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in a p rev ious  paper ,  p r e l i m i n a r y  inves t iga t ions  on  t h e  
compos i t i on  of t h e  I C I B s  showed t h a t  no t  on ly  to  t he  
m a t r i x  c rys ta l s  a n d  t he  in t r ac r i s t a l  c rys ta l s  differ  in t h e i r  
composi t ion ,  b u t  h a v e  a p p a r e n t l y  a compos i t i on  d i f fe ren t  
f rom t h a t  of t he  c rys ta l s  of t h e  yo lk  p la te le t s  7. For  t h i s  
reason  we h a v e  h i t h e r t o  avo ided  app ly ing  t he  t e r m  yolk  to  
t he  i n t r a m i t o c h o n d r i a l  c rys ta l l ine  bodies.  W e  soon hope  
to be  able  to  e luc ida te  t he i r  composi t ion ,  since our  p r e sen t  
a t t e m p t s  to  isolate  t h e  I C I B s  are qu i te  p romis ing .  U n t i l  
i t  has  been  c lear ly  e s t ab l i shed  t h a t  t h e i r  compos i t i on  
cor responds  w i th  t he  a m p h i b i a n  yo lk  cha rac t e r i zed  b y  
WALLACE s, wh ich  a t  t he  t i m e  be ing  appea r s  no t  v e r y  
probable ,  we sugges t  t he  t e r m s  m i t o c h o n d r i a l  yo lk  and  
yo lk  inc lus ions  be  d ropped .  Because  of t he  a p p a r e n t l y  
l imi ted  coding  capac i t y  of t he  m i t o c h o n d r i a l  DNA,  an  
i n t r a m i t o c h o n d r i a l  syn thes i s  of I C I B  p ro t e ins  is no t  v e r y  
likely,  especial ly  no t  if t he i r  molecu la r  we igh t  were of t he  
same order  as t h a t  of t he  yo lk  p ro t e in s  l ipov i te l l in  a n d  
phosv i t i n .  I t  the re fore  appea r s  v e r y  p r o b a b l e  t h a t  t he  
ICIBs  are composed  of e x t r a m i t o c h o n d r i a l  m a t e r i a l  wh ich  
has  been  i nco rpo ra t ed  in to  t he  mi tochondr i a .  I n  t he  l igh t  
of t h i s  cons idera t ion ,  t he  fac t  t h a t  we were n e v e r  able  to  
observe  a n y  m e m b r a n e  d i scon t inu i t i e s  or i n v a g i n a t i o n s  of 
t he  m i t o c h o n d r i a l  m e m b r a n e s  w i t h  s u b s e q u e n t  u p t a k e  of 
t h e  fo rmed  vesicles, seems to be  of g rea t  in te res t ,  especial ly  
w i t h  respec t  to  t he  t r a n s p o r t  ac t iv i t i e s  of t h e  m i t o c h o n -  
dr ia l  m e m b r a n e s .  Occas ional ly  we were able  to  observe  
evag ina t i ons  of t he  ou te r  m i t o c h o n d r i a l  m e m b r a n e s  
wh ich  b y  some au tho r s  0 are i n t e r p r e t e d  as con t ac t s  of the  
ou te r  m i t o c h o n d r i a l  m e m b r a n e  w i t h  t he  endop lasmic  
re t i cu lum.  These  evag i na t i ons  were, however ,  seen so 
v e r y  ra re ly  t h a t  i t  seems un l ike ly  t h a t  t h e y  could accoun t  
for t h e  t r a n s p o r t  of ma te r i a l  in to  c rys t a l - fo rming  mi to-  
chondr ia .  W i t h  t he  single excep t ion  of Rana graeca, mito-  
c h o n d r i a  c o n t a i n i n g  c rys ta l l ine  inc lus ions  are a lmos t  
exclus ive ly  loca ted  in  t he  pe r iphe ra l  region o5 t he  oocytes  : 
in  t he  same region wh ich  n a t u r a l l y  ha s  t he  h ighes t  con- 
c e n t r a t i o n  of ex t r aoocy t i c  mate r ia l .  W h e r e  t he re  is a 
s imi la r  compos i t i on  of t he  m i t o c h o n d r i a l  inc lus ions  to  t h a t  
of t he  yo lk  prote ins ,  t he i r  p re fe ren t i a l  loca l iza t ion  in t he  
cor tex  of t h e  oocytes  m i g h t  be exp la ined  b y  t h e  fac t  t h a t  
yo lk  p ro t e in s  in a m p h i b i a n s  are m o s t l y  of a n  ex t r aoocy t i c  
origin.  The  m o s t  i m p o r t a n t  resu l t  of our  i nves t i ga t i on  is, 
however ,  t he  fac t  t h a t  t he  6 species w h i c h  form in t ra -  
m i t o c h o n d r i a l  pa rac rys t a l l i ne  bodies  all be long  to  t he  
same subo rde r  of Displasiocoela.  In  a n u m b e r  of o the r  
a n u r a n  or u r o d e l a n  species t h a t  were used e i the r  in th i s  
or p rev ious  s tudies ,  and  d id  no t  be long to t he  subo rde r  of 
Displasiocoela,  we were no t  able  to  de t ec t  a n y  i n t r a m i t o -  
chondr ia l  pa rac rys t a l l i ne  bodies.  For  t h e  t i m e  be ing  we 
are n o t  able  to  say  w h e t h e r  or no t  i n t r a m i t o c h o n d r i a l  
c rys ta l s  are typ ica l  for t he  whole suborde r  of Displasio-  
coela, s ince our  s tud ies  d id  no t  inc lude  species of t h e  fami-  
lies Microhyl idae  or P h r y n o m e r i d a e .  

