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phases  g des corpora  all~/ta poss6dant  des pouvoirs  
ident iques  9. 

Le plus h a u t  n iveau du r y t h m e  card iaque  des soli taires 
au s t ade  I est  v r a i sembIab lemen t  d6termin6 pa r  l 'orga-  
nisme ma te rne l  qui possbderai t  un plus hau t  n iveau  de 
r y t h m e  card iaque  au m o m e n t  de l 'ovogen~se. Ceci est  en 
accord avec les premiSres observa t ions  faites sur le r y t h m e  
card iaque  des adul tes  1. 

Summary .  E x c e p t  for a h igher  value of the  cardiac 
r h y t h m  at  the  beginning  of t he  first  s tage of Locusts 
migratoria sol i tary phase,  phase  difference of the  card iac  
r h y t h m  sets up dur ing  the  4th stage very  progress ively  

and  is d e a r l y  expressed in the  5th stage, the  sol i tar ian 
locusts showing a h igher  r h y t h m .  
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D e v e l o p m e n t a l  Chan~es  in Contract ion T i m e  and 

The deve lopmenta l  changes  in con t rac t ion  t ime  (CT) 
differ  in fas t  and  slow muscles wi th in  the  same animal  and 
in d i f ferent  species of animals  ~-5. Dif ferent ia t ion  into fas t  
and  slow muscle t ypes  in the  ra t  appears  to  be b rough t  
abou t  by  a re la t ive  shor ten ing  of CT in t he  fas t  muscle  
(extensor  d ig i to rum longus), there  being l i t t le  or no 
change  in t he  slow soleus muscle  in th is  respectS,% 
However ,  h is tochemica l  f indings in t he  soleus muscle of 
the  guinea-pig and  ca t  revealed a mixed  fibre p a t t e r n  
wi th  p redominance  of f ibres wi th  a h igh ATPase  ac t iv i ty  
(Type II) a t  bir th ,  and of f ibres w i th  a low ac t iv i ty  (Type 
I) of th is  enzyme  in muscles of adul t  animals  5. 

Cont rac t ion  speed and h is tochemica l  f ibre p a t t e r n  in 
fast  and slow muscles of d i f ferent  animals  (rat, rabbi t ,  and  
guinea-pig) was therefore  s tudied  in order  to ascer ta in  
whe the r  p ro longa t ion  of CT and  change in muscle fibre 
p a t t e r n  in slow muscles  are general  phenomena .  

Material and methods. F a s t  ex tensor  d ig i to rum longus 
(EDL) and slow soleus (SOL) muscles  of rats,  rabbi ts ,  and  
guinea-pigs per inata l ly ,  1 m o n t h  af ter  b i r t h  and of 
3-, 5-, and 12-month-old  animals  were used in our experi-  
ments .  Cont rac t ion  t ime  (t ime to peak  = CT) was 
measured  in v i t ro  a t  36 ~ wi th  the  mass ive  s t imula t ion  
me thod  7 and  recorded by  an au toma t i c  analyzer  s. The 
s t imul i  were square  pulses of 1.0 msec in dura t ion  of 
s u p r a m a x i m a l  in tens i ty .  Res t ing  tension,  tens ion  produc-  
ing max ima l  tw i t ch  tens ion  as a response  to  the  s t imula-  
t ion,  was de t e rmined  before each exper iment .  For  his to-  
chemical  analysis,  the  muscles  were removed,  quickly 
frozen in l iquid n i t rogen and  10 [xm th ick  cross-sect ions 

Contraction time (in msec) of the fast (EDL) and slow (SOL) muscles 
of the rat, rabbit and guinea-pig during development (at 36 ~ 

Animal Age (days) EDL N SOL N 

Rat 7 ~ 25.0 • 1.02 12 47.1 -k 2.14 7 
30 11.6 -t- 0.15 18 22.2 • 0.52 7 
90 12.9 i 0.39 7 35.0 A_ 1.24 6 

365 15.1 -E 0.22 8 38.6 ~ 1.07 8 

Rabbit 1 49.2 4- 1.72 5 49.5 Jz 3.01 5 
30 22.1 ~= 1.12 5 47.3 4- 5.04 5 
90 25.8 ~= 1.13 5 97.2 • 7.62 5 

365 24.3 • 0.71 13 82.7 -L 2.10 10 

Guinea-pig 1 14.9 -E 0.69 7 29.3 4- 0.66 7 
150 15.6 ~_ 0.23 6 46.1 ~- 1.46 5 

EDL, extensor digitorum longus; SOL, soleus muscle; N, number of 
measurements. ~ for data at birth see CLOSE s. 

