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a n d  pos t f ixed  in 1% o s m i u m  t e t r a o x i d e  in  t he  same 
buffer .  Af te r  d e h y d r a t i o n  in  a g r a d i e n t  of a lcohol  water ,  
a n d  alcohol  p ropy l ene  oxide, t he  b locks  were e m b e d d e d  
in  epon  812 a n d  po lymer ized  a t  60~ 
Gold sect ions  were m o u n t e d  on  nickel  grids, a n d  f loa ted  
for  20 ra in  on  a d rop  of 10% h y d r o g e n  perox ide  solut ion,  
in  o rder  to  e l imina te  t he  excess osmic acid. 
The  sect ions  were ex t ens ive ly  w a s h e d  w i t h  dis t i l led w a t e r  
a n d  i n c u b a t e d  on  a d rop  of a n t i b o d y  d i rec ted  t o w a r d s  
h u m a n  ca lc i ton in  d i lu ted  1/50 in p h o s p h a t e  buffer  0.2 M p h  
7.5 c o n t a i n i n g  0.2% h u m a n  a l b u m i n  and  1% sod ium 
mer th io l a t e .  Excess  a n t i b o d y  was r e m o v e d  b y  r epea t ed  
wash ing  of t he  sect ions  in p h o s p h a t e  buf fe red  sal ine (PBS) 
a n d  t he  washed  sect ions  were i n c u b a t e d  on  a d rop  of 
a n t i - r a t  Ig i m m u n o g l o b u l i n  ( rabbi t )  label led  w i t h  peroxi-  
dase  a n d  pur i f ied  b y  molecu la r  s ieving *. Af te r  f u r t h e r  
wash ings  w i t h  P B S ,  t h e  sec t ions  were s t a ined  for per-  
ox idase  b y  i n c u b a t i o n  w i t h  c o n t i n u o u s  a g i t a t i o n  for 
20 min  in t h e  fol lowing s u b s t r a t e :  p h o s p h a t e  buf fe r  
0.2 M p H  7.2 c o n t a i n i n g  0 .075% d i a m i n o  benz id ine  a n d  
0 .001% h y d r o g e n  peroxide.  T he  t r e a t e d  sect ions  were 
w a s h e d  twice  w i t h  dis t i l led w a t e r  and  pos t - f ixed  in 1% 
osmic  acid before  e x a m i n a t i o n  in a n  e lec t ron  micro-  
scope 5, e. 
The  fol lowing cont ro l s  were used in o rder  to  e s t ab l i sh  t he  
speci f ic i ty  of t he  i m m u n o p e r o x i d a s e  s t a in :  a) sec t ions  
i n c u b a t e d  in t h e  presence  of n o r m a l  r a t  se rum,  b) sec t ions  
i n c u b a t e d  in t he  presence  of specific an t i ca l c i t on in  an t i -  
b o d y  s a t u r a t e d  w i t h  s y n t h e t i c  h u m a n  calc i tonin ,  c) 
sec t ions  d i rec t ly  i n c u b a t e d  in t h e  s u b s t r a t e  for t he  con t ro l  
of n o r m a l l y  occur r ing  pe rox idase  in t he  t h y r o i d  gland.  
Results. I n  sect ions  of t h e  t h y r o i d  g l and  t r e a t e d  w i t h  lead 
a n d  u r a n i u m  salts,  C cells are  easi ly  d e m o n s t r a t e d  b y  t he  
p resence  of n u m e r o u s  e lec t ron  dense  g r a n u l a t i o n s  (figure 
a). T r e a t m e n t  w i t h  h y d r o g e n  pe rox ide  des ta ins  t h e  
cel lular  organel lae ,  t he  m e m b r a n e s  a n d  t he  e lec t ron  dense  

granules .  I n  t he  t h y r o i d  sect ions  s t a i ned  b y  t he  doub le  
i m m u n o p e r o x i d a s e  t echn ique ,  t he  C cells c o n t a i n  n u m e r -  
ous g ranu les  revea led  b y  t h e  p resence  of a d a r k  p rec ip i t a t e  
of r eac t i on  p r o d u c t  (figure c). This  r eac t i on  is specific as 
sect ions  i n c u b a t e d  w i t h  n o r m a l  s e r u m  or w i t h  t he  an t i -  
b o d y  s a t u r a t e d  w i t h  s y n t h e t i c  ca lc i ton in  do n o t  show a 
pos i t ive  r eac t ion  (figure b). N a t u r a l l y  occur r ing  peroxi-  
dase  is l imi ted  to t he  m a s t  cells a n d  red  b lood  corpuscles.  
