the branches see text. 

i za t ion  for severa l  b i n d i n g  si tes was sugges ted  to me b y  
Dr. P. BALLY. I n  t he  p r e sen t  r e p o r t  a c o m p u t e r  p r o g r a m  
which  solves a b i n d i n g  e q u a t i o n  w i t h  a n  impl ic i t  m e t h o d  
for a n y  n u m b e r  of classes of b i n d i n g  si tes is descr ibed.  

Algorithm and Computer program. The  b i n d i n g  of a 
l igand  H to mu l t ip l e  classes of b i n d i n g  si tes can  be 
descr ibed  b y  t he  fol lowing b i n d i n g  e q u a t i o n :  

CiHf 
H~ = H f +  ~ I A T T ~  f 

where Ht designates the total concentration of the ligand, 
H x the concentration of the free unbound ligand, C, and 
A~ tile b i n d i n g  capac i t ies  a n d  aff in i t ies  (expressed as 
d issoc ia t ion  cons tan t s ) ,  r e spec t ive ly  of t he  d i f fe ren t  classes 
of b i n d i n g  si tes and  n the  n u m b e r  of classes of b i n d i n g  
sites. 

The  logic s t r u c t u r e  of t he  a l g o r i t h m  used for t he  
impl i c i t  so lu t ion  of th i s  b i n d i n g  e q u a t i o n  is dep ic ted  in 
t he  set  g r a p h  in F igure  1. The  a l g o r i t h m  s t a r t s  w i t h  a n  
open ing  set  of ope ra t ions  (A) wh ich  in i t ia l ize  t he  proce-  
dure  (P) b y  ca lcu la t ing  a t o l e r a t ed  abso lu te  e r ror  of t h e  
so lu t ion  of t he  b i n d i n g  e q u a t i o n  f rom a specif ied re la t ive  
er ror  a n d  b y  a s suming  a n  in i t ia l  va lue  for Ha. Th i s  is done  
b y  s e t t i ng  H I equa l  to  t he  u p p e r  l i m i t  H, .  The  fol lowing 
set  of ope ra t ions  (B-E)  is execu ted  r e p e a t e d l y  as i nd ica t ed  
b y  t he  s t a r r ed  s y m b o l  in  t h e  set  g r a p h  u n t i l  e i t he r  t h e  
ac tua l  e r ror  of t he  so lu t ion  is smal le r  or equa l  to  t he  
t o l e r a t e d  abso lu t e  e r ror  or t h e  ac tua l  n u m b e r  of i t e r a t i ve  
cycles exceeds a specif ied u p p e r  l imi t .  The  b i n d i n g  
e q u a t i o n  is w r i t t e n  in t he  fo rm:  

Ht__Hf__ ~ -~ CiHf ~ I  A ,  ~ ~:~ " - error 
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