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The Uptake  by  Skeletal  Muscle  of Tr i t ium 
Labeled D e c a m e t h o n i u m  and 

Dimethy l tubocurar ine  t 

S t a b l e  d e p o l a r i z i n g  n e u r o m u s c u l a r  b l o c k i n g  a g e n t s ,  
l ike  c a r b a c h o l  a n d  d e c a m e t h o n i u m  (C-10), p r o d u c e  a 
characteristic d u a l  b l o c k  u p o n  i s o l a t e d  p r e p a r a t i o n s  (JEN- 
DEN, KAMIJO a n d  TAYLOR2; JENDENa).  T h e  r a p i d  in i t i a l  
b lock ,  p h a s e  I,  r e c o v e r s  s p o n t a n e o u s l y  a n d  t h e n  p a s s e s  
s l o w l y  i n t o  a s e c o n d  b l ock ,  p h a s e  I I .  P h a s e  I b l o c k  is 
c h a r a c t e r i z e d  b y  d e p o l a r i z a t i o n  (THESLEFF4), w h i l e  p h a s e  
I I  b l o c k  a p p e a r s  t o  h a v e  v e r y  s i m i l a r  p h a r m a c o l o g i c a l  
c h a r a c t e r i s t i c s  t o  D - t u b o c u r a r i n e  (cura re )  b l o c k  (J~NDEN, 
KAMIJO a n d  TAYLOR2). I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  
p r o g r e s s  of  p h a s e  I I  b l o c k  is r e l a t e d  to  t h e  s l ow  p e n e t r a -  
t i o n  of  t h e  d e p o l a r i z i n g  d r u g  i n t o  t h e  r e c e p t o r  m a s s  
(JENDEN, KAMIJO a n d  TAYLOR 2) a n d  p o s s i b l y  i n t o  t h e  
m u s c l e  f i be r  (TAYLORS; TAYLOR a n d  NEDERGAARD6). 
S u p p o r t  for  t h e  l a t t e r  w a s  o b t a i n e d  w i t h  a n  1-131 
l a b e l e d  d e p o l a r i z i n g  d r u g ,  1, lO-bis-(dimethyliodoethyl-  
a m m o n i u m ) - d e c a n e  d i c h l o r i d e  ( i o d o c h o l i n i u m )  (CREESE, 
TAYLOR a n d  TILTON 7-9 ; TAYLOR, CREESE a n d  SCHOLES lO). 
U n f o r t u n a t e l y  t h e  i o d o c h o l i n i u m  u s e d  w a s  i m p u r e ,  i t s  
s t a b i l i t y  of  s o m e  c o n c e r n  a n d  a b i p h a s i c  b l o c k  w a s  n o t  
o b s e r v e d  c o n s i s t e n t l y .  T o  o v e r c o m e  t h e s e  d i f f i cu l t i e s  we 
u s e d  t r i t i u m  l abe Ied  d e c a m e t h o n i u m  (C -10 -H  a) in  t h e  
p r e s e n t  s t u d y .  I n  c o n t r a s t  to  t h e  d e p o l a r i z i n g  n e u r o -  
m u s c u l a r  b l o c k i n g  a g e n t s ,  t h e  a n t i - d e p o l a r i z i n g  d r u g s ,  
l ike  D - t u b o c u r a r i n e  (curare ) ,  p r o d u c e  a s ing le  b l o c k  u p o n  
i s o l a t e d  p r e p a r a t i o n s  p r e s u m a b l y  b y  r e a c t i n g  w i t h  su r -  
face  r e c e p t o r s  a t  t h e  m o t o r  e n d - p l a t e  (HOLMES, JENDEN 
a n d  TAYLOR 11 ,, W A S E R  12,13; V~:ASER a n d  L/JTH114). H e n c e  
i t  is p o s s i b l e  t h a t  t h e  a n t i - d e p o l a r i z e r s  do  n o t  e n t e r  t h e  
m u s c l e  f ibe r  a n d  t h a t  t h e y  c a n  p r e v e n t  t h e  u p t a k e  of  t h e  
d e p o l a r i z i n g  a g e n t s .  I n  o r d e r  to  t e s t  t h e s e  pos s i b i l i t i e s  
we h a v e  e x a m i n e c l  t h e  s k e l e t a l  m u s c l e  u p t a k e  of C - 1 0 - H  a 
a n d  t r i t i u m  l a b e l e d  d i m e t h y l e t h e r - H  a of  D - t u b o c u r a r i n e  
( d i m e t h y l t u b o c u r a r i n e - H  a) a s  wel l  as  t h e  a b i l i t y  of  c u r a r e  
to  i n t e r f e r e  w i t h  t h e  u p t a k e  of  C - 1 0 - H  a. 

