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metr ical ly)  a re  no t  necessari ly coincident  7. Despi te  species 
differences which ob ta in  be tween  l abora to ry  rodents ,  t h e  
hours  of m a x i m M  S ~5 u p t a k e  in  t he  car t i lages  de te rmined  
in th is  s tudy  appear  to  precede  peak  mi to t i c  a c t i v i t y  
(rats) by  2-3 h e. This  suggests t h a t  car t i lage cells c anno t  
pursue  mitosis  and  mucopolysacchar ide  synthesis  con- 
current ly .  I t  is equa l ly  probable  t h a t  D N A  canno t  simul-  
t aneous ly  suppor t  its own repl ica t ion and the  p roduc t ion  
of R N A  s. Ev idence  f rom mouse studies, in which chondro-  
cytes  were  labeled wi th  t r i t i a ted  t h y m i d i n e L  suggests 
t h a t  peak  D N A  synthesis  (some t ime  be tween  02.00 and 
10.00) leads in phase bo th  peak  S 3~ up take  and mitosis.  A 
somewha t  s imilar  mu l t i pa r ame te r  d iurnal  pa t t e rn  has  
been recorded in d i f ferent  celt f ract ions f rom l iver  by  
BAR~Ur~I and his co-workers  ~°. I t  is doubt fu l  whe the r  the  
per iodic i ty  in S 35 re ten t ion  can be expla ined by  d iurnal  
va r ia t ions  in d ie ta ry  amino  acid in take ;  one migh t  expec t  
d i lu t ion of in t race l lu lar  pools of radiosulfur  when  mice  
are  mos t  ac t ive ly  feeding. Radioglyc ine  exper iments  sug- 
gest, ra ther ,  t h a t  the  diurnal  per iod in the  syn thes i s  of 
the  p ro te in  mo ie ty  of the  car t i lage ground substance  is 
ma in ta ined  even  when  animals  were s t a rved  before 
s tudy  la. 

Rdsumd. Nous avons  adminis t r6  du soufre radioact i f  
pa r  voie i.p. ~ des souris, chaque  groupe r ecevan t  l ' in jec-  
t ion ~ un m o m e n t  d i f f&ent  de  la journ6e ( intervalle  de 3 h 

entre  les inject ions  ~ 2 groupes successifs). L ' a n a l y s e  
mic rodens i tom6t r ique  d ' au to rad iograph ies  du t raceur  
dans  les car t i lages de  conjugaison (f6murs, t ibias) 24 h 
apr6s l ' in jec t ion  a d 6 m o n t r 6  que  la r6 tent ion  &af t  la plus 
grande  chez les souris qu i  ava i en t  re~u 1,injection en t re  
15 e t  18 h. 
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T h e  In i t i a t i on  of C o n t r a c t i o n  by  E x t r a c e l l u l a r  C a l c i u m  in the  S m o o t h  M u s c l e  of t h e  G u i n e a - P i g  

Taenia coli 

I t  is general ly  accepted  t h a t  the  spike he ight  is re la ted  
func t iona l ly  to t he  inf lux of t he  ca t ion  which carries in- 
ward  posi t ive  charge. Cont rac t ion  he igh t  is also re la ted  
to  t he  concen t ra t ion  of Ca++ in jec ted  in to  t h e  muscle  
f ibre  1. I n  addi t ion,  HAGIWARA e t  al. 2 repor ted  t h a t  Ca ++ 
carries t he  charge  dur ing  the  rising phase  of the  ac t ion  
poten t iM in barnac le  muscle.  The  possibi l i ty  of this  Ca 
spike has  also been  repor t ed  in the  smoo th  muscle of the  
guinea-pig Taenia coliZ, 4. The  present  exper iments  were  
per fo rmed  to inves t iga te  the  re la t ion be tween  the  Ca 
spike and the  tw i t ch  tension.  

