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muscle func t ion  in th is  disease. SZIZNTIVANY115 has thus  
suggested t h a t  in bronchia l  a s t hma  there  is a r educ t ion  
of the  sens i t iv i ty  of f i-adrenoceptors.  I t  has  also been 
d e m o n s t r a t e d  t h a t  leukocytes  f rom pa t i en t s  w i th  bron-  
chial a s t h m a  have  a decreased cyclic AMP response  to  
f i -adrenoceptor  s t imula tors  ~ t  I t  is ev iden t  t h a t  mos t  of 
the  the rapeu t i c  agents  used in bronchia l  a s t h m a  act  via  
the  cyclic AMP sys tem.  This  applies to ca techolamines  5, 
ACTH ~v, as well as hydrocor t i sone  which  increase the  

Effect of hydrocortisone (6 • 10 ~ M) on cyclic AMP content in 
bovine tracheal smooth muscle 

Addition Cyclic AMP (pmol/mg) 

None (control) 0.85 :h 0.07 

Hydrocortisone 1 min 1.02 ~ 0.11 �9 

5 rain 0.97 • 0.10~ 

10 min 1.01 -h 0.11 �9 

Each value represents the mean i SEN[ of assays on 6 tissue samples. 
�9 Differed from the control (p < 0.05). 

cyclic AMP level in bronchia l  s mo o t h  muscle and  decrease 
broncho-cons t r ic t ion .  

Zusammen/assung. U n t e r s u c h u n g  des Wirkungsme-  
chanismus  yon  Hydrocor t i son  auf die Re laxa t ion  der  
T rachea lmusku la tu r  yon  K u h  und  Meerschweinchen,  
wobei  s te ts  eine Zunahme  des zykl ischen AMP-Geha l t s  
gefunden  wurde.  ]?;s wird  angenommen ,  dass sich dadurch  
die intrazellulXre Seques t r ie rung yon  Calcium erh6ht  und  
der Hydrocor t i sonef fek t  zum Teil yon  einer /~-Rezeptor- 
s t imula t ion  abh~ngig  ist. 
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Paracrystalline Inclusions in Mitochondria of Frog 

The main  fea ture  of amph ib i an  oogenesis is cer ta in ly  
the  fo rmat ion  of yolk  platelets .  In  var ious  amphib ians ,  
e.g. Triturus virideseens, Rana temporaria, Rana esculenta 
and  Triturus vulgaris, the  yolk p la te le t  precursors  are re- 
p resen ted  by  mul t ives icular  bodies which  are as a rule 
fo rmed th rough  coalescense of p inocy to t i c  vesicles~ -a. 
Al though  i t  could be clear ly d e m o n s t r a t e d  t h a t  t he  
ma jo r i t y  of vesicles incorpora ted  in to  the  yolk  precursors  
is general ly der ived t h rough  p inocy to t ic  act ivi t ies ,  for 
mos t  cases a pa r t i c ipa t ion  of in t raoocyt ic  m e m b r a n e  
sys tems  in the  fo rma t ion  of yolk  could no t  be ruled out  
conclusively.  Most  u l t r a s t ruc tu ra l  inves t iga t ions  on am- 
ph ib i an  oogenesis have  been  able clearly to  d e m o n s t r a t e  
two or more  d i f ferent  ways  for the  fo rmat ion  of yolk. In  the  
case of Xenopus laevis, for instance,  we too were able to  
d e m o n s t r a t e  a dual  mode  of yolk  fo rma t ion  ~. One mode  
is represen ted  by  the  t r an s fo rma t ion  of mi tochondr i a  
which comprises  the  d i s in tegra t ion  of i n t r ami tochondr i a l  
membranes ,  the  up take  of a large n u m b e r  of vesicles f rom 
various sources, and the  fo rma t ion  of a paracrys ta l l ine  
lat t ice,  resul t ing in yolk  p la te le t s  whose mi tochondr ia l  
origin is no longer deplorable.  In  con t ras t  to  the  forma-  
t ion of a paracrys ta l l ine  la t t ice  subsequen t  to  the  t rans -  
fo rmat ion  of mi tochondr ia ,  it  is t he  di rect  i n t r ami tochon-  
drial  fo rma t ion  of paracrys ta l l ine  la t t ices  which  is t he  
subjec t  of our p resen t  s tudy  carried out  on a to ta l  of 10 
d i f ferent  anu ran  species. (Rana erythrea, R. graeca, R. 
adspersa, t?. cyanophlictis, R. esculenta, R. temporaria, 
Rhacophorus maculatus, Hyla arbores, Bu]o bu/o, Bombina 
bombina). 