Methods. C - 1 0 - H  a d i c h l o r i d e  a n d  d i m e t h y l t u b o c u r a r i n e -  
H a d i c h l o r i d e  we re  o b t a i n e d  c o m m e r c i a l l y  15. T h e  p u r i t y  
of  t h e  d r u g s  w a s  a s s e s s e d  b y  p a p e r  c h r o m a t o g r a p h y .  
Sl ips  of  g u i n e a - p i g  d i a p h r a g m  were  p l a c e d  in a t i s s u e  b a t h  
f i l led w i t h  p h y s i o l o g i c a l  s a l t  s o l u t i o n  a t  37 ~ c o n t a i n i n g  
t h e  l a b e l e d  d r u g .  A f t e r  a p p r o p r i a t e  i n c u b a t i o n  p e r i o d s  
t h e  m u s c l e s  we re  r e m o v e d  a n d  d i g e s t e d  b y  a m o d i f i c a t i o n  
of t h e  m e t h o d  of  GJONE, VANCE a n d  TURNER x6 a n d  t h e  
r a d i o a c t i v i t y  d e t e r m i n e d  w i t h  a P a c k a r d  T r i - C a r b  l i qu id  
s c i n t i l l a t i o n  s p e c t r o m e t e r .  

Results. A s u b p a r a l y t i c  c o n c e n t r a t i o n ,  6 �9 1 0 - 6 M ,  of  
C - 1 0 - H  a was  c o n t i n u a l l y  t a k e n  u p  b y  t h e  m u s c l e  d u r i n g  
5 h as  s h o w n  in  t h e  F i g u r e .  T h e  u p t a k e  b y  r e s t i n g  m u s c l e  
a p p r o x i m a t e l y  fo l l ow ed  t h e  p r o g r e s s  of  p h a s e  I I  b lock .  
A f t e r  5 h t h e  u p t a k e  g r e a t l y  e x c e e d e d  t h a t  w h i c h  c o u l d  be  
a c c o u n t e d  for  b y  t h e  e x t r a c e l l u l a r  space ,  t h e  l a t t e r  b e i n g  
less  t h a n  0.3 m l / g  (CREESE, TAYLOR a n d  TILTONT). I n  
c o n t r a s t  v e r y  l i t t l e  d i m e t h y l t u b o c u r a r i n e - H  3 in  a s u b -  
p a r a l y t i c  c o n c e n t r a t i o n  w a s  t a k e n  u p  d u r i n g  a n  i n c u b a -  
t i o n  p e r i o d  of  t h e  s a m e  d u r a t i o n  (F igure ) .  

C u r a r e  m a r k e d l y  d e c r e a s e d  t h e  u p t a k e  of  C - 1 0 - H  3, as  
s h o w n  in  t h e  T a b l e .  W h e n  s u p r a p a r a l y t i c  c o n c e n t r a t i o n s ,  
5 - 10 6 M  to  10 6M,  of  c u r a r e  we re  u s e d ,  t h e  d e p r e s s i o n  
of  C - 1 0 - H  3 u p t a k e  r e a c h e d  a s y m p t o t i c  v a l u e s .  T h e  F i g u r e  
a lso  s h o w s  t h e  a b i l i t y  of  a j u s t  s u b p a r a l y t i c  c o n c e n t r a t i o n  
of  c u r a r e  to  d e c r e a s e  t h e  u p t a k e  of  C - 1 0 - H  3. 

Discussion. T h e  r e s u l t s  o b t a i n e d  a re  c o n s i s t e n t  w i t h  
t h e  h y p o t h e s i s  t h a t  d e p o l a r i z i n g  n e u r o m u s c u l a r  b l o c k i n g  
a g e n t s ,  l ike C-10,  a re  t a k e n  u p  b y  t h e  m u s c l e  f ibe r  w h e r e a s  
t h e  a n t i d e p o l a r i z i n g  a g e n t s ,  l ike  d i m e t h y l t u b o c u r a r i n e ,  

a r e  no t .  T h e  u p t a k e  of  C - 1 0 - H  a p r e s u m a b l y  r e p r e s e n t s  
p e n e t r a t i o n  of  t h e  d r u g  i n t o  t h e  i n t r a c e l l u l a r  c o m p a r t -  
m e n t .  T h e  u p t a k e  of  d i m e t h y l t u b o c u r a r i n e - H  a c a n  be  
a c c o u n t e d  for  b y  t h e  e x t r a c e l l u l a r  s p a c e  a n d  f u r t h e r  con- 