Desp i te  these  cons iderab le  morpholog ica l  differences in  
t he  i n d i v i d u a l  species, t h e  f o r m a t i o n  of i n t r a m i t o c h o n -  
dr ia l  c rys ta l s  appea r s  to  be a specific t r a i t  of t h e  f ami ly  
IRanidae. I n  add i t i on  to the  5 species of t h i s  f ami ly  used 
in t h i s  s tudy ,  t he re  are to  our  knowledge  a t  leasL 6 o the r  
species of t he  same fami ly  i n v e s t i g a t e d  b y  o the r  a u t h o r s  
wh ich  fo rm i n t r a m i t o c h o n d r i a l  c rys ta l s  too. There  m a y  
be  one excep t ion  in th i s  respect ,  n a m e l y  Rana cyano- 
phlictis, because  we h a v e  no t  been  able  so far  to  observe  
a n y  I C I B s  in oocytes  of th i s  species. F u r t h e r  s tud ies  
appear ,  however ,  to  be  necessa ry  since t he  on ly  two  
an ima l s  ava i l ab le  h a d  s t rong ly  a t r e t i c  ovar ies  which  on ly  
c o n t a i n e d  e i the r  y o u n g  prev i te l logenic  oocytes  or m a t u r e  
degene ra t ed  oocytes,  b o t h  of wh ich  h a v e  neve r  been  
shown  so far  to  c o n t a i n  I C I B s  in any  of t he  o the r  species 
of t he  f ami ly  IRanidae. 

The  fac t  t h a t  oocytes  of Rhacophorus maculatus 
c o n t a i n e d  i n t r a m i t o c h o n d r i a l  pa r ac ry s t a l l i ne  bodies  cor- 
r obo ra t e s  t he  hypo thes i s  t h a t  t he  f ami ly  R h a c o p h o r i d a e  
is descended  f rom the  f ami ly  IRanidae 10. Thus  we hope  to 
h a v e  d e m o n s t r a t e d  once more  t he  i m p o r t a n c e  of u l t r a -  
s t r u c t u r a l  i nves t iga t ions  for t a x o n o m i c a l  s tudies .  

