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Human Sex-Linked Muscular Dystrophy: Kinetics of the Isometric  Twitch  

Muscu la r  d y s t r o p h y  refers  to  a g roup  of i n h e r i t e d  de-  
g e n e r a t i v e  diseases w h i c h  invo lve  p r i m a r i l y  t h e  ske le ta l  
musc le  f ibres.  T h e  gene t ic  de fec t  w h i c h  i n i t i a t e s  t h e  
musc le  f ibre  d i so rde r  is u n k n o w n  b u t  r e sea rch  progress  
c a n  b e  a n t i c i p a t e d  s ince  t h e  m o l e c u l a r  processes  i n v o l v e d  
in  t h e  a c t i v a t i o n  a n d  c o n t r a c t i o n  of t h e  myof ib r i l s  a re  
b e i n g  u n c o v e r e d  1,~ whi le  m e t h o d s  for  t h e  d i r ec t  i nves t iga -  
t i o n  of  h u m a n  musc les  a re  s t ead i ly  i m p r o v i n g .  T h e  p r e s e n t  
r e p o r t  is conce rned  w i t h  t h e  D u c h e n n e  t y p e  of h u m a n  
m u s c u l a r  d y s t r o p h y ,  w h i c h  is t h e  c o m m o n e s t  a n d  m o s t  
severe  fo rm of t h e  disease  a n d  w h i c h  is genera l ly  i n h e r i t e d  
as  a n  X - l i n k e d  recess ive  t r a i t .  Phys io log ica l  s tud ies  of 
musc le  c o n t r a c t i o n  in s i tu  were  ca r r i ed  o u t  in  15 p a t i e n t s  
aged  5-14. Six  n o r m a l  boys  aged  9 -14  se rved  as cont ro ls ,  
bes ides  a more  ex t ens ive  series of adul t s .  S u p r a m a x i m a l  
electr ic  pulses  of 50 /~sec d u r a t i o n  a re  de l ive red  to  t h e  
u l n a r  n e r v e  a t  t h e  wris t .  T h e  b e l l y - t e n d o n  e lec t r ica l  
r esponse  a n d  t h e  i somet r i c  m y o g r a m  of t h e  a d d u c t o r  
pollicis musc le  a re  r eco rded  on  c a t h o d e - r a y  oscilloscopes,  
a long  w i t h  t h e  f i rs t  d e r i v a t i v e  of t he  m y o g r a m  s,4. T h e  
i .m. t e m p e r a t u r e  m e a s u r e d  w i t h  a t h e r m i s t o r  needle  is 
37-38°C.  F igu re  A shows t h e  m e a s u r e m e n t s  p e r f o r m e d  
on t he  en la rged  p h o t o g r a p h i c  records  of t h e  t w i t c h  (upper  
t race)  a n d  i ts  d e r i v a t i v e  (lower t race) .  T he  m e a n  force P 
is 0.415 kg in  t he  n o r m a l  boys  a n d  0.120 kg  in t he  pa t i en t s .  
Co r r e spond ing  f igures  for  t h e  m a x i m u m  t e t a n i c  force P0 
are  3.75 a n d  1.30 kg. T h e  force decreases  w i t h  t h e  progress  
of d y s t r o p h i c  i n v o l v e m e n t ,  as  e v a l u a t e d  b y  e l ec t romyo-  
g r aph i c  ana lys i s  of t h e  v o l u n t a r y  m o t o r  u n i t  p o t e n t i a l s  
in  t h e  s a m e  musc le  ~. 

