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Effect of dantrolene sodium on calcium 
movements in single muscle fibres 
DANTROLENE s o d i u m o r l - [ 5 - ( p - n i t r o p h e n y I ) f u r f u r y i i d e n e 
a m i n o ] h y d a n t o i n s o d i u m h y d r a t e ( D a N a ) is a l o n g - a c t i n g d r u g 
w i t h ske l e t a l m u s c l e r e l a x a n t p r o p e r t i e s w h i c h h a s r e c e n t l y 
s e e m e d c l in ica l ly u s e f u l in t h e t r e a t m e n t o f s o m e t y p e s o f m u s c l e 
h y p e r t o n i a ' -. D a N a d o e s n o t a f ï e c t n e u r o m u s c u l a r t r a n s 
m i s s i o n n o r t h e e l ec t r i ca l p r o p e r t i e s o f s k e l e t a l m u s c l e ^ a n d it 
a p p a r e n t l y i n v o l v e s t h e p r o c e s s e s o f e x c i t a t i o n  c o n t r a c t i o n 
c o u p l i n g ' ' ' *. T h e m o d e o f a c t i o n o f D a N a h a s n o t b e e n s t u d i e d 
b e f o r e o n s ing le m u s c l e f i b r e s a n d h e r e w e p r o v i d e d i r e c t 
é v i d e n c e t h a t D a N a i n t e r f è r e s w i t h t h e i n t r a c e l l u l a r m o v e m e n t s 
o f c a l c i u m ions . 

Rana temporaria (60 g) k e p t a t 15° C a n d f o r c e f ed t w i c e a 
w e e k w i t h 1  1 . 5 g c h o p p e d b e e f w e r e u s e d . S ing l e ske l e t a l 
m u s c l e fibres o f t h e f a s t t w i t c h t y p e w e r e i s o l a t e d by m i c r o 
d i s s e c t i o n f r o m t h e d o r s a l p a r t o f t h e s e m i t e n d i n o s u s m u s c l e . 
T h e fibres d i a m e t e r 7 0  1 5 0 n m w e r e k e p t in a s t a n d a r d p h o s 
p h a t e R i n g e r solut ion '^ a t pH 7 . 2 a n d t h e y m a i n t a i n e d t h e i r 
p h y s i o l o g i c a l p r o p e r t i e s ( i n c l u d i n g e l ec t r i ca l t h r e s h o l d ) f o r 
s eve ra l h o u r s . W h e n d i s s e c t e d , t h e m u s c l e fibre w a s t r a n s f e r r e d 
i n t o a s m a l l (1 .5 m l ) P e r s p e x c h a m b e r a n d m o u n t e d h o r i z o n t a l l y 
w i t h o n e of i t s t e n d o n s h o o k e d t o t h e a n o d e o f a R C A 5734 
m e c h a n o  e l e c t r i c a l t r a n s d u c e r t u b e . A h o m e  m a d e P e r s p e x 
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Fig. 1 Effect of D a N a on single muscle fibre, a, Superimposed 
isometric twitches elicited by supramaximal puises before and in 
présence of D a N a ; h and c, contractions elicited by a rapid 
increase in external K from 2.5 to 50 m M (see step), b. before 
and, c, in the présence o f D a N a . The vertical calibration is 
expressed in kg force output per cm^ cross sectional area of the 
muscle fibre, d, Relationship between peak contracture force 
and the increase of the external K ( log scale). O , A , 0 . 
before D a N a ; A , • , in présence o f 10 nM D a N a . Each 
différent symbol corresponds to a différent muscle fibre: O • 
diameter 86 jjM, maximum tension 3.1 kg cm" '̂̂ ; • • diameter 
74 (iM, maximum tension 3.4 kg c m ^ - ; A A diameter 98 (iM, 
maximum tension 3.7 kgcm"^; • 0 diameter 118 (iM, maximum 

tension 2,5 kg cm~^. Température of solutions 18' C. 