Zusammen[assung. I n t r a m i t o c h o n d r i a l e  pa rak r i s t a l l i ne  
S t r u k t u r e n  w u r d e n  in F r o s c h o o c y t e n  bet  6 yon  10 un te r -  
s u c h t e n  A r t e n  gefunden.  Diese k r i s t a i l inen  I n k l u s i o n e n  
lassen s ich v o m  Of t  der  E n t s t e h u n g  i n n e r h a l b  des Mito-  
c h o n d r i u m s  in zwei A r t e n  un te r t e i l en .  Die eine Ar t  en t -  
s t e h t  im in t r ac r i s t a l en  oder  i n t e r m e m b r a n a l e n  R a u m  u n d  
h a t  in  der  I~egel e inen  G i t t e r a b s t a n d  yon  85-100 A. Die 
zwei te  A r t  e n t s t e h t  in der  m i t o c h o n d r i a l e n  M a t r i x  u n d  
h a t  e inen G i t t e r a b s t a n d  yon  ca. 160 ~ .  Die Ta t sache ,  
dass, bis  auf  eine Ausnahme ,  alle b e k a n n t e n  A r t e n  m i t  
i n t r a m i t o c h o n d r i a l e r  Kr i s t a l l b i l dung  der  gle ichen Fami l ie  
angeh6ren ,  l~sst  den  Schluss  zu, dass  es s ich bet  der  Kri-  
s t a l lb i ldung  u m  ein spezif isches M e r k m a l  der  Fami l i e  
R a n i d a e  hande l t .  Die bet  Rhacophorus maculatus ge- 
f u n d e n e n  pa r ak r i s tMl inen  Kr is ta l le  s t i i t zen  die H y p o t h e s e  
der  A b s t a m m u n g  der  IRhacophor iden yon  den  Ran iden .  
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T-System and Couplings in Frog Myocardial Cells 

I t  h a s  been  r epo r t ed  t h a t  t he re  are some differences  in  
u l t r a s t r u c t u r e  in  t h e  cardiac  muscle  of co ld-b looded 
an ima l s  (fishes, a m p h i b i a n s  a n d  repti les)  as compared  
with that of m a m m a l s  1-3. 

The  lack of t r a n s v e r s e  t ubu le s  (TT) a n d  t he  absence  of 
coupl ings  in t he  cold-blooded an ima l s  m a y  be r e l a t ed  to a 
d i f fe ren t  m e c h a n i s m  of e x c i t a t i o n - c o n t r a c t i o n  coupling.  
However ,  t he  m e c h a n i s m  of a c t i v a t i o n  of con t rac t i l e  
e lements  is no t  ye t  clear in  t he  card iac  muscle  cell of 
co ld-b looded species. Fo r  th i s  r eason  we h a v e  chosen  to  

r epo r t  here  some recen t  obse rva t i ons  on  v e n t r i c u l a r  
ca rd iac  muscle  f ine s t r u c t u r e  of IRana t e m p o r a r i a  (IRT). 

F rog  ven t r i c l e  h e a r t  musc le  was, in t he  f i rs t  ins tance ,  
f ixed b y  per fus ion  w i t h  g lu ta ra ldehyde ,  pos t f ixed  w i t h  
o s m i u m  t e t rox ide  and  e m b e d d e d  in ara ldi te .  I n  longi tud i -  

