
768 Specialia EXPERIENTIA 30/7 

Uti l izat ion of a Cellular Calc ium Pool  for Contract ion of the H u m a n  M y o m e t r i u m  

Mechanical ac t iv i ty  of smooth  muscle, l ike t h a t  of 
skeletM muscle, is regulated by  changes in the  level  of 
free Ca ions in the  myop lasm ~,~. S t imulan ts  and de- 
pressants of smooth  muscle appear  to act  by  e levat ing 
and lowering the  myoplasmic  Ca concentrat ion.  Various 
proposals have  been made  wi th  regard to the  source of 
the  Ca ions tha t  enter  the  cytoplasm.  

Acetylchol ine and other  s t imulants  of the  m y o m e t r i u m  
m a y  elevate  myoplasmic  Ca by increasing the  permeabi l i ty  
of membrane  to external  Ca, by  molil izing bound  Ca 
f rom cellular stores or by  a combined effect of the  two 
processes~, 2. In  spite of an early demons t ra t ion  tha t  
contract i le  responses by  drugs could be elicited f rom 
depolarized smooth  muscles in Ca free solutions and of 
other  da ta  in support  of a cellular pool  of Ca a, the  
existence of an intracel lular  store of the  ac t iva to r  Ca in 
smoo th  muscles is not  unequivocal ly  accepted 4-6. The 
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Fig. 1. Contractile response of K-depolarized human myometrium 
to varying Ca concentrations in Krebs-Ringer medium. 
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Fig. 2. Response of K-depolarized human myometrium induced by 
acetylcholine in 0.1 mM (low Ca) and zero-Ca media. Acetylcholine 
(ACh) concentration was 10 ~r g/ml. 
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Fig. 3. Repeated contractions of K-depolarized human myometrium 
in ~ero-Ca medium. At 0 min the bath solution was changed from low 
Ca to zero-Ca. Responses were induced by ACh (10 .r g/ml) at 
;ymbols (�9 in the figure. 

results presented here give strong evidence for the  exis- 
tence of a cellular calcium pool  in the  h u m a n  m y o m e t r i u m  
from which Ca can be mobil ized by  acetylcholine to 
induce contract ion.  

Myometr ia l  strips (0.5 • 3 • 15 ram) f rom non-pregnant  
tissues r emoved  at hys te rec tomy were moun ted  in a 20 ml 
organ ba th  filled wi th  Krebs-Ringer  b icarbonate  solution. 
The  composi t ion of this solut ion was r aM:  NaC1 115, 
KC1 4.63, CaC12, 2.47, MgSO~, 1.16, NaHCO3, 21.9, 
N a i l @ O n  1.16, glucose 5.0. 

Two other  solutions were used in these exper iments  
and are referred to as low Ca where Ca in the  Krebs- 
Ringer  solution was reduced to 0.1 raM, and zero-Ca 
where Ca was omi t t ed  bu t  1 m M  E G T A  was added. In  the  
depolarizing medium,  all of the  NaC1 was replaced by  
KC1. 

Mechanical  responses were recorded isometr ical ly  at  
37~ I l lustrat ions are t raced f rom original recordings, 
omi t t ing  the  periods of washings and solution changes. 

W h e n  K-depolar ized myomet r i a l  strips were exposed 
to increasing Ca concentra t ions  (0.6-4,1 raM), graded 
mechanica l  responses were obta ined (Figure 1). This 
clearly indicates  t ha t  external  Ca can di rec t ly  cause 
contract ion of the  depolarized myomet r ium,  which is 
essential ly in agreement  wi th  the  results obta ined by 
EDMAN and SCHILD 3 on depolarized ra t  uterus. F igure  2 
compares  the  responses of the  depolar ized m y o m e t r i u m  
induced by acetylcholine in zero-Ca and Ca-containing 
solution. The fact  t ha t  the  responses to acetylcholine 
were considerably faster (Figure 2) t han  those induced by 
the  addi t ion  of Ca (Figure 1) suggests t ha t  a cellular pool 
of Ca is being ut i l ized in the  former  case. This  is fur ther  
supported by  the  results in Figure  2 showing tha t  acetyl-  
choline was able to induce contract ion in zero-Ca med ium 
(which contained 1 m M  F, GTA). Changing the  med ium 
from low Ca to zero-Ca resulted in 67% decline of rest ing 
tension. Signif icant  response to acetylchol ine was ob- 
ta ined in zero-Ca medium.  This  response was con- 
s iderably reduced when compared  wi th  t h a t  obta ined in 
low Ca med ium (Figure 2). The type  of response obtained 
in zero-Ca med ium was also different  from tha t  in low Ca 
medium.  In  Ca-containing medium,  a sharp peak  followed 
by a sustained cont rac ture  (a biphasic response) was 
observed (Figure 2), while in zero-Ca med ium the  peak 
was abolished and only the  sustained cont rac ture  (a 
monophasic  response) was obtained.  