I n t r a m i t o c h o n d r i a l  paracrys ta l l ine  inclusion bodies  
(ICIB) were f i rs t  descr ibed in 1958 by  LANZAVECCHIA and  
LE COULTRE5 in a s tudy  of embryogenes i s  in Rana eseu- 
lenta. During  the  course of our inves t iga t ion  we were able 
to de tec t  I C l B  in 6 of t he  10 species used. W i t h  respec t  to  
bo th  the  in t r ami tochondr i a l  local izat ion and the  cent re  to 
cent re  d is tance  of t he  crysta l l ine  lat t ice,  we were able to  
d i s t inguish  2 d i f ferent  t ypes  of ICIBs.  The main  type  of 

Oocytes 

ICIB,  occurr ing in all 6 species, is e i ther  formed in the  
in t racr i s ta l  or i n t e r m e m b r a n e  space and  has a centre  to 
cent re  d is tance  of the  crysta l l ine  la t t ice  which  varies be- 
tween  85 and 100 A. In  5 of t he  6 species ment ioned ,  we 
were only able to  observe  the  fo rma t ion  of ICIB ' s  in the  
in t racr is ta l  space. In  Rana erythrea oocytes,  the  fo rmat ion  
of ICIBs  in the  i n t e r m e m b r a n e  space could, however ,  
f r equen t ly  be detec ted .  On the  basis  of the i r  morphology,  
t h a t  is the  centre  to centre  spacing of the  crys ta l l ine  
la t t ice  and  the i r  size and  shape,  we were no t  able to 
de tec t  any  differences be tween  the  ICIBs  t h a t  were formed 
in the  in t racr is ta l  space and  those  t h a t  were formed in the  
i n t e r m e m b r a n e  space. Great  differences were, however ,  
found  wi th  respect  to  t he  largest  crys ta ls  p resen t  in t he  
d i f ferent  species. The size ranged  be tween  0.2 ~xm x 0.5 ~m 
in Rana ad.spersa and 1.5 [xm • 5.0 ~m in Rana erythrea. 
Al though  a large va r i e ty  of d i f fe rent  shapes  of the  ICIBs  
could be found even wi th in  t he  same oocyte,  we were able 
to  observe,  in each of t he  6 c rys ta l - forming  species, a 
crys ta l  shape  which  appeared  to be typ ica l  for the  indivi-  
dual  species, as can be seen in t he  Figure.  Thus  we found 
in Rana adspersa a large n u m b e r  of round  to  oval inclu- 
sions, in Rana graeca rectangular ,  in Rana esculenta and 
temporaria hexagonal ,  and in Rana erythrea mos t  of the  
crys ta ls  were po lymorphous .  Quite ou t s t and ing  were the  
crysta ls  found  in the  in t racr i s ta l  space of Rhacophorus 
maculatus, and somet imes  in Rana eseulenta and  tempora- 
ria, because of the i r  rod-l ike shape.  In  Rana temporaria 
and  Rana esculenta, as well as in Rhacophorus maeulatus, 
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these  f i l amen tous  s t r u c t u r e s  r u n  para l le l  to  t he  long axis  
of t he  m i t o c h o n d r i a  c o n t r a s t i n g  t he  c r i s tae  of m i t o c h o n -  
dr ia  no t  p a r t i c i p a t i n g  in t he  f o r m a t i o n  of f i l amen to u s  in- 
c lusions  w h i c h  are genera l ly  t r a n s v e r s a l l y  o r i en ta t ed .  
P r i nc ipa l l y  t he  c r i s tae  in m i t o c h o n d r i a  o~ Rana graeca 
oocytes  do no t  e x h i b i t  a p re fe ren t i a l  o r i en ta t ion .  Cris tae 
of m i t o c h o n d r i a  p a r t i c i p a t i n g  in t he  f o r m a t i o n  of ICIBs ,  
however ,  are a lways  t r a n s v e r s a l l y  o r i en ta t ed .  A n o t h e r  
t yp i ca l  f ea tu re  of t he  c rys t a l - fo rming  m i t o c h o n d r i a  of 
2~ana graeca appea r s  to  be  t h e  fac t  t h a t  c rys ta l l ine  bodies  
can  s o m e t i m e s  be  found  in up  to  12 c r i s tae  r u n n i n g  
para l le l  to  each  other .  Disso lv ing  of t he  cr is ta l  m e m b r a n e s  
a n d  s u b s e q u e n t  g r o w t h  of a single crysta l ,  as we were able  
to  observe  in Rana erythrea, or as is t he  case in Rana 
pipiens as r epo r t ed  b y  MASSOVER ~, could n e v e r  be de tec t -  
ed. The  second t y p e  of f o r m a t i o n  of 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  (ICIB) differs f rom the  f i rs t  one descr ib-  
ed in as m u c h  as i t  t akes  place  n e i t h e r  in  t h e  i n t r ac r i s t a l  
no r  in t h e  i n t e r m e m b r a n e  space  b u t  in  t he  m i t o c h o n d r i a l  
ma t r ix .  As r epo r t ed  a l r eady  in a p rev ious  paper ,  t h i s  is t h e  
case for Rana esculenta a n d  Rana temporaria S. In  t h e  
course of t he  p re sen t  s t u d y  we were, however ,  able  to  
de t ec t  t h a t ,  in  ea r ly  s tages  of oocyte  deve lopmen t ,  s imi la r  
c rys ta l l ine  s t r u c t u r e s  are fo rmed  in t h e  m i t o c h o n d r i a l  