1 N. A. STALEY and E. S. BENSON, J. Cell Biol. 38, 99 (1968). 
J. R. SO,MEg and P. H. JEWETT, in Cardiac Hypertrophy (Ed. 
N. R. ALPERT; Academic Press, New York-London 1971), p. 89. 
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ha l  sect ions  (Figure la)  of t he  fibres, i n v a g i n a t i o n s  of the  
s a r c o l e m m a  a t  t he  Z - b a n d  level  e x t e n d  deep ly  in to  the  
cy top la sma .  These  i n v a g i n a t i o n s  were large (220-240 n m  
in d iameter ) ,  t h o u g h  v a r y i n g  in size, a n d  c o n t a i n  base- 
m e n t  m e m b r a n e  mater ia l ,  whi le  the  wal l  shows micro-  
p inocy to t i c  ac t iv i ty .  Succeeding  sect ions  show clear ly  
t h a t  the  i n v a g i n a t i o n s  of the  s a r c o l e m m a  can  be t r aced  as 
t ubu le s  wh ich  r u n  t r a n s v e r s e l y  in to  t he  in te r io r  of t h e  
f ibre  and  d e m o n s t r a t e  t he  c o n t i n u i t y  of t he  t u b u l a r  
l u m e n  a n d  t he  ex t ra -ce l lu la r  space. The  shape  in sect ions  
of t he  t ubu le s  depends  on w h e t h e r  t h e y  h a v e  been  cu t  
s t r a i g h t  across or down  t h e i r  l ength .  The  T T  ape r tu r e s  a t  
t he  level  of t he  successive Z -bands  are f r e q u e n t l y  vis ible  
in  t h e  same section,  so t h a t  i t  is a s sumed  t h a t  t h e y  are  
a r r a n g e d  in l ong i t ud ina l  rows. In  t r a n s v e r s e  sect ions  
(Figure lb) ,  t he  T T  were a p r o m i n e n t  fea tu re  w i t h  walls 
composed  of p l a s m a l e m m a  and  b a s e m e n t  m e m b r a n e .  
T h e y  m o s t l y  lie in  r e l a t ion  to the  Z-line, s t a r t i n g  as 
i n v a g i n a t i o n s  of t he  s a r c o l e m m a  and  e x t e n d i n g  deeply  
in to  the  cy top la sma ,  of ten  showing  r ami f i ca t ions  (Figure 
lb) .  The  c o n t i n u i t y  of the  walls of these  t ubu le s  w i t h  t h e  
sa rco le rnma could be c lear ly  seen, so t h a t  we m a y  assume  
t h a t  t he  l u m e n  of t he  tubule ,  wh ich  is sma l l e r  a t  t h e  
s a r c o l e m m a  and  widen ing  ou t  inside the  cell, c o m m u n i -  
cates  w i t h  t he  ex t race l lu la r  space. 

Vesicle profi les  a t  t he  r a t h e r  ex tens ive  sa rcoplasmic  
r e t i cu lum (SIR) are s i t ua t ed  e i the r  a t  some p o i n t  in close 
appos i t ion  w i t h  t he  wall  of t he  TT, or in  close assoc ia t ion  
w i t h  the  s a r c o l e m m a  showing  t he  br idgel ike  s t ruc tu re s  
jo in ing  t he  t r a n s v e r s e  t u b u l a r  sys t em (TTS) an d  SR 
m e m b r a n e s  which  are found  in t r i ads  and  dyads  of 

m a m m a l i a n  cardiac  muscle.  Hence,  b o t h  pe r iphe ra l  and  
in te r io r  coupl ings  are obse rved  in  t h e  ven t r i c l e  myo-  
ca rd i u m of I~T, 

I n  order  to  re fu te  a n y  poss ib i l i ty  of confus ion  as to  
w h e t h e r  or n o t  a c o n t i n u i t y  is p re sen t  be tween  the  space 
w i t h i n  the  T T  an d  t h e  ex t race l lu la r  e n v i r o n m e n t ,  some 
an ima l s  were in jec ted  i.v. p rev ious ly  to f i xa t ion  w i t h  
ho r se rad i sh  pe rox idase  ( H R P )  followed b y  v i sua l i za t ion  
accord ing  to t h e  m e t h o d  of GRAHAM a n d  KARNOVSKY 4. 
H R P  could be  seen a d h e r i n g  to  t h e  outs ide  of t he  
f ibres an d  in T- tubu les  b e t w een  the  f ibres  (Figure 2a and  
b). Occas iona l ly  a smal l  c lus ter  of 2 or 3 t ubu le s  were 
sec t ioned closely toge ther ,  poss ib ly  r ep resen t ing  t he  
b r a n c h i n g s  of a TT. F u r t h e r m o r e ,  in l ong i tud ina l  sect ions,  
i t  can  be c lea r ly  shown t h a t  l o n g i t u d i n a l  ex tens ions  of the  
T - S y s t e m  occur red  b e t w een  a d j a c e n t  Z-bands .  There  is 
no  p e n e t r a t i o n  of H R P  in to  t h e  l u m i n a  of t h e  SR. 