EDMAN and SCHILD 3, in their  s tudy  on the  depolarized 
ra t  uterus, observed a loss of response in successive con- 
t ract ions  induced by acetylchol ine in a Ca-free medium.  
These authors  observed t h a t  af ter  I h, when several repeat-  
ed contract ions by  acetylcholine had been induced, the  
responses became insignificant.  A similar  loss of response 
to s t imulants  of o ther  smooth  muscles in Ca-free med ium 
has been repor ted  (e.g.1,2). I n  fact  cer ta in  m a m m a l i a n  
smooth  muscles failed to respond to acetylchol ine  in Ca- 
free med ium ~. Figure  3 shows tha t  the  mechanica l  response 
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induced  b y  ace ty lcho l ine  in zero-Ca m e d i u m  r e m a i n e d  
u n c h a n g e d  for 2 h, in  wh ich  t i m e  9 successive con t r ac t i ons  
were induced .  I t  appea r s  the re fo re  t h a t  no t  on ly  d i f fe ren t  
s m o o t h  muscles  differ  in t he i r  Ca b i n d i n g  p rope r t i e s  b u t  
t he  same  muscle  f rom d i f fe ren t  species m a y  differ  in  th i s  
respectS,  9 The  p r e sen t  results ,  showing  t h a t  t he re  was no  
decl ine  in response  in successive c o n t r a c t i o n s  induced  b y  
ace ty lcho l ine  in zero-Ca m ed i um ,  ind ica t e  t h a t  Ca which  
is mobi l ized  b y  ace ty lcho l ine  is loca ted  e i the r  in t race l lu-  
l a r ly  or on  t h e  i nne r  surface of the  cell m e m b r a n e .  Th i s  
Ca, d u r i n g  i ts  mob i l i z a t i on  for con t rac t ion ,  does no t  a p p e a r  
to  leak ou t  in to  t he  ex t race l lu la r  m e d i u m ,  since in t h a t  
e v e n t  t he  dif fused Ca would be c a p t u r e d  b y  E G T A  in the  
e x t e r n a l  m e d i u m  (see me thods )  and  would  no t  be  ava i l ab le  
for the  consecu t ive  con t r ac t i ons  (Figure  3). A l t e rna t ive ly ,  
the  cel lular  ca lc ium pool  is e n o r m o u s l y  g rea te r  t h a n  t he  
f r ac t ion  mobi l i zed  d u r i n g  a con t rac t ion .  No i n f o r m a t i o n  
on  t h e  precise  loca t ion  of t h i s  Ca or t h e  m e c h a n i s m  of i ts  
release a n d  r e - a c c u m u l a t i o n  can  be  given.  P r e l i m i n a r y  
e x p e r i m e n t s  on i so la ted  m i t o c h o n d r i a  a n d  microsomes  
f rom th i s  t i ssue  showed  t h a t  ace ty lcho l ine  in t he  concen t r a -  
t ion  used in t he  p re sen t  e x p e r i m e n t  h a d  no effect  on  Ca 
b i n d i n g  or release b y  these  f rac t ions  ~, 1~, n.  

Zusammen/assung. I m  K-depo la r i s i e r t en  M y o m e t r i u m  
is t  die mechan i s che  A k t i v i t g t  d u r c h  die extrazel lul / t re  
C a - K o n z e n t r a f i o n  g radu ie rbar .  Zugabe  yon  Ace ty lcho l in  
in  die Ca-freie, depolar i s ie rende  L6sung  e rg ib t  mechan i sche  
S p a n n u n g s e n t w i c k l u n g  des Myome t r i ums .  
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Temperature Responses of Exercizing Dogs to Infusion of Electrolytes 