m a t r i x  of Rhacophorus rnaculatus oocytes  also. W i t h  a 
cen t re  to  cen t re  d i s t ance  of t h e  c rys ta l l ine  la t t i ce  of 160 
A, t h e  m a t r i x  c rys ta l s  differ  cons ide rab ly  f rom t h e  la t t i ce  
of t h e  i n t r ac r i s t a l  crystals ,  as well  as f rom t h e  l a t t i ce  of 
t h e  yo lk  pla te le ts .  Oi  g rea t  i n t e r e s t  appea r s  to  be t h e  fact ,  
however ,  t h a t  in Rhacophorus m a t r i x  c rys ta l s  can  on ly  be 
found  in y o u n g e r  p rev i te l logenic  oocytes  in  wh ich  no  
yo lk  precursors  were de tec tab le .  B y  t h e  t i m e  t h e  f i rs t  
mu l t i ve s i cu l a r  yo lk  precursors  appeared ,  t h e  m a t r i x  
c rys ta l s  h a d  a p p e a r e n t l y  been  dissolved again.  The  r a t h e r  
t e m p o r a r y  n a t u r e  of t h e  m a t r i x  c rys ta l s  is co r ro b o ra t ed  
b y  our  o b s e rv a t i o n s  m a d e  a t  t h e  onse t  of embryogenes i s  
in  Rana temporaria. I n  t h i s  species t h e  m a t r i x  crystals ,  
wh ich  pr io r  to  o v u l a t i o n  could be found  in all  oocytes  a n d  
m a t u r e  eggs, h a d  d i s appea red  t o t a l l y  in  newly  c leaved  
two-cell stages. A n o t h e r  important feature of matrix 
crystals is the fact that frequently the cristal-membrane 
could be observed to be incorporated into the crystal 
lattice. This immediately raises questions as to the nature 
and composition of the crystalline bodies. As reported 

W. H. rC[ASSOVER, J. Cell Biol. 48, 266 (1971). 

This figure illustrates the different shapes of 
typical inclusion bodies and their intramito- 
ehondrial localization, i.e. in the intracristal 
or intermembrane space and in the mito- 
chondrial matrix. 
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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 -  
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