Consequent ly ,  in  the  v e n t r i c u l a r  ca rd iac  muscle  of t he  
frog, unl ike  t h e  obse rva t ions  p rev ious ly  r epo r t ed  l-a, 
s a rco lemmal  i n v a g i n a t i o n s  a t  t h e  Z - b a n d  level  resemble  
the  T T  in the  m a m m a l i a n  card iac  muscle.  W h y  o the r  
i nves t iga to r s  were n o t  able  to  d e m o n s t r a t e  t h e  ex is tence  
of a T T S  in t h e  frog h e a r t  m a y  be  exp la ined  b y  the  re la t ive  
sparseness  of these  tubules .  Moreover,  pe r iphe ra l  as well  
as in t e r io r  coupl ings  are of ten  present .  

4 R. C. GRAHAM and M. J. I(ARNOVSKV, J. His tochem.  Cytochem. 
ld, 291 (1966). 

Fig. 1. a) A portion of a longitudinal section of the myocardium of Rana temporaria, showing the origin of 2 T-tubules (T) at the level of 
the Z-line. The left one is cut longitudinally very deeply into the myofibre, while the right one runs out of the plane of sectioning and then 
deeper into the myofibre where it is cut transversely at the Z-line level. Note the coupling ( ~ ) with junctional processes extending between 
the opposed membranes of the tubular structures. • 36,000. b) Transverse section of the same muscle showing Z, I and A regions and a T- 
tubule, containing basement membrane material (BM), which deeply ramifies. • 
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Fig. 2. a) and b) HRP-treated frog myofibres. Product of the enzymatic reaction is seen in the extracellular space ( ~' ) and in the T-tubules 
(T), which run perpendicularly to the long axis of the myofibres at the level of successive Z-lines. In a) the T-tubules are cut longitudinally 
( x 20,000) ; in b) the apertures of the TT (T) are cut transversely ( • 40,000). 

I n  t he  m a m m M i a n  card iac  muscle,  coupl ings  are 
r ega rded  as a func t iona l  b i n d i n g  of t he  s a r c o l e m m a  an d  
the  sa rcoplasmic  re t i cu lum.  Depo la r i za t ion  of t he  surface 
m e m b r a n e ,  w h e t h e r  i t  is t he  wal l  of a t r a n s v e r s e  t u b u l e  or 
t he  pe r iphe ra l  enve lope  of t he  muscle  fibre, leads  to  t h e  
release of ca lc ium-ions  s tored  in t he  SIR. I n  t h e  case of t h e  
ven t r i c le  of t he  frog, phys io logica l  e x p e r i m e n t s  ind ica te  
t he  presence  of a n  in t ra -ce l lu la r  ca lc ium storeK Hence,  i t  
would  a p p e a r  t h a t ,  s ince t he  d i f f icul ty  caused b y  t h e  
supposed  absence  of coupl ings  has  been  e l imina ted ,  i t  is 
no t  necessary  to  cons ider  a d i f fe ren t  m e c h a n i s m  of exci ta-  
t i o n - c o n t r a c t i o n  coupl ing  in t h e  frog h e a r t  f rom t h a t  of 
t he  m a m m a l i a n  card iac  muscle.  