I n  man ,  equ i l i b r ium levels of rec ta l  t e m p e r a t u r e  (Tre) 
d u r i n g  exercise are h i g h l y  cor re la ted  (r = +0 .71)  w i t h  
p l a s m a  sod ium a n d  osmot ic  concen t r a t i ons ,  b u t  are 
essen t ia l ly  u n r e l a t e d  (r = + 0.34) to  v a r i a t i o n s  in  p l a s m a  
v o l u m e  ~-3. This  ion -osmot ic  fac to r  appea r s  to  ac t  b y  
con t ro l l ing  swea t  g l and  f u n c t i o n ;  t h a t  is, t he  r a t e  of 
swea t ing  is inve r se ly  p r o p o r t i o n a l  to  t he  p l a s m a  ionic- 
osmot ic  concen t r a t i on .  I t  is no t  c lear  if t he  ions ac t  
d i r ec t ly  on  the  swea t  g lands  or if t he  ac t ion  is p r i m a r i l y  
on t he  h y p o t h a l a m u s .  HASAMA 4 was one of the  f i rs t  to  
observe  t he  r e l a t i onsh ip  b e t w e e n  p l a s m a  ionic concen t r a -  
t i on  a n d  b o d y  t e m p e r a t u r e  in  r e s t i ng  an i m a l s  and  more  
r ecen t l y  MYERS a n d  YAKS~ 5 found  t h a t  so lu t ions  of 3 to 
5 t i m e s  n o r m a l  c o n c e n t r a t i o n  of sod ium in jec ted  in to  t he  
cerebra l  ven t r i c les  of m o n k e y s  increased  re s t ing  t e m p e r a -  
t u r e  a n d  s imi la r  c o n c e n t r a t i o n s  of ca lc ium decreased  
b o d y  t e m p e r a t u r e .  T h e y  p o s t u l a t e d  t h a t  t he  s e t p o i n t  for 
b o d y  t e m p e r a t u r e  d u r i n g  res t  was  d e t e r m i n e d  b y  t he  
Na+/Ca++ rat io.  I n  t h e  p r e s en t  s t u d y  t he  effect  of infus ions  
w i t h  so lu t ions  of va r ious  ionic and  osmot ic  compos i t i on  
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Fig. 1. Average (~  S.E.) rectal temperature responses at rest 
(0-min) and during 60 min of exercise for the 5 experiments. 

on exercise t e m p e r a t u r e  responses  was s tud ied  in dogs, 
who do no t  r egu la te  t h e i r  t e m p e r a t u r e  b y  sweat ing.  

Material and methods. Six, male,  mongre l  dogs (11.6 to 
27.2 kg) m a i n t a i n e d  on  a s t a n d a r d  d ie t  were used. 24 h 
before  each  e x p e r i m e n t  t h e y  were dep r ived  of food, b u t  

. h a d  free access to  water .  I n  all e x p e r i m e n t s  t he  dogs 
pe r fo rmed  1 h of s t a n d a r d  t r e a d m i l l  exercise (1.2 m/see ;  
12 ~ slope). The i r  Tre was m e a s u r e d  w i t h  a t h e r m i s t o r  
(Electronic)  inse r t ed  13 cm. There  were 5 d i f fe ren t  experi-  
m e n t s  pe r fo rmed  on each  dog:  a) h y p e r t o n i c :  c o n t i n u o u s  
i.v. in fus ion  of NaC1 so lu t ions  (6.7% to  10.0%, and  110 
to 134 ml  a t  a m e a n  r a t e  of 3.6 m l / m i n  (range 2.6 to  4.1) 
was  g iven  for t he  f i rs t  20 ra in  of exercise a n d  1.1 m l / m i n  
(range 0.7 to  1.3) for t he  f ina l  40 m i n ;  t he  r a t e  was  pro-  
po r t i ona l  to  t he  size of t he  e s t i m a t e d  ex t race l lu la r  f luid 
vo lume  des igned to raise  p l a s m a  osmola l i ty  to  a b o u t  320 
and  330 mOsm/1;  b) i so tonic :  0.9% NaC1 was infused 
d u r i n g  t he  r u n  a t  t he  same r a t e  as in  (a) ; c) p r e h y p e r t o n i c  : 
t he  same  osmot ic  load as in (a) was infused d u r i n g  30-min 
s t a r t i n g  1 h before exercise;  d) con t ro l :  1 h of exercise 
w i t h  no in fus ion ;  and  e) c i t r a t e :  3.8 % sod ium c i t r a t e  was 
in jec ted  i.v. a t  a dose of 1.8 m l / k g  i m m e d i a t e l y  before  
exercise. 

The  infus ions  were g iven  w i t h  a U n i p a n  (Model 304) 
pe r i s t a l t i c  p u m p .  P l a s m a  osmola l i ty  (Fiske Osmomete r ) ,  
p l a s m a  p ro t e ins  (Biure t  me thod) ,  p l a s m a  sod ium (Zeiss 
f l ame pho tome te r ) ,  and  m i c r o - h e m a t o c r i t  ( U n i p a n  Model  
316) were m e a s u r e d  on  the  0, 5, 15, 25, 40 a n d  60 ra in  
venous  blood samples .  The  resu l t s  were ana lyzed  b y  t he  
t - tes t  for pa i red  d a t a  w i t h  t he  level  of s igni f icance  ( P  < 
0.05). 

Results and discussion. A t  t he  end  of one h r  of exercise, 
t he  h ighes t  m e a n  Tre was a t t a i n e d  fol lowing p r e h y p e r -  
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