Muscle  Fibre Pattern of Fast  and S l o w  Muscles  

were gained in a c ryos ta t  a t  a t e m p e r a t u r e  of --20 ~ and 
s ta ined for myos in  ATPase  ac t iv i ty  by  a modif ied  
m e t h o d  s, 10 at  p H  9.4. 

Results and discussion. The Table  shows CT of fas t  E D L  
and  slow SOL phasic  muscles  of the  rat,  rabbi t ,  and  
guinea-pig at,  or very  early after,  b i r th ,  1 m o n t h  af ter  
b i r th  and  in the  adul t  animal  (3, 5, and  12 m o n t h s  af ter  
bir th) .  The CT of the  fast  muscles  of the  ra t  and r abb i t  
shows a progressive pos tna t a l  shortening,  whereas  the  CT 
of E D L  muscle of the  guinea-pig remains  r a the r  cons tan t .  
The slow SOL muscle of the  r abb i t  and guinea-pig,  
however,  shows pos tna ta l ly  a cons iderably  shor te r  CT and  
pro longa t ion  of CT in the  adul t  animal.  In  the  soleus 
muscle of the  rat ,  the  pro longat ion  of CT in the  adul t  
occurs af ter  a marked  t e m p o r a r y  shor ten ing  of CT 1 m o n t h  
af ter  bir th .  Thus  the  slowing of CT in the  slow muscle is of 
general  occurrence bu t  follows a d i f ferent  t ime  course in 
the  rat ,  rabbi t ,  and guinea-pig, according to  the i r  ma tu ra -  
t ion at  b i r th .  

The Figure (a, b) shows the  muscle  fibre p a t t e r n  in the  
SOL muscle  of the  r abb i t  in 1-month-old  and  adul t  
an ima l s .  Cross-sections of the  muscles were s ta ined  for 
myos in  ATPase  act iv i ty .  In  t he  SOL of the  adul t  animal,  
only a few muscle  fibres w i th  a hig h ATPase  ac t iv i ty  
(Type II) and  mos t  muscle  f i b r e s  wi th  a low ATPase  
ac t iv i ty  (Type I) are found,  whereas  in the  i - m o n t h - o l d  
animal  b o t h  types  of muscle fibres are observed,  t he  ra t io  
being about  1 : 1. A similar  change  in muscle  fibre p a t t e r n  
was also observed in the  slow muscles of ra t s  and guinea:  
pigs. Cont ra ry  to  this,  there  is an increase of myos in  
ATPase  ac t iv i ty  in the  fast  muscles of t he  animals  s tud ied  
by  us. 

Thus,  dur ing deve lopment ,  slow muscles  show a 
pro longat ion  of CT and  a change of f ibre p a t t e r n  re la ted  
to a change  to t he  slow muscle type.  The d i f ferent  t ime  
course in p ro longa t ion  of CT and t e m p o r a r y  shor ten ing  of 
CT in the  animals  s tud ied  by  us can be expla ined  by  the  
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Cross-section through the soleus muscle of the 1-month-old (a) andadult (b) rabbit stained for myosin ATPase activity ( • 155). 

d i f fe ren t  degree or m a t u r a t i o n  of t he  m o t o r  sys t em a t  
b i r th .  The  r a t  ha s  a ve ry  i m m a t u r e  m o t o r  sys t em a t  
b i r th ,  s imi la r  to  the  r abb i t ,  whi le  t he  gu inea-p ig  has  a 
more  m a t u r e  one a t  b i r th .  The  t e m p o r a r y  shor ten ing ,  
obse rved  p o s t n a t a l l y  in  t he  ra t ,  m a y  therefore  occur  
p r e n a t a l l y  in the  guinea-pig.  I t  has  been  sugges ted  t h a t  
t h e  p o s t n a t a l  m a t u r a t i o n  process  in muscle  f ibre  p a t t e r n  
is of neurogen ic  origin 5,11. The  p o s t n a t a l  p ro longa t ion  of 
CT and  t he  change  to  a muscle  of p r e d o m i n a n t l y  low 
myos in  A T P a s e  a c t i v i t y  appea r s  to  be a d e v e l o p m e n t a l  
a d a p t a t i o n  of t he  slow muscle  to  i ts  a n t i g r a v i t y  funct ion ,  
t he  t ime  course of th i s  change  be ing  modi f ied  b y  d i f fe ren t  
r a t e  of g rowth  of muscle,  body  size, and  of m a t u r a t i o n  of  
t h e  n e u r o m u s c u l a r  sys tem.  

