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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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tonic infusion, the  nex t  h ighest  was hyper tonic ,  then  
citrate,  as compared  to the  isotonic and control  T~e 
(Figure 1). The ztT~ in the  prehyper ton ic  and c i t ra te  
exper iments  were lower t h a n  in hyper ton ic  because their  
0-min values were e levated 0.2 to 0.3~ Tile prehyper-  
tonic T~e was higher  (P  <_ 0.05) t han  isotonic and control  
Tre. Mean Tre increases dur ing exercise were higher  (P  _< 
0.05) in the  prehyper ton ic  exper iment  compared  wi th  
those in the  control  exper iment  be tween  12 and 40 min  
dur ing the  run, bu t  not  thereaf te r  due to the  increasing 
var iance  between dogs. 

In  the  hyper ton ic  and c i t ra te  exper iments  Tre increases 
dur ing exercise were dis t inct ly  higher  t han  those in the  
control  and isotonic exper iments  in 4 out  of 6 dogs, 
however,  the  mean  differences were no t  s ta t is t ical ly  
significant.  

The p lasma prote in  concent ra t ions  and hematocr i t  
(Hct) ref lect  the  changes in p lasma vo lume  (PV) : wi th  a 
cons tant  red-cell  volume,  a one-uni t  change in H c t  is 
equ iva len t  to app rox ima te ly  a 4% change in PV% Pre- 
hyper ton ic  H c t  was low (P <_ 0.05) due to the  prior  
infusion and indicated an expanded  PV tha t  decreased as 
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Fig. 2. Average (2~ S.E.) values for hematocrit  and plasma sodium, 
osnlolality and total proteins a ~rest (0-rain) and during 60 rain of 
exercise for the 5 experiments. 

the  exercise progressed. Hyper ton ic  H c t  at  0-min was at  
the  normal  level and dropped wi th  infusion during exer- 
cise to the  prehyper ton ic  level ;  this  also indicated an 
increase in PV. The c i t ra te  and isotonic H c t  were essen- 
t i a l ly  cons tant  during exercise, while the  control  H c t  
rose s l ight ly (Figure 2). At  0-min the  prehyper tonic  pro- 
te in  concent ra t ion  was depressed (P  ~< 0.05) bu t  was not  
different  f rom those found in the  o ther  four condit ions at  
25 min  (Figure 2). Hyper ton ic  proteins  were s ignif icant ly  
lower than  those in the  o ther  4 exper iments  at  25 rain. 
There was no signif icant  difference in proteins  among the  
5 groups be tween  40 and 60 rain. In  agreement  wi th  the  
H c t  data,  these results indicate  t h a t  following prehyper-  
tonic  infusion, p lasma vo lume was e levated ini t ia l ly  and 
declined progressively dur ing exercise, while wi th  hyper-  
tonic  infusion PV increased dur ing the  first  25 min  of 
exercise and then  began to  decrease dur ing the  last  35 
min  when the  ra te  of infusion was reduced, I t  appears  
t ha t  Tre was not  inf luenced by these var ia t ions  in PV 
(Figure 1). 

Dur ing exercise, p lasma Na  concent ra t ions  (Figure 2) 
followed the  changes in p lasma osmolal i ty  in all 5 
experiments .  The higher  Tre in the  prehyper ton ic  and 
hyper tonic  exper iments  were associated wi th  higher  
p lasma Na  and osmolal i ty.  Since a cons tant  exercise load 
results in a cons tan t  hea t  p roduc t ion  for each animal,  the  
proposed explana t ion  is t h a t  the  ion-osmols act  to v a r y  
hea t  dissipation.  Tha t  is, the  higher  the  p lasma osmotic 
concentrat ion,  or cellular dehydra t ion ,  the  greater  the  
inhibi t ion of hea t  dissipation, and the  higher  the  core 
tempera ture .  I t  remains  to be de te rmined  if hyperosmola-  
l i ty  inhibi ts  per ipheral  blood flow, the  pant ing  response, 
or both.  I t  is clear t ha t  the  abi l i ty  to ~weat is not  a 
necessary component  of the  ion-osmotic  mechanism.  

In  the  c i t ra te  exper iment  Na  and osmotic  concentra-  
t ions dur ing exercise were cons tant  and at  the  same level 
as the  isotonic and control  values.  Therefore,  the  higher  
Tr~ in these exper iments  are due to factors o ther  t han  the  
Na  or osmotic concentrat ions,  perhaps to a decrease in 
the  Ca 2+ concent ra t ion  and subsequent  increase in the  Na+/  
Ca ~+ ratio.  These results  suggest an associat ion be tween 
plasma Na  + and Ca ++ wi th in  the  normal physiological 
range and the  control  of body t empera tu re  dur ing 
exercise. 

Zusammen/assung. Bei Hunden  im Tra in ing  steigt  
nach Infusion hypotonischer  Salzl6sungen die mi t t le re  
Mas tda rmtempera tu r  s tarker  an als bei nnbehande l ten  
Tieren. Gleichzeit ig wird ein s tarker  Anst ieg des Plasma- 
nutr iums und dami t  ve rbunden  eine erh6hte  Osmolalit~tt 
des Plasmas  gefunden. Wiewei t  diese beiden Fak toren  
oder einer yon ihnen fiir die Erh6hung  der Recta l -  
t empera tu r  ve ran twor t l i ch  sind, wird versucht  aufzu- 
zeigen. 
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