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Stimulation of 4SCa efflux from smooth muscle by extracellular Ca z+ 

SHANES AND BIANCHI 1 first noted  tha t  ex t race l lu la r  Ca 2+ have a s t imula t ing  
effect on the  45Ca efltux from skeletal  umscle. A few years  ago FEINSTEIN 2 and VAX 
I'~REEMEN, DANIEL AND VAN BREEMEN 3 showed the same effect in u ter ine  smooth  
muscle, and  bo th  groups concluded t ha t  the ex t race l lu la r  Ca 2~ p robab ly  act on the 
cell surfaces to s t inmla te  45Ca efflux. This conclusion was based on the following 
observat ions .  This effect was too fast for a preceding pene t ra t ion  of Ca 2+ into the 
cells. EDTA,  a chela t ing agent  not  able to pene t ra te  cell membranes ,  increased the 
4~Ca efflux to about  the  same extent .  Local  anesthet ics  inhib i ted  this CaZ+-stimulated 
45Ca efflux in uter i  but  not  in the  acel lular  tendon.  The first two observat ions  point  
to surface sites, while the  th i rd  indica tes  t ha t  these sites are on the surfaces of the 
cells. Some specifici ty was also noted  in tha t  Sr-o+ bu t  not  Mg-o~ or Na e could replace 
Ca -o+ in s t imula t ing  4~Ca efflux. Ba -o+ was much less effective than  Ca -o+ or Sr-o~-. 
Spontaneous  cont rac t ions  occurr ing af ter  add i t ion  of Ca 2+ were not  responsible for 
the  s t imula t ion  of 4~Ca efflux, since ace ty lchol ine- induced cont rac t ions  had  no such 
effecO. In addi t ion  Ba -o+ caused vigorous contrac tures ,  bu t  had  only a small  effect 
on 4SCa efflux. 

The indica t ions  tha t  the  cell surfaces were involved  led us to inves t iga te  the  
effect of Ca -o+ concent ra t ion  on 45Ca efflux. Uter ine  horns from i m m a t u r e  es t rogen-  
p r e t r ea t ed  ra ts  were isola ted and incuba ted  in K r e b s - R i n g e r  b ica rbona te  solut ion 
conta in ing  1. 5 mM 4aCa-labelled Ca -o+ for 2-3 h. All  solut ions were kept  a t  37 °, p H  7.4, 
and  were bubb led  with  95 .... ..o O-o, 5 °/0 CO-o. The uter i  were then removed,  r insed in 
non- label led  K r e b s - R i n g e r  b ica rbona te  solution, followed b y  a washout  of the  radio-  
a c t i v i t y  into a series of tes t  tubes  conta in ing  Ca-o+-free K r e b s - R i n g e r  b ica rbona te  
solut ion for 65 inin. At  this t ime Ca 2+ was added  to the washout  solut ion to br ing 
its concent ra t ion  to one of the following: 0.05, o.I ,  0.2, 0.5, I.o, or 2.0 raM. Af ter  
40 rain of washout  in the  K r e b s - R i n g e r  b ica rbona te  solut ion conta in ing Ca -o~ the 
tissues were b lot ted ,  weighed and ashed. Samples  from the efflux tubes  and dissolved 
ash were dr ied  on a luminum planchet tes  and  counted  in a micro-window continous 
gas  flow counter  (Nuclear Chicago D-47 ). For  more deta i led  exper imenta l  procedure  
and  composi t ion  of K r e b s - R i n g e r  b ica rbona te  solut ion see ref. 3. 

Each  curve of Fig. I shows the  decline of the  log of 4SCa concent ra t ion  in the 
uter ine horns as they  lose r ad ioac t i v i t y  to the  Ca-o+-free K re bs -R inge r  b ica rbona te  
solut ion for the  first 65 min and then as t hey  lose it at  a faster  ra te  to the Ca-o ~- 
con ta in ing  K r e b s - R i n g e r  b ica rbona te  solution. The s t imula t ion  of the  4~Ca efflux 
increases wi th  increasing ex te rna l  Ca -°k concentra t ions  and sa tu ra tes  a t  about  2 raM. 

In  Fig. 2 we have  p lo t t ed  the  results  of 5 of these sets of exper iments  in a 
different  way.  The increase in the  ra te  of 45Ca efflux Ak (the change in the  slope of 
the  efflux curve at  65 rain mul t ip l ied  b y  2.3) is p lo t t ed  as a funct ion of the ex te rna l  
Ca -o+ concentra t ion.  Each  point  is the  average of 5 exper iments  and  each vert icle  
ba r  indicates  twice the  s t a n d a r d  error  of the  mean.  To these points  is f i t ted a calcu- 
la ted  curve for the  hyperbol ic  funct ion:  

Jk  [Ca-o-] 
/ J k m ~ x  K + rCa 2.] 
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where ECa 2+] =- the  concent ra t ion  of Ca 2+ in the  efflux solut ion af ter  65 rain;  Akmax = 
the m a x i m u m  change in ra te  of 45Ca efflux ---- 2.21 h-~; and  K = a cons tan t  corre- 
sponding  m a t h e m a t i c a l l y  to the dissociat ion cons tan t  in the  law of mass  act ion ex- 
pression ---- 2.7" IO -4 M. 