Zusammen/assung. P o s t n a t a l e  Ver I~nge rung  n a c h  t em-  
por/ i rer  Verk i i r zung  der  }~on t rak t ionsze i t  u n d  Z u n a h m e  
yon  Muskel fasern  m i t  n iedr iger  A T P a s e - A k t i v i t ~ t  im  
l a n g s a m e n  Soleus-Muskel  wurde  bei  ve r sch iedenen  S/iuge- 
t i e ren  gefunden.  Der  schnel le  ex tensor  d i g i t o r u m  longus  
zeigt  dagegen  durchwegs  p o s t n a t a l e  Verkf i rzung  de r  
K o n t r a k t i o n s z e i t .  
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MAGNUS t d e m o n s t r a t e d  t h a t  t h e  pos i t ion  of t he  head  
modif ies  t h e  t o n u s  of t h e  l imb  m u s c u l a t u r e  of the  decere- 
b r a t e  an imal .  The  same p h e n o m e n o n  was obse rved  in m a n  
also, in  assoc ia t ion  w i t h  a v a r i e t y  of pa tho log ica l  s t a t e s  
a f fec t ing  t he  cen t r a l  ne rvous  sys tem.  Since t he  ton ic  neck  
reflexes were no t  a p p a r e n t  in t he  n o r m a l  h u m a n  subjec t ,  
t he i r  presence  was t h o u g h t  to  be p a t h o g n o m i c  of cen t r a l  
ne rvous  sys tem.  

B u t  in 1944 WELLS 2 d e m o n s t r a t e d  t h a t  all  of the  ton ic  
neck  and  l ab i r i n t i ne  reflexes could be  elici ted in n o r m a l  
adu l t s  if e x t e n s o r  muscles  were f i rs t  hyper ton ic .  Th i s  
obse rva t i on  was conf i rmed  b y  IKAI 3, TOKIZANE et  al. 4. 

MASSlON et  al.5 d e m o n s t r a t e d  t h a t  t he  pos i t ion  of t h e  
head  modif ies  no t  on ly  t he  l i m b  m u s c u l a t u r e  of t h e  
dece reb ra t ed  a n i m a l  b u t  t he  ches t  r e sp i r a to ry  muscles  
too. Therefore  i t  is of in t e res t  to  i nves t iga t e  w h e t h e r  t h e  
neck  reflexes could modi fy  t he  r e sp i r a to ry  muscles  (as 
well  as in  t he  ex t enso r  l imb  muscle) in  n o r m a l  h u m a n s  too. 

The  sub jec t s  of t he  i nves t iga t ion  were 7 adu l t s  - 3 male  
and  4 female.  The  inves t iga t ion  was m a d e  w i t h  electro-  
m y o g r a p h  D t S A .  The  skin  over  t he  muscles  to  be  s tud ied  
was t h o r o u g h l y  c leansed  w i t h  acetone.  Cup-shaped  si lver  
e lectrodes  a p p r o x i m a t e l y  1 cm in d i a m e t e r  were filled 
w i th  e lect rode je l ly  and  p laced  on  the  skin  a b o u t  an  inch  
apa r t .  A smal l  piece of elast ic ized adhes ive  t ape  held  t h e  
u n i t  in place. E lec t rode  pa i rs  were p laced  over  t he  in- 

t e rcos ta l  spaces  as follows: p a r a s t e r n a l l y  in  t h e  2nd a n d  
mi d ax i l l a ry  in t h e  10th. 

There  is usua l ly  no recordab le  e lectr ical  a c t i v i t y  f rom 
the  in te rcos ta l s  du r ing  eupnea  (normal  b rea th ing )  in  adu l t  
subjects .  I n  some sub jec t s  a weak  i n s p i r a t o ry  a c t i v i t y  
was recorded.  The  pos i t ion  of the  head  does no t  modi fy  t h e  
phas ic  i n s p i r a t o r y  ac t iv i ty .  W h e n  t h e  sub jec t  l eaned  
fo rward  f rom t h e  s t a n d i n g  pos i t ion  a n d  p u t  his  h a n d s  on 
the  floor, a ton ic  ac t i v i t y  was recorded  in t h e  r e sp i r a to ry  
muscles.  I n  th i s  case t h e  pos i t ion  of t h e  h e a d  modif ies  t h e  
t o n u s  of t h e  r e s p i r a t o ry  ches t  muscles.  R o t a t i o n  of t h e  
head  to  t h e  side resul t s  in an  increase  of t h e  t o n u s  of t h e  
r e s p i r a t o ry  muscles  of t h a t  side. B a c h w a r d  t i l t i ng  of t h e  
head  increases  t h e  t o n u s  of the  r e s p i r a t o r y  muscles  in  
b o t h  - r i gh t  a n d  left  sides. F o r w a r d  t i l t i ng  of t h e  head  
produces  oppos i te  resul t s  (Figures 1 an d  2). 
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