C-10-H s uptake and curare concentration 

Curare Mean Range No. of 
concentra- ml/g experi. 
tion - 10 -6 M ments  

0 2.98 2.21-3.57 6 
1 2.14 1.91-2.55 3 
2 1.76 1.56-2.13 7 
5 1.06 1.05-1.07 3 
8 1.03 0.92-1.14 3 

10 1.18 1.02 1.38 3 

The tabulated values represent ::11 of physmlogical salt solution which 
have been cleared of 6 �9 10 -6 M C-10-HS/g resting diaphragm after 5 h. 
The muscles were pretreated with curare for 30-45 rain. 
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The uptake of 6 " 10 6M C-10-H a (open circles) and of 2 �9 10 61~/ 
dimethyltubocurarine-H a (open triangles). The uptake of 6 .  1 0 ~ M  
C-10-H a (closed circles) in the presence of 2 �9 10 6 M curare is also 
shown. Curare was added 30-45 rain before C-10-H a. The uptake is 
expressed in ml of bath fhlid cleared per g tissue. Each point is the 
average of 3 single deteriniuations. The bars represent the ranges. 
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f i rms t h a t  i t  ac ts  ex t race l lu la r ly .  The  p r e d o m i n a n t  s i te  
of u p t a k e  of C-10 a n d  b i n d i n g  of curare  is m o s t  l ikely 
t he  m o t o r  end-p la te ,  as s h o w n  b y  a n t o r a d i o g r a p h y  
(WAsER12,13; WASER a n d  Li3TI-I114). S tudies  on t he  dis t r i -  
b u t i o n  of C-10-H~ in sec t ions  of d i a p h r a g m  muscle  
(TAYLOR, CREESE, NEDERGAARD a n d  CASE ~7) also sug- 
gest  t h a t  C-10-H a is t a k e n  up  t h r o u g h  the  m o t o r  end-  
pla tes .  

The  u p t a k e  and  phase  I I  b lock  of C-10 appea r s  to  be  
r e l a t ed  since t he i r  t ime  course is a p p r o x i m a t e l y  the  same.  
Th i s  is s u p p o r t e d  also b y  t h e  f ind ing  t h a t  cura re  c an  
p r e v e n t  t he  onse t  of phase  I I  b lock  of depolar izers  
(NEDERGAARD and  TAYLOR ls) a n d  decrease  t he  u p t a k e  
of C-10-H 3 19 

Rdsumd. Le d~cam6thon ium,  une  s u b s t a n c e  d~polari-  
sante ,  es t  absorb6  p a r  le muscle  sque le t t a l  t a n d i s  que  la 
s u b s t a n c e  non-d6po la r i san te ,  le d i m 6 t h y l t u b o c u r a r i n e ,  ne  

l ' e s t  pas .  L ' a b s o r p t i o n  du  d g c a m 6 t h o n i u m  se r a p p o r t e  
peu t -6 t r e  ~ ce b loque  de deuxi~me phase  qui  se fa i t  vo i r  
avec  les s u b s t a n c e s  d6polar i santes .  
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Stability of the Colloidal Chromic Radiophos- 
phate (~2p) to the Isotopic Exchange 

The  re l a t ive ly  h igh  pe rcen t age  of 32p a c c u m u l a t i o n  ob-  
se rved  in  bone  (especial ly bone  mar row)  a f t e r  t he  injec-  
t ion  of colloidal  so lu t ions  of c h r o m i u m  p h o s p h a t e ,  has  
been  exp la ined  b y  severa l  au thors1 ,  2 as be ing  due  to t he  
l ibe ra t ion  of p h o s p h a t e  ions in  the  o rgan i sm m a i n l y  be-  
cause  of t he  i n s t ab i l i t y  of t he  chemica l  b o n d  in the  chro-  
mic  p h o s p h a t e  molecule,  

This  work  has  been  done  to  t e s t  t he  c h r o m i u m  phos-  
p h a t e  s t a b i l i t y  to  t h e  isotopic  exchange  w i t h  the  ionic 
p h o s p h a t e ,  n o r m a l l y  p r e s en t  in  the  organic  fluids. 