f o u r  w a y t a p a l i o w e d t h e t h o r o u g h r e p l a c e m e n t o f t h e c h a m b e r 
fluid w i t h i n a b o u t 1 s. A c o n t i n u o u s c i r c u l a t i o n Sys tem w i t h 
a p p r o p r i a t e b y p a s s e s m a i n t a i n e d t h e t e m p é r a t u r e o f t h e 
e x p é r i m e n t a l s o l u t i o n s a n d of t h e c h a m b e r a t 18° C . E l e c t r i c a l 
p u i s e s o f 0 . 2 m s d u r a t i o n a n d 1.2 t i m e s t h r e s h o l d w e r e d e l i v e r e d 
t h r o u g h a p a i r o f b r i g h t p l a t i n u m w i r e s fixed 1 0 m m a p a r t in t h e 
b o t t o m o f t h e c h a m b e r a t r i g h t a n g l e s t o t h e fibre. D a N a f r e s h l y 
d i s s o l v e d in p h o s p h a t e R i n g e r w a s a p p l i e d a t a c o n c e n t r a t i o n 
o f 10 ) i M . T h i s p r o d u c e d a m e a n d é p r e s s i o n o f t h e t w i t c h f o r c e 
b y 5 8 % ( e i g h t e x p e r i m e n t s ) w i t h i n 3 0 s a n d a n a d d i t i o n a l 6 % 
d e c r e a s e d u r i n g t h e n e x t 10 m i n ( F i g . la). T h e t w i t c h c o n t r a c t i o n 
t i m e a n d r e l a x a t i o n t i m e w e r e s h o r t e n e d . T h e a c t i o n o f D a N a 
w a s m u c h m o r e r a p i d f o r t h è s e s ing l e m u s c l e fibres t h a n f o r t h e 
w h o l e m u s c l e s s t u d i e d p r e v i o u s l y . M o s t o f o u r d a t a w e r e 
co l l ec t ed w i t h i n a b o u t 6 m i n o f e x p o s u r e D a N a . T h e e f f e c t o f 
t h e d r u g w a s r é v e r s i b l e o n r e t u r n t o n o r m a l R i n g e r b u t a 
c o m p l è t e r e c o v e r y of t h e t w i t c h f o r c e t o o k 3 0  6 0 m i n . 

W h e n t h e i s o m e t r i c t w i t c h f o r c e w a s m a r k e d l y r e d u c e d b y 
D a N a , t h e t e t a n u s f o r c e f o r a 1.5 s s u p r a m a x i m . a l s t i m u l a t i o n 
a t 1 0 0 ~ ' s w a s n o t s i gn i f i c an t l y r e d u c e d . T h e finding o f a l a r g e 
r é d u c t i o n o f t h e t w i t c h w i t h l i t t le , if a n y , c h a n g e in t e t a n u s 
t e n s i o n b e a r s o u t t h e e a r l i e r r e s u l t s o n w h o l e musc le^ ' ' ' a n d 
i n d i c a t e s t h a t D a N a d o e s n o t i m p a i r t h e m a x i m u m c a p a c i t y 
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Fig. 2 û - f , Effect of 35 nM D a N a in 0 Ca-1 m M ethyleneglycol-
6(i(3-aminoethyl ether) N,N'-tetraacetic acid ( E G T A ) artifîcial 
seawater on the resting glow o f an isolated barnacle muscle fibre 
injected with aequorin. The horizontal dotted line represents the 
Olevel.o, Resting g low after 3 min équilibration in 0 C a - E G T A ; 
b, decrease o f the resting light émission after 30 s in D a N a ; 
c, recovery in 0 C a - E G T A seawater. Fibre diameter 1.1 m m ; 
mean intracellular resting potential —55 mV. (/ and e. Resuit 
of applying a single electrical stimulation of 150 ms duration to 
a barnacle muscle fibre injected with aequorin, before, c/, and 
after, e, 6 min exposure to D a N a 35 nM in the external médium 
E. Trace 1, isometric tension; trace 2, calcium mediated light 
émission; trace 3, membrane response. Fibre diameter 1.8 mm. 
Mean intracellular resting potential —59 mV. Température o f 

solutions 21 C. 



of t he m u s c l e fibre t o p r o d u c e force . T h e r e c o r d e d r é d u c t i o n 
of t h e t w i t c h force by D a N a m u s t t h e r e f o r e b e r e l a t e d to a n 
i n h i b i t i o n of s o m e s t ep in the p roces s of m e c h a n i c a l a c t i v a t i o n , 
a s t h e m e m b r a n e sp ike g é n é r a t i o n is n o t i m p a i r e d ' . 