Zusammen[assung. Auf G r u n d  des g runds~ tz l i ch  iden- 
t i s chen  Fe inbaus  (Vorhandense in  v o n  T - S y s t e m  u n d  

Koppe lungen)  des Myocards  bei  F roseh  u n d  M a m m a l i a  
is t  a n z u n e h m e n ,  dass  in  be iden  Fa l len  auch  die e lektro-  
m e c h a n i s c h e n  K o p p e l u n g e n  iden t i sch  sind.  
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Development of the Adrenergic Innervation in the 

T he  pe r iphe ra l  s y m p a t h e t i c  ne rvous  s y s t e m  has  been  
ex tens ive ly  s tud ied  w i t h  t he  f luorescence m e t h o d  of 
FALCK and  HILLARP 1. Th i s  h igh ly  specific h i s tochemica l  
a p p r o a c h  ha s  t h r o w n  new l igh t  on  t he  morpholog ica l  a n d  
functional aspects of the adrenergic transmitter. However, 
most investigations have been concerned with the comple- 
tely deve loped  adrenerg ic  ne rvous  sys tem.  A t  t he  p r e s en t  
t i m e  only  a few h i s tochemica l  s tud ies  on  t h e  ontogenes is  
of t he  pe r iphe ra l  s y m p a t h e t i c  ne rvous  sys t em h a v e  been  
repor ted2-% I n  these  inves t iga t ions ,  va r ious  pe r iphe ra l  
o rgans  were s tud ied  b u t  t he  d e v e l o p m e n t  of t he  sym-  
p a t h e t i c  i n n e r v a t i o n  of t he  u re t e r  was  neve r  considered.  

W e  h a v e  i n v e s t i g a t e d  t he  d e v e l o p m e n t  of t h e  adrenerg ic  
i n n e r v a t i o n  in t h e  r a b b i t  u r e t e r  and  vas  deferens,  t h i s  
l a t t e r  o rgan  be ing  cons idered  as a reference for f luores- 
cence neu roh i s t ochemiea l  s tudies .  The  appearance ,  dis t r i -  
b u t i o n  a n d  s u b s e q u e n t  d e v e l o p m e n t  of ca t echo lamine -  
c o n t a i n i n g  ne rves  ill these  effector  o rgans  are repor ted .  

Material and methods. 34 y o u n g  male  r a b b i t s  were 
s tud ied  a t  age 1, 2, 3, 4, 6, 8, 10, 14, 18, 21, 30 a n d  45 days.  
12 e m b r y o s  of t he  las t  week  of ges t a t ion  per iod  were 
o b t a i n e d  b y  h y s t e r o t o m y  u n d e r  n e m b u t a l  anes thes ia .  
Spec imens  consis ts  of t he  d i s ta l  p a r t s  of t he  u re te r  a n d  
vas  deferens.  All p r e p a r a t i o n s  were e x a m i n e d  for t h e  
d e m o n s t r a t i o n  of f luorescent  ca t echo lamines  accord ing  
to t he  m e t h o d  of ~'ALCK a n d  HILLARP 1. The  sect ions 
were e x a m i n e d  u n d e r  a Zeiss f luorescent  pho tomic roscope  
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using  a Ph i l ips  h igh-pressure  m e r c u r y  lamp,  a B G  12 
exc i t a t i on  f i l ter  a n d  a 470 u b a r r i e r  fi l ter.  

All  sect ions  were s tud ied  a t  t h e  same  magn i f i ca t ion  
and photomicrographs taken with the same exposure 
time. The number of fluorescent nerves were counted on 
these pictures. 

Some tissues were incubated at 37 ~ for 30 mill in a 
modified Krebs-Ringer bicarbonate buffer containing 
norepinephrine in a concentration of 10 -5 M 7. The 
specificity of the fluorescence reaction was checked by 
omission of the paraformaldehyde reaction and supported 
by the fact that no fluorescence was observed after 
pretreatment of some animals with reserpine and ~-methyl- 
metatyrosine s. 
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