Discussion. In  e lec t ron  microscope  s tudies ,  C cells h a v e  
been  ident i f ied  p r i nc ipa l l y  b y  t h e i r  h i g h  c o n t e n t  of 
e lec t ron  dense  granules .  T h e  work  p r e s e n t e d  here  con-  
f i rms  t h a t  these  g ranu les  do c o n t a i n  specif ical ly i m m u n o -  
r eac t i ve  ca lc i tonin .  The  fac t  t h a t  a p a r t  of these  g ranu les  
do n o t  show a pos i t ive  r eac t i on  w i t h  t he  i m m u n o p e r o x i -  
dase  t e c h n i q u e  m a y  be  due  to  a p a r t i a l  d e n a t u r a t i o n  of 
t h e  ca lc i ton in  a f fec t ing  i t s  i m m u n o r e a c t i v i t y ,  or to  t he  
p resence  of a second t y p e  of g ranu les  c o n t a i n i n g  a 
po lypep t ide - s  of u n k n o w n  n a t u r e  syn t t l e t i zed  b y  t he  
C cells. The  n a t u r a l l y  occur r ing  perox idase  p r e s e n t  in  t he  
t h y r o i d  does n o t  h i n d e r  specific l abe l l ing  of t he  granules  
of t h e  C cells, as t he  e n z y m e  occurs  on ly  in t he  m a s t  cells 
a n d  red  b lood  corpuscles  w h i c h  are morpho log ica l ly  qu i t e  
d i s t i nc t  f r om the  C cells. The  ca l c i ton in  c o n t e n t  of the  
C cells is loca ted  in t he  granules ,  and  s e p a r a t i o n  of cel lular  
componen t s ,  b y  dens i t y  g r a d i e n t  cen t r i fuga t ion ,  showed 
t h a t  ca lc i ton in  is p r e s e n t  p r e d o m i n a n t l y  in  t h e  g r a n u l a r  
f r ac t i on  7. 
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Summary. The  o n t o g e n y  a n d  loca l iza t ion  of t he  7 c rys ta l l ins  in  Discoglossus p ic tus  lens d e v e l o p m e n t  ha s  been  de ter -  
mined .  Us ing  a n t i b o d y  specific for a m p h i b i a n  y c rys ta l l ins  in  t h e  immunof luo re scence  t echn ique ,  i t w a s  found  t h a t  Y 
c rys ta l l ins  f i rs t  a p p e a r  in  p r i m a r y  lens  f ibre  cells in  t h e  lens r u d i m e n t ,  and  con t inue  to  be  r e s t r i c t ed  to  t h e  f ibre  a rea  
as lens d e v e l o p m e n t  progresses.  T h u s  t he  role of Y c rys ta l l ins  as i nd ica to r s  of a d i f f e r en t i a t ed  s t a t e  r e m a i n s  c o n s t a n t  in  
a m p h i b i a n  evo lu t ion ,  h a v i n g  been  d e m o n s t r a t e d  in t h e  m o s t  a rcha ic  a n u r a n  super fami ly ,  as well  as in  o the r s  more  
r e c e n t l y  evolved.  