.E 
E 

8 

o ~'o 4'0 ~'o 8o ,4,o 
Time (min) 

x 2.O- 
Z- 

8 

~. ~.o- 
._C 

T 

o o:2 o:40:6o:8 ~:o 2:o 
EC~#m.) 

Fig. I. Efflux curves  (counts /min  in t issue vs. t ime) from a group  of r a t  u te r ine  horns  which  
were effluxed in to  Ca2+-free K r e b s - R i n g e r  b i c a rbona t e  so lu t ion  for the  first  65 min  and in to  
K r e b s - R i n g e r  b i ca r bona t e  so lu t ion  con ta in ing  Ca 2+ for the  fol lowing 4 ° min. The n u m b e r  to the  
r i gh t  of each curve  ind ica tes  mmoles  Ca 2+ per  1 of K r e b s - R i n g e r  b i ca rbona te  solut ion dur ing  
the  l as t  4 ° rain. For  the  convenience  of showing all  Ca 2+ concen t ra t ion  effects in one figure on ly  
the  shapes  of the  curves  are shown, no t  the  abso lu te  values .  The t i ssue  concen t ra t ions  of 45Ca 
a t  t i m e  zero were a p p r o x i m a t e l y  the  same in a l l  u te r ine  horns. 

Fig. 2. The increase  in r a t e  of 45Ca efflux upon  chang ing  from Ca2+-free to Ca2+-containing K r e b s -  
R inge r  b i ca rbona t e  so lu t ion  (dk  in h -1) is p lo t t ed  as a func t ion  of the  ex t e rna l  Ca 2+ concen t ra t ion .  
The  ver t i c le  bars  ind ica te  twice  the  s t a n d a r d  errors of the  means.  The solid line represents  t h e  
theore t i ca l  curve  for the  equa t ion  ~ k / / I k m a x  - -  ICa2+l/(/f + [Ca2+]). See t e x t  for symbols  used. 

I t  is of in teres t  to reflect on the  possible meaning  of the  hyperbol ic  re la t ionship  
between the increase in 45Ca efflux and the  ex te rna l  Ca 2+ concentra t ion,  and  on the  
value  of K.  ]3RINK 5 suggests  t ha t  a hyperbol ic  re la t ionship  between a cellular  p r o p e r t y  
(in this  case an increased 45Ca efflux) and  the ex te rna l  Ca 2+ concent ra t ion  reflects 
the  b ind ing  of Ca 2+ to a cellular  componen t  (in this  case p robab ly  the  cell membrane) .  
If such a cellular p r o p e r t y  is l inear ly  re la ted  to the  concent ra t ion  of Ca 2+ bound  to  
the  cellular  component  in quest ion,  then  the es t ima ted  cons tan t  K corresponds to  
the  dissociat ion cons tan t  for the  b inding  react ion between Ca 2+ and the cellular  corn- 
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ponent .  This in t e rp re t a t ion  would mean t ha t  sites on the in tac t  smooth  muscle 
membranes  b ind  Ca 2 ~ and t ha t  the  dissociat ion cons tant  of this  react ion is 2. 7 • Io  .4 M. 

Some suppor t  for this  i n t e rp re t a t ion  is furnished by  GENT, TROUNCE AND 
WALSER s who found a dissociat ion cons tan t  of 2.8. IO -4 M for the  b inding of Ca 2~ to 
f ragmented  red blood cell membranes .  Resul ts  from exper iments  now in progress in 
our  l abo ra to ry  make i t  at  least  plausible t ha t  we are deal ing with a membrane  
phenomenon.  In these exper iments  an art if icial  phosphol ip id  membrane  separa tes  two 
aqueous  solutions. If  45Ca is added  to one side of the  inembrane,  the  addi t ion  of 
non- label led Ca 2+ to the  o ther  side of the membrane  grea t ly  increases the flux of 45Ca 
into the  solut ion conta in ing the non- label led Ca 2÷. This phenomenon also sa tu ra tes  
a t  abou t  2 raM. 

A measure  of Ca 2+ affini ty of smooth  muscle cell surfaces is of pa r t i cu la r  in teres t  
since it is widely accepted  t ha t  a superf icial ly bound  Ca 2+ fract ion regulates  smooth  
muscle exc i tab i l i ty  7 i0. I t  has also been proposed  tha t  drugs and neuro t ransmi t t e r s  
modi fy  this Ca~+-mediated regula t ion  by  changing membrane  affinity for Ca 2~ 
(refs. n ,  12). 
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