R e p e t i t i v e  s t i m u l a t i o n  of t h e  m o t o r  n e r v e  a t  2/see for  
2 or  3 r a in  el ici ts  a cha r ac t e r i s t i c  s h o r t e n i n g  of t h e  t w i t c h  
t ime -cou r se  in  n o r m a l  musc le  (Figure)  4,s,L Thi s  p h e n o m e -  
n o n  is also p r e s e n t  a n d  indeed  p r o m i n e n t  in  t he  dys -  
t r o p h i c  muscles .  I n  o u r  s t u d y  of t w i t c h  k ine t ics  we t h e r e -  
fore c o m p a r e  t h e  f ea tu re s  of t h e  1st a n d  t h e  200 th  
t w i t c h e s  be long ing  to  a n  u n i n t e r r u p t e d  series a t  2/sec. 
T h e  s i m u l t a n e o u s l y  r eco rded  e lect r ica l  r esponse  of t h e  
musc le  discloses on ly  s l ight  changes  of d u r a t i o n  a n d  
a m p l i t u d e  of i t s  second p h a s e  p r o b a b l y  r e l a t ed  to  a s l ight  
increase  in c o n d u c t i o n  ve loc i ty  of t h e  musc le  spike  3. 
T h e r e  is no  ev idence  of v a r i a t i o n  in n e u r o - m u s c u l a r  ex-  
c i t a t i on  d u r i n g  t h e  2/see series a n d  t he  p r o m i n e n t  changes  
of t h e  t w i t c h  are  o b v i o u s l y  r e l a t ed  to  con t r ac t i l e  p ro-  
cesses. I n  n o r m a l  boys,  as in  a d u l t s  ~, t h e  t w i t c h  p r e s e n t s  
a cons ide rab le  s t a i rcase  p o t e n t i a t i o n  d u r i n g  t h e  series a n d  
t h e  200 th  t w i t c h  h a s  a l a rger  force P a n d  r a t e  of t e n s i o n  
d e v e l o p m e n t  R (Figure  t3, C). I n  t h e  d y s t r o p h i c  b o y s  t h e  
p o t e n t i a t i o n  of t w i t c h  force a n d  r a t e  is e i t h e r  r e d u c e d  or  
ab sen t ,  d e p e n d i n g  on  t h e  s eve r i t y  of d y s t r o p h i c  invo lve -  
m e n t  of t h e  muscle ,  a l t h o u g h  t h e  cha r ac t e r i s t i c  s h o r t e n i n g  
of r e l a x a t i o n  t i m e  st i l l  occurs  (F igure  D, E).  

T h e  m e a n  c o n t r a c t i o n  t i m e  CT of t h e  f i r s t  t w i t c h  
e l ic i ted in  t h e  r e s t ed  musc le  is 76 msec  in  n o r m a l s  a n d  
85 msec  in  p a t i e n t s ,  a b a r e l y  s ign i f i can t  d i f ference.  F o r  
t h e  200 th  t w i t c h e s  in  t h e  2-]sec series, t h e  m e a n  CT a re  
69 a n d  73 msec  r e spec t i ve l y  (Table) .  T h e  i somet r i c  CT is 
r e l a t ed  t o  t h e  speed  of a c t i v a t i o n  of t he  m y o f i l a m e n t s  
w h i c h  in t u r n  d e p e n d s  on  t he  in t r in s i c  a c t i v i t y  of m y o s i n  
A T P a s e  s, p r o v i d e d  t h e  a m o u n t  of Ca~+ re leased  f rom t h e  
sa rcop la smic  r e t i c u l u m  in to  t h e  m y o p l a s m  is a d e q u a t e  g. 
The  f ind ing  of n o r m a l  CT in d y s t r o p h i c  musc le  t h u s  
al lows us to  p r e d i c t  n o r m a l  a c t i v i t y  for  t h e  myos in  
A T P a s e  of t he  st i l l  exc i t ab le  musc le  f i b r e s %  T h e  m e a n  
r e l a x a t i o n  t i m e  T1/2R (see F igu re  A) for  t h e  f i r s t  t w i t c h  
is 61 msec  in t h e  n o r m a l  boys  a n d  75 msec in t h e  pa t i en t s .  
Th i s  d i f ference of + 23% is s igni f icant ,  b u t  i t  is m u c h  
smal le r  t h a n  t h e  th ree fo ld  increase  r e p o r t e d  for  gas t roc-  

n e m i u s  of mice  w i t h  gene t ic  m u s c u l a r  d y s t r o p h y  n .  The  
di f ference v a n i s h e s  w h e n  t h e  200 th  tw i t ches  in  t h e  2/sec 
series a re  c o m p a r e d  in t h e  2 g roups  (Table) .  T h e  di f feren-  
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Cathode ray-oscillograms of the responses of the adductor pollicis 
muscle to a supramaximal electric pulse delivered to the ulnar nerve 
at the wrist. Intramuscular temperature 37-38 °C. {A) measurements 
performed on the isometric twitch (upper trace) and on its first 
derivative (see text). (B, C) normal boy, simultaneous record of 
belly-tendon electrical response (1), isometric twitch (2) and the 
latter's first derivative (3). (D, E) same for boy with Duchenne 
muscular dystrophy. Actual involvement of the adductor pollicis 
muscle is indicated by the reduced mean duration of motor unit 
potentials (from 9.17 to 6.4 reset) and by difficulties for voluntary 
graduation. 
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t im  record  al lows us to  e s t i m a t e  t he  m a x i m u m  ra t e  of 
r e l a x a t i o n  wh ich  we des igna t e  S. I t s  m e a n  va lue  is 
3.4 kg/sec in n o r m a l  boys  a n d  0.72 kg/sec  in t h e  pa t i en t s .  
Since S is no  d o u b t  in f luenced  b y  t he  abso lu t e  force 
deve loped  b y  t he  c o r r e s p o n d i n g  con t r ac t i on ,  we r a t h e r  
cons ider  t h e  r e l a x a t i o n  speed]kg  as g iven  b y  t h e  r a t io  S: P. 
The  m e a n  ra t ios  are 10 in  n o r m a l s  a n d  6.5 in  t h e  dys t ro -  
phies .  T h e y  b e c o m e  equa l  a t  8.4 for  t h e  200 th  t w i t c h  
(Table) .  