Taeniae coli of the  guinea-pig  were  incuba ted  in mod-  
ified Krebs  solution.  E lec t r ica l  ac t iv i t ies  were observed by  
means  of sucrose-gap m e t h o d  and tensions were measured  
wi th  a mechano-e lec t ronic  t ransducer  RCA 5734. Exper i -  
men t s  were  pe r fo rmed  a t  low t e m p e r a t u r e  (18°C) to  
b lock  spontaneous  spike discharge,  for the  purpose  of 
observ ing  cont rac t ion  as a single twi tch.  Single spike and 
tw i t ch  were  evoked  b y  s u p r a m a x i m a l  ex te rna l  s t imula-  
t ion.  Te t rodo tox in  (5 × 10-~ g/ml)  was used to  suppress 
Na  spike act ivi t ies .  The  tox in  also blocked the  inh ib i to ry  
po ten t i a l  of t he  p repa ra t ion  by  ex te rna l  s t imula t ion  ~. 

F igure  1 shows t h a t  t he  ampl i tude  of bo th  act ion 
po ten t ia l  and con t rac t ion  he igh t  va r ied  wi th  Ca ++ con- 
cen t ra t ion  in the  solut ion;  the  changes in ampl i tude  were 
a lmos t  parallel.  The  min imal  concen t ra t ion  for the  genera-  
t ion of act ion po ten t i a l  and cont rac t ion  var ied  f rom 
10-6-10-5M. Dissociat ion of electr ical  and  mechanica l  
act ivi t ies  was no t  observed  in any  soIution, regardless  of 
difference in Ca++ concent ra t ion .  

As these spike he ights  were  measured  by  means  of  t h e  
sucrose-gap method ,  t h e y  represen t  t he  s u m m a t i o n  of t he  
spike po ten t ia l  of d i f ferent  muscle cells. 

The  possibi l i ty  exists t h a t  each cell genera ted  an all- 
or-none spike. However ,  judging  f rom the  dura t ion  of t he  
act ion potent ia l ,  synchroniza t ion  migh t  well  have  oc- 
curred.  Moreover ,  i t  is also known t h a t  t he  spike height ,  
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Fig. 1. The relation between spike height and twitch tension, and 
calcium concentration. Both spike heights and tensions were plotted 
against calcium concentrations as % of those observed in the solution 
containing 2 mM of calcium. Note that spike heights and contrac- 
tions were parallel to each other relating to calcium concentrations. 
Closed circle, tension; open circle, spike amplitude. 
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m e a s u r e d  w i t h  a n  i n t r ace l l u l a r  microe lec t rode ,  is de-  
creased w i t h  t h e  decrease  of ex t r ace l l u l a r  Ca++ concen-  
t r a t i o n  e 

To  d e t e r m i n e  w h e t h e r  t h e  ex t r ace l lu l a r  Ca ++ w h i c h  
diffuse i n to  t h e  s m o o t h  musc le  cell c a n  i n i t i a t e  t h e  con-  
t r ac t ion ,  t he  fol lowing e x p e r i m e n t  was  p e r f o r m e d  in  t h e  
K-depo la r i zed  p r e p a r a t i o n .  Af t e r  p r e t r e a t m e n t  of Taenia 
coli f i r s t  for  30 ra in  w i t h  a Ca++-free K-Locke ' s  so lu t ion  
c o n t a i n i n g  1 m M  of e t h y l e n e - d i a m i n e - t e t r a - a c e t a t e  
(EDTA)  a n d  t h e n  for  10 m i n  w i t h  a Ca++-free so lu t ion  
w i t h o u t  E D T A ,  d i f f e ren t  c o n c e n t r a t i o n s  of Ca ++ were  
added .  C o n t r a c t i o n s  b y  Ca ++ were  obse rved .  