Two d i f fe ren t  types  of col loidal  ch romic  p h o s p h a t e  
(s~p) h a v e  been  assayed  : a t r ue  colloidal so lu t ion  ( type B) 
a n d  one w i t h  a l a rger  par t ic le  suspens ion  ( type  F). The  
l a t t e r  is c u r r e n t l y  used as a t h e r a p e u t i c  agent .  

Type  B 3 was p r e p a r e d  b y  h e a t i n g  a t  70-80 ~ a m i x t u r e  
of 1.5 ml  of H3PO 4 so lu t ion  (10 mg/ml) ,  1.8 ml  of CrO 3 
so lu t ion  (10 mg/ml)  a nd  t he  3~p a c t i v i t y  (1 mc  of carr ier-  
free 32p) in  2 ml  of dis t i l led water .  Then ,  s t i r r ing  con-  
t i nuons ly ,  100 m g  of N a , S O  3 dissolved in 3 ml  of 2 %  
ge la t in  so lu t ion  were added.  Af te r  be ing  boi led for a few 
m i n u t e s  a n d  t h e n  cooled to  room t e m p e r a t u r e ,  t he  a l m o s t  
clear  b lue-green  so lu t ion  was d ia lysed  aga i n s t  dis t i l led 
w a t e r  u n t i l  no a c t i v i t y  was de t ec t ed  in the  water ,  The  
r ad ioac t ive  yield was 4 0 - 5 0 % .  

Type  F 3 was p r epa red  b y  mix ing  4 ml  of H3PO 4 solu- 
t i on  (10 mg/ml)  w i th  5 ml  of CrO 3 so lu t ion  (10 mg/ml)  a n d  

the  32p a c t i v i t y  incorpora ted .  Af te r  h e a t i n g  for 15 m i n  
in a boi l ing  w a t e r  ba th ,  2 ml  of Na~SOa solu t ion  (200 
mg/ml)  and,  immed ia t e ly ,  2 m l  of 6 %  ge la t in  so lu t ion  
were added.  The  h e a t i n g  was c o n t i n u e d  a n o t h e r  10 ra in  
and  t h e n  t he  excess of ionic p h o s p h a t e  was e l imina ted  b y  
dia lysis  as descr ibed  before. The  r ad ioac t ive  yield was 
75%. 

I n  b o t h  p repa ra t ions ,  t he  f inal  concen t r a t i ons  were 
chromic  p h o s p h a t e  3 m g / m l  and  ge la t in  6 mg/ml .  

The  isotopic exchange  was s tud ied  b y  incuba t ion ,  
a t  37~ of 10 #C of colloid ( tes ted p h o s p h a t e  ion- 
free b y  e lectrophoresis)  w i th  a n  isotonic  p h o s p h a t e  solu- 
t ion  a t  p H  7.2 (1 vol  2 .1% K H ~ P O  4 + 3 vol  2.2% 
Na2HPO 4 �9 2 H 2 0  ). The  i n c u b a t i o n  was car r ied  ou t  u n d e r  
steri le cond i t ions  a n d  samples  were t a k e n  a t  d i f ferent  
i n t e rva l s :  I, 2 a n d  6 h ;  I day ,  2, 5, 7, 9 and  t 2  days. The  
a c t i v i t y  as ionic p h o s p h a t e  was d e t e r m i n e d  b y  electro-  
phores is  us ing  buf fe r  ve rona l - sod ium ve rona l  p H  8.6 for 
1 h a t  a vo l tage  g r a d i e n t  of 15-20 V/cm.  

The  d i s t ance  of m i g r a t i o n  of b o t h  ionic p h o s p h a t e  a n d  
colloidal  ch romic  r a d i o p h o s p h a t e  was d e t e r m i n e d  b y  
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Percentage of ~P  as chromic phosphate after incubation 

Time 1 h 2 h 6 h 24 h 2 days 5 days 7 days 9 days 12 days 

Type B 98.3 4. 0.5 a 98.3 ~ 0.5 98.3 i 0.5 97.6 4. 0.4 97.9 i 0.1 97.0 • 0.2 96.7 4. 0.0 96.6 4. 0.4 96.6 ! 0.4 

Type F 95.8 4- 0.2 95.8 4- 0.2 95.8 • 0.4 94.2 4. 1.4 94.6 4. 1.4 93.5 4- 0.3 93.7 i 0.7 93.4 4. 0.1 93.4 4. 0.2 

a Standard deviation. 