A u s e f u l w a y to a p p r o a c h th is p r o b l e m is by r e c o r d i n g s ingle 
fibre c o n t r a c t i o n s t o k n o w n increases in t he ex t e rna l p o t a s s i u m 
c o n c e n t r a t i o n whereby H o d g k i n a n d H o r o w i c z m e c h a n i c a l 
t h r e s h o l d " c a n be e s t i m a t e d . F i g u r e \b s h o w s a n e a r m a x i m u m 
c o n t r a c t i o n of a f resh musc l e fibre s u d d e n l y e x p o s e d t o 50 m M 
K . F o u r m i n a f t e r b a t h i n g the fibre in 10 ( iM D a N a ( F i g . ic) a 
s e c o n d e x p o s u r e t o 50 m M K elicited a c o n t r a c t i o n w h i c h w a s 
r e d u c e d by m o r e t h a n 5 0 % . T h e la tency of th i s c o n t r a c t i o n w a s 
inc reased a n d its r a t e of rise r educed whi le t h e s u b s é q u e n t 
s p o n t a n e o u s re laxa t ion d u r i n g the m a i n t a i n e d K e x p o s u r e w a s 
q u i c k e r t h a n in Fig. \b. T h è s e ef fects of D a N a were révers ib le . 
T h e g r a p h of Fig. 1, d s h o w s s imi la r d a t a f o r d i f f é r en t c o n c e n 
t r a t i o n s o f K in f o u r d i f fé ren t musc l e fibres. T h e p e a k fo rce of 
e a c h K c o n t r a c t i o n is expressed wi th respec t t o the m a x i m u m 
f o r c e r e c o r d e d in the s a m e fibre d u r i n g e x p o s u r e t o 117 m M K . 
T h è s e m a x i m u m c o n t r a c t i o n s were no t s igni f icant ly a f f ec t ed by 
10 ( i M D a N a in the présen t s ingle fibre e x p e r i m e n t s a n d we 
t h i n k t h e r é d u c t i o n r e p o r t e d by others^ m u s t h a v e b e e n re la ted 
t o the i r u s e of whole musc le p répa ra t ions" . T h e effect o f lower K 
c o n c e n t r a t i o n s , however , w a s m a r k e d l y r e d u c e d a n d t h e c u r v e 
w a s s h i f t e d t o the r ight by a f a c t o r of a b o u t 1.7. T h e m e a n 
t h r e s h o l d f o r K c o n t r a c t i o n s w a s a p p r o x i m a t e i y 20 m M in 
u n t r e a t e d fibres a n d 35 m M K a f t e r 1 m i n in 10 ( iM D a N a . 

T h e o b s e r v a t i o n tha t D a N a reduces b o t h s u b m a x i m a l 
p o t a s s i u m c o n t r a c t i o n s a n d twi tch fo rce w i t h o u t s ign i f ican t ly 
a f f e c t i n g t he m a x i m u m p o t a s s i u m c o n t r a c t i o n s o r t h e t e t a n u s 
f o r c e c o u l d be expla ined by a n inh ib i to ry eff'ect o n s o m e in t r a -
ce l lu la r s t e p in e x c i t a t i o n - c o n t r a c t i o n coup l ing . T o a n a l y s e th i s 
poss ib i l i ty , single m u s c l e fibres f r o m the b a r n a c l e Balanus 
nubilus' w e r e injected wi th a e q u o r i n , the c a l c i u m - s e n s i t i v e 
b i o l u m i n e s c e n t protein*". Several t h o u s a n d s of t h e jel lyfish 
Aequorea forskalea were coUected a t F r i d a y H a r b o r L a b o r a 
to r ies d u r i n g s u m m e r , 1973, a n d the e x t r a c t e d a e q u o r i n w a s 
pur i f i ed in Brussels , u s ing s t a n d a r d techniques" . E a c h b a r n a c l e 
m u s c l e fibre of 1 .0-2 .0 m m d i a m e t e r w a s c a n n u l a t e d wi th a 
Py rex t u b e o f 200 p m d i a m e t e r a n d m o u n t e d ver t ical ly in a 
l igh t - t igh t b lack Perspex c h a m b e r " . T h e c a l c i u m - m e d i a t e d l ight 
o u t p u t w a s r e c o r d e d on a T e k t r o n i x osc i l l o scope wi th a n 
F M I 9635 p h o t o m u l t i p l i e r t ube . W h e n t he in jec ted m u s c l e 
fibre w a s p laced in f r o n t of the p h o t o m u l t i p l i e r , t he r a t e of l ight 
é m i s s i o n re la ted t o the in t race l lu lar ion ised c a l c i u m ( res t ing 
g low) s h o w e d a r ap id dec rease d u r i n g t he first 30 m i n a n d then 
s t ab i l i s ed a t a r a the r s t eady level a s the [Ca]i is very l ow in t h e 
r e s t ing s t a t e and t he r a t e of c o n s u m p t i o n of t h e in jec ted 
a e q u o r i n is smail . In thèse c o n d i t i o n s , t he r e p l a c e m e n t of t h e 
n o r m a l s e a w a t e r by D a N a s e a w a t e r w a s f o l l o w e d by a d e c r e a s e 
of t h e r e s t i ng glow t o a lower level which d é p e n d s o n t h e d r u g 
c o n c e n t r a t i o n . 