F i g u r e  2 shows  t h e  r e l a t i o n  b e t w e e n  t h e  in i t i a l  speeds  
of c o n t r a c t i o n  a n d  t h e  c o n c e n t r a t i o n s  of Ca++ added .  T h e  
m i n i m a l  c o n c e n t r a t i o n  of Ca ++ r equ i r ed  to  i n i t i a t e  con-  
t r a c t i o n  v a r i e d  f rom 10 -e to  1 0 - 5 M  in t h i s  i nves t iga t ion .  
I n i t i a l  speeds  of c o n t r a c t i o n  were  l i nea r ly  p r o p o r t i o n a l  
to  a d d e d  Ca++ c o n c e n t r a t i o n s  in  t h e  r a n g e  f rom 2 × 10 -~ 
to  1 × 10-3M.  
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Fig. 2. The relation between initial speed of contraction produced by 
calcium and concentration of calcium added in the depolarized 
smooth muscle. This experiment was performed with isotonic 
measurement to observe complete relaxation of the smooth muscle. 
The complete relaxation was observed within 30 rain of treatment 
with Ca-free K-Locke's solution containing 2 mM of EDTA. After 
an additional treatment of the preparation with Ca-free K-Locke's 
solution without EDTA, different concentrations oI Ca were added. 
Initial speeds of contraction were measured and plotted against 
added Ca concentrations as % of the speed observed with 2 mM of 
Ca. Open circle, initial speeds of contraction in the presence of 1 mM 
manganese; closed circle, without manganese. 

I t  is  r e a s o n a b l e  to  a s s u m e  t h a t  i n t r a c e l l u l a r  Ca ++ in  
t he se  p r e p a r a t i o n s  were  lowered  to  a l m o s t  i den t i ca l  con-  
c e n t r a t i o n s  b y  iden t i ca l  p r e t r e a t m e n t  before  d i f f e ren t  con-  
c e n t r a t i o n s  of  Ca ++ were  a d d e d  extracel lular ly . .  I f  t h i s  as- 
s u m p t i o n  is accepted ,  F i g u r e  2 shows  t h a t  t h e  in i t i a l  speeds  
of c o n t r a c t i o n  are  l i nea r ly  p r o p o r t i o n a l  to  [Ca]o/[Ca]~ 
f rom 2 × 10 -s to  1 × 10-3M.  I n  add i t ion ,  b o t h  a m p l i t u d e  
a n d  in i t ia l  speed  of c o n t r a c t i o n s  were  s t r o n g l y  decreased  
in  t he  p resence  of 1 m M  of M n  ++, w h i c h  is t h o u g h t  to  
i n h i b i t  Ca ++ in f lux  i n to  t h e  musc le  cell ~. 

A s s u m i n g  t h a t  t h e  a c t i o n  p o t e n t i a l  of t h e  s m o o t h  
musc le  is 60 m V  a n d  t h e  specific c a p a c i t a n c e  is 10 p F J c m  i, 
Ca  i n f lux / sp ike  wou ld  be, roughly ,  m o r e  t h a n  3 × 10 -I~ 
m o l e s / c m  ~. As i t  is r e p o r t e d  t h a t  t h e  d i a m e t e r  of t h e  
s m o o t h  musc le  is a b o u t  4 t~ a n d  t h e  l e n g t h  is a b o u t  1 5 0 / ~ s  
t h e  c i r c u m f e r e n t i a l  a rea  would  be  a b o u t  1.9 X 10 -5 c m  ¢ 
a n d  t he  v o l u m e  would  be  a b o u t  1.9 × 10 .9 e m  s. F r o m  
these ,  i t  is ca l cu la t ed  t h a t  t h e  t o t a l  Ca ++ e n t e r i n g  a s ingle  
musc le  cell is a b o u t  5.7 X 10 -x~ moles / sp ike  a n d  t h i s  Ca++ 
is also ca l cu l a t ed  to  be  3 x 10 -6 as a i n t r a -ce l lu l a r  f ina l  
c o n c e n t r a t i o n  w h i c h  m a y  be  e n o u g h  to  i n i t i a t e  t h e  con-  
t r a c t i o n  of  s m o o t h  muscle .  