I n  conc lus ion  t h e  d y s t r o p h i c  d i sorder  p roduces  cha r -  
ac te r i s t i c  changes  in t h e  c a p a b i l i t y  for  t e n s i o n  deve lop-  
m e n t  a n d  for s t a i r case  p o t e n t i a t i o n  in ske le t a l  muscle .  
These  con t r ac t i l e  anoma l i e s  a p p e a r  a t  a prec l in ica l  s tage  
w h e n  t he  e lect r ica l  responses  of t h e  musc le  st i l l  a p p e a r  
n o r m a l  5. I n  t h e  p r e s e n t  p a p e r  we e m p h a s i z e  t h a t  the  
t w i t c h  k ine t ics  unde rgoes  r a t h e r  l i t t l e  changes  in h u m a n  
d y s t r o p h i c  muscle .  Our  s t u d y  refers  to  t h e  res ted  muscle  
s tud ied  in situ,  a t  37-38 °C, u n d e r  o p t i m u m  in i t ia l  t en s ion  
a n d  w i t h  s u p r a m a x i m a l  s t i m u l a t i o n  of t h e  m o t o r  nerve .  
U n d e r  these  cond i t ions  t he  t w i t c h  r e l a x a t i o n  t i m e  is 
s l igh t ly  p ro longed  ( +  23%)  a n d  t h e  r e l a x a t i o n  speed]kg  
is r educed  ( - - 3 5 % ) .  H o w e v e r  t he  2/see s t i m u l a t i o n  
e l imina te s  t he se  d i f ferences  as t h e  r e l a x a t i o n  acce le ra tes  
more  in d y s t r o p h i c  musc le  t h a n  in n o r m a l  musc le  (Table).  
These  f ind ings  for  h u m a n  musc le  are  a t  v a r i a n c e  w i t h  
t hose  r epo r t ed  for  d y s t r o p h i c  m o u s e  musc le  in  v i t r o  in  

Normalboys (6) Duchenne t-test 
dystrophy (15) 

wh ich  r e l a x a t i o n  was  3 t imes  s lower  t h a n  in con t ro l s  n .  
Our  resu l t s  sugges t  t h a t  t h e  Ca++ s e q u e s t r a t i o n  process  
g o v e r n i n g  r e l a x a t i o n  1~ in t h e  sa rcomeres  is n o t  i r r eve r s ib ly  
d a m a g e d  b y  D u c h e n n e  m u s c u l a r  d y s t r o p h y .  T h e  obse rva -  
t ions  on  c o n t r a c t i o n  t i m e s  also sugges t  t h a t  t h e  m y o s i n  
A T P a s e  h a s  n o r m a l  a c t i v i t y  in  t h e  sti l l  exc i t ab le  dys-  
t r oph i c  muscle  f ibres  x3. 

ttdsumd. Les propr i6 t6s  m 6 c a n i q u e s  du  musc le  adduc -  
t e u r  du  pouce  a t t e i n t  de d y s t r o p h i e  m u s c u l a i r e  de t y p e  
D u c h e n n e  o n t  6t6 6tudi6es in s i tu  chez  15 malades .  L a  
force p r o d u i t e  p a r  la  secousse i s o m 6 t r i q u e  e t  le t 6 t a n o s  
i somdt r ique  es t  r6du i te  d a n s  tous  les cas. Le t e m p s  de  
c o n t r a c t i o n  de la secousse i som6t r ique  e t  sort t e m p s  de  
r e l a x a t i o n  son t  16gSrement sup6r ieurs  a u x  va l eu r s  de con-  
tr61e. Ce t t e  diff6rence d i s p a r a i t  au  cours  de  la s t i m u l a t i o n  
r6p6t6e du  nef f  ~ 2/see. Ces o b s e r v a t i o n s  m o n t r e n t  que  
l ' a c t i v i t 6  A T P a s e  de la  myos iue  ( d 6 t e r m i n a n t  la v i t esse  
de c o n t r a c t i o n )  e t  le processus  de s 6 q u e s t r a t i o n  du  Ca ++ 
m y o p l a s m i q u e  d a n s  le r 6 t i cu lum sa r cop l a smique  (d6ter-  
m i n a n t  la v i t e s se  de  r e l axa t ion )  ne  s o n t  pas  al t6r6s  de 
fa~on i r revers ib le  d a n s  la d y s t r o p h i e  m u s c u l a i r e  de Du-  
chenne .  
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CT 1 (alsec) 76 -t- 4 85 4. 11 P = 0.06 
CT20 o 69 -4-5 73 4-8 P =  0.25 
T1]~R1 (msec) 61 4. 7 75 ± 9 P < 0.01 
Tl/aR200 58 -t- 11 61 4- 8 P = 0.5 
Sx:P x 10 4.1.2 6.54-1.4 P <: 0.01 
$20o: P*00 8.4 4- 2.3 8.4 4- 1.4 P = 0.9 
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T h e  Effect  of  P a r t i a l  H e p a t e c t o m y  u p o n  C i r c a d i a n  