T h i s r é d u c t i o n of t he in t race l lu la r C a c o n c e n t r a t i o n by D a N a 
c o u l d resui t e i ther f r o m a r educed res t ing Ca^+ inf lux , o r f r o m 
a n i nc r ea s ed res t ing C a - + elï iux o r f r o m a d i rec t a c t i o n invo lv ing 
t he in t r ace l lu la r C a s tores . T o d i s t ingu ish thèse poss ib i l i t i es , t h e 
a e q u o r i n - i n j e c t e d m u s c l e fibres were tes ted in 0 C a - 1 m M E G T A 
ar t i f ic ia l s eawa te r , a n d D a N a 35 n M still revers ib ly r e d u c e d t h e 
r e s t ing g low by a b o u t 2 0 % (Fig . la-c) which s u g g e s t s t h a t t h e 
D a N a effect is no t d é p e n d e n t o n a n y r é d u c t i o n in r e s t i n g Ca^ + 

inf lux. T h e s e c o n d a l t e rna t ive c o u l d a l s o be exc luded in o t h e r 
e x p e r i m e n t s in wh ich t he l eakage of ^^Ca in to ex te rna l s e a w a t e r 
w a s e s t i m a t e d in b a r n a c l e musc l e fibres l o a d e d by a n in t ra 
ce l lu lar in jec t ion of 0 . 1 - 0 . 2 ni " C a in Tr i s bu f fe r at pH 1.1 
(réf . 10). T h e res t ing ca l c ium etï lux w a s ac tua l ly dec reased by 
35 ( iM D a N a which implies t ha t t he r educed in t race l lu la r 
c a l c i u m c a n n o t resui t f r o m a n increased loss. 

T h e r e f o r e it w o u l d seem t h a t D a N a ac ts p r imar i ly o n the 
in t race l lu la r C a s t o r a g e s i tes t o r e d u c e t he level of f r ee s a r c o -
p l a s m i c ca lc ium. T h i s t h i rd a l t e rna t i ve is indeed s u p p o r t e d by 
s t u d i e s of the ca l c ium t r ans i en t r e c o r d e d d u r i n g single c o n t r a c 
t ions of b a r n a c l e fibres in jec ted wi th a e q u o r i n . T h e fibre w a s 
s t i m u l a t e d a t in tervais of a t least 20 s t h r o u g h a n in t race l lu la r 
si lver wire wi th a c o n s t a n t c u r r e n t pu i se of 150 m s whi le t h e 
m e m b r a n e po t en t i a l w a s r e c o r d e d w i th a n o t h e r in t race l lu la r 
p l a t i n u m é l ec t rode c o n n e c t e d t o a h igh inpu t i m p é d a n c e 
ampl i f ie r" . A l t h o u g h t he ac tua l m e m b r a n e d e p o l a r i s a t i o n s t h u s 
el ic i ted were ident ical b e f o r e a n d a f t e r D a N a ( th i rd t r ace in 
Fig . 2 i / a n d e), t h e m e c h a n i c a l fo rce (f irst t r ace ) p r o d u c e d by t he 
s t i m u l a t e d m u s c l e fibre w a s r e d u c e d by 2 0 % a f t e r D a N a 
35 | i M while t he t r ans i en t inc rease in a e q u o r i n l u m i n e s c e n c e 
( s e c o n d t race) dec reased by a b o u t 3 0 % in th i s e x a m p l e . T h è s e 
r e su l t s were r egu la r ly r e c o r d e d in t he six d i f fé ren t b a r n a c l e 
m u s c l e fibres s t u d i e d , each o n e be ing tes ted w i th v a r i o u s 
c o m b i n a t i o n s of s t i m u l u s d u r a t i o n s a n d intensi t ies . 

In c o n c l u s i o n , D a N a dep re s se s t he m e c h a n i c a l fo rce o u t p u t 
of s ingle musc l e fibres by an i n h i b i t o r y eflfect invo lv ing t he 
c a l c i u m m o v e m e n t s a t in t race l lu la r s t o r a g e s i tes , b o t h a t res t 
a n d d u r i n g e l e c t r o m e c h a n i c a l a c t i v a t i o n . 

T h i s w o r k w a s s u p p o r t e d by t he F o n d s d e la R e c h e r c h e 
Sc ien t i f ique Méd ica l e , the F o n d s N a t i o n a l d e la R e c h e r c h e 
Sc ien t i f ique a n d by t he M u s c u l a r D y s t r o p h y A s s o c i a t i o n s of 
A m e r i c a Inc . W e t h a n k P r o f e s s e r Sir A n d r e w H u x l e y f o r 
cr i t ic is ing the m a n u s c r i p t . W e t h a n k P r o f e s s o r F . H . J o h n s o n 
a n d D r . C. C. Ash ley f o r adv ice a b o u t e x t r a c t i o n a n d pur i f i ca 
t i o n t e c h n i q u e s . 
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