These  r e su l t s  a n d  ca l cu l a t i ons  s t r o n g l y  sugges t  t h a t  t h e  
Ca ++ w h i c h  e n t e r  i n t o  t h e  s m o o t h  musc le  cell d u r i n g  
t h e  sp ike  p o t e n t i a l  c a n  be  d i r ec t l y  r e l a t ed  to  t h e  con-  
t r a c t i l e  e lements .  

F u r t h e r  s tud ies  of t h e  d i s soc ia t ion  of e lec t r ica l  a n d  
m e c h a n i c a l  ac t iv i t i e s  shou ld  be  u n d e r t a k e n .  

Zusammen[assung. Die C a - W i r k u n g e n  auf  e l ek t r i sche  
u n d  m e c h a n i s c h e  Akt iv i t tk t  g l a t t e r  M e e r s c h w e i n c h e n -  
m u s k e l n  w u r d e n  u n t e r s u c h t .  Die  R e s u l t a t e  s p r e c h e n  da -  
fiir, dass  K a l z i u m i o n e n ,  die w t ih r end  d e r  D a u e r  des  
A k t i o n s p o t e n t i a l s  in  d ie  g l a t t e  Muskelzel le  e i n t r e t e n ,  a m  
k o n t r a k t i l e n  E l e m e n t a r v o r g a n g  be te i l i g t  s ind.  
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M e t a b o l i c  Ef fects  of  T h y r o x i n e  in Infant  R a t s  

I t  h a s  b e e n  e s t ab l i s hed  t h a t  t h e  t h y r o i d  h o r m o n e  
r egu la t e s  g rowth ,  d i f f e r e n t i a t i o n  a n d  o x i d a t i v e  m e t a b o -  
l i sm in  va r ious  an imals .  D u r i n g  t h e  ea r ly  p o s t n a t a l  
per iod,  t h y r o x i n e  def ic iency h a s  i m p a i r i n g  effects  on  t h e  
d e v e l o p m e n t  of m a n y  organs ,  especia l ly  of t h e  c e n t r a l  
n e r v o u s  sys tem,  e.g. in  m a m m a l s  ~-4, A t  a b o u t  t h e  age of 
2 weeks  t h e  t h y r o i d  g l and  becom es  i m p o r t a n t  for  t h e  
t h e r m o r e g u l a t i o n  of t h e  r a t  5. D u r i n g  t h i s  per iod,  t h e  
a c t i v a t i o n  of t h y r o i d  is p r o n o u n c e d  6,7. SHAPIRO 4 f o u n d  
t h a t  t h y r o i d e c t o m y  or  t h y r o x i n e  a d m i n i s t r a t i o n  d id  n o t  
in f luence  m e t a b o l i c  r a t e  or  b o d y  t e m p e r a t u r e  in  r a t s  
d u r i n g  t h e  f i r s t  2 weeks  of life. I t  was  o b s e r v e d  b y  
HEMON s, however ,  t h a t  t h y r o x i n e  does n o t  increase  t h e  
o x y g e n  c o n s u m p t i o n  in  r a t s  aged  10-12 days  w h e n  
m e a s u r e d  a t  a n  e x t e r n a l  t e m p e r a t u r e  of 29.5 °C, b u t  a t  
35 °C t h e  increase  was  a p p r o x i m a t e l y  25%.  

As t h e  resu l t s  of ou r  p i lo t  e x p e r i m e n t s  were in conf l ic t  
w i t h  t h e  p r ev ious  ones  c o n c e r n i n g  t h e  m e t a b o l i c  ra te ,  t h e  
effect  of t h y r o x i n e  on  t he  succinic  d e h y d r o g e n a s e  a c t i v i t y  
of l iver,  ske le ta l  musc le  a n d  b r a i n  homogena te s ,  a n d  also 
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