T h e  s t i m u l a t i o n  of mi tos i s  w h i c h  occurs  in  t h e  co rnea  
of r a t s  fol lowing p a r t i a l  h e p a t e c t o m y  h a s  been  i n t ens i ve ly  
i n v e s t i g a t e d  as to  i t s  r e l a t i on  to  phys io log ica l  m e c h a n i s m s  
w h i c h  con t ro l  cell d iv i s ion  1. 

T h e  s t imul i  a re  a p p a r e n t l y  r e l a t ed  to  a d r e n a l  g l and  
f u n c t i o n  because ,  whi le  i t  is a b s e n t  in a d r e n a l e c t o m i z e d  
ra ts ,  i t  is r e s to red  in d e x a m e t h a s o n e  t r e a t e d  ad rena l ec to -  
mized  r a t s  2. W h e t h e r  t h i s  s t i m u l a t i n g  a c t i o n  resu l t s  f rom 
d i r ec t  or  i nd i r ec t  g lucos te ro id  effect  u p o n  t h e  m e t a b o l i s m  
of cornea l  ep i the l i a l  cells is n o t  k n o w n  a t  t h e  p r e s e n t  
t i m e  3. 

I n  p rev ious  work,  t he  occur rence  of cells in mi tos i s  in  
t h e  co rnea  of n o r m a l  a n d  in p a r t i a l l y  h e p a t e c t o m i z e d  
r a t s  was  d e t e r m i n e d  in on ly  2 t i m e  per iods  of t h e  d a y  
i.e. 10.00 a n d  23.00, a n d  t h u s  a f fo rded  a p a r t i a l  v iew on ly  
of t h e  d i u r n a l  d i s t r i b u t i o n  of mi to t i c  a c t i v i t y  z. Therefore ,  
a d d i t i o n a l  d a t a  were  s o u g h t  in  o rder  to  o b t a i n :  (1) a t r u l y  
c i r cad i an  d i s t r i b u t i o n  of mi tos i s :  (2) a m o r e  comple t e  
p i c t u r e  of t h e  f i rs t  24 h per iod  pos t  pa r t i a l  h e p a t e c t o m y ,  
in  which ,  acco rd ing  to  p r ev ious  da t a ,  increased  m i t o t i c  
a c t i v i t y  was  n o t  p r e s e n t  a n d  t h e  absence  of w h i c h  was 
t h o u g h t  to  be  r e l a t ed  to  e i t h e r  pos t  su rge ry  fast ,  s t ress  

D i s t r i b u t i o n  of  M i t o s i s  i n  t h e  C o r n e a  of  R a t s  

a n d / o r  d i s p l a c e m e n t  of t he  m o r n i n g  m i t o t i c  p e a k  to  some 
o t h e r  t i m e  pe r iod  of t h e  day .  T h u s  t h e  d i f f e ren t  g roups  of 
p a r t i a l l y  h e p a t e c t o m i z e d  r a t s  were  sacr i f iced a t  03.00, 
07.00, 10.00, 15.00, 19.00 a n d  23.00 of t h e  day .  T h e  con t ro l  
levels  of mi tos i s  for t h e  d i f f e ren t  pe r iods  of t h e  d a y  were  
o b t a i n e d  in 2 s e p a r a t e  e x p e r i m e n t s  ca r r i ed  o u t  w i t h  1 
m o n t h  i n t e r v a l  b e t w e e n  t h e m .  T h e  poss ib i l i ty  t h a t  signifi-  
c a n t  phys io log ica l  v a r i a t i o n s  in  t h e  levels  of mi tos i s  cou ld  
occur  f rom d a y  to  day,  in  sp i te  of t h e  a p p a r e n t  m a i n -  
t e n a n c e  of e n v i r o n m e n t a l  condi t ions ,  was  t h u s  ver i f ied.  

F e m a l e  r a t s  of t he  W i s t a r  s t ra in ,  w i t h  we igh t  r a n g i n g  
b e t w e e n  120-140 g, were  used in all  expe r imen t s .  P a r t i a l  
h e p a t e c t o m y  was  p e r f o r m e d  accord ing  to  t h e  t e c h n i q u e  
of HmGINS a n d  ANDERSON 4. The  an ima l s  were  sacr i f iced 
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