Discoglossus  p ic tus ,  t he  p a i n t e d  frog, is a m e m b e r  of t h e  
f a m i l y  Discoglossidae a n d  n a t i v e  to  s o u t h w e s t e r n  E u r o p e  
a n d  n o r t h w e s t e r n  Africa.  A l t h o u g h  r a n i d  in a p p e a r a n c e  
a n d  size, th i s  a n u r a n  is cons idered  to  be  evo lu t i ona r i l y  
p r imi t i ve .  P r ev ious  s tud ies  to  d e t e c t  t h e  t i m e  of f i rs t  
a p p e a r a n c e  a n d  loca l iza t ion  of t h e  7 c rys ta l l ins ,  t hose  
s t r u c t u r a l  lens p ro t e in s  specific for  lens f ibre  fo rma t ion  
in  a m p h i b i a n s ,  h a v e  c o n s i s t e n t l y  assoc ia ted  t h e i r  a p p e a r -  
ance  w i t h  t he  d i f f e r en t i a t i on  of p r i m a r y  lens f ibre  cells m 
t h e  e m b r y o n i c  lens  r u d i m e n t  3-5. I n  o rder  to  d e t e r m i n e  
t h e  p resence  of t h i s  assoc ia t ion  in  t he  a rcha ic  a n u r a n s ,  
t h e  o rogeny  a n d  loca l iza t ion  of t h e  7 c rys ta l l ins  in D. 
p i c tu s  d e v e l o p m e n t  was  e luc ida ted  b y  m e a n s  of t h e  
i m m u n o f l u o r e s c e n c e  t echn ique .  
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Fer t i l i zed  D. p ic tus  eggs were k i n d l y  p r o v i d e d  b y  t h e  
t I u b r e c h t  L a b o r a t o r y ,  I n t e r n a t i o n a l  E m b r y o l o g i c a l  I n -  
s t i tu t e ,  a n d  rea red  in t he  l abo ra to ry .  E m b r y o s  of D. p i c tu s  
were s t aged  e x t e r n a l l y  accord ing  to  S h u m w a y  6 a n d  f ixed 
in cooled 95% e t h a n o l  for  use in i m m u n o f l u o r e s c e n c e  ~, 
or  in  ]3ouin 's  f luid for n o r m a l  h is to logy.  Sect ions  5 ~m in 
t h i c k n e s s  t h r o u g h  t he  deve lop ing  eye region were pro-  
cessed for immunof luo re scence  accord ing  to  t h e  t e c h n i q u e  
of McDev i t t ,  Meza a n d  Y a m a d a  a. A n t i b o d y  to a m p h i b i a n  
y c rys ta l l ins  (der ived f rom R a n a  p ip iens  3, 4, ~) was incu-  
b a t e d  w i t h  t h e  sec t ions  c o n t a i n i n g  b r a i n  a n d  eye rud i -  
m e n t  in  t he  i nd i r ec t  t e c h n i q u e  of Wel le r  a n d  Coons s, as 
desc r ibed  b y  M c D e v i t t  e t  al. ~. The  r e su l t i ng  app le -g reen  
immunof luo re scence  was  obse rved  a n d  p h o t o g r a p h e d  
us ing  dark- f ie ld  condi t ions ,  w i t h  t he  s i tes  of i m m u n o -  
f luorescence  i n t e r p r e t e d  as t h e  s i tes  of co r r e spond ing  
a n t i g e n  (Y crys ta l l ins)  in  t h e  t i ssue  sect ion.  
W h e n  sec t ions  t h r o u g h  t h e  deve lop ing  b r a i n  a n d  eye 
region of D. p ic tus  were sub j ec t ed  to  t h e  i m m u n o f l u o r e s -  
cence t echn ique ,  no  pos i t ive  r eac t i on  of a n y  k i n d  could  
be  obse rved  u n t i l  Lens  D e v e l o p m e n t a l  S tage  VI  a , a t  
wh ich  t i m e  t h e  lens  r u d i m e n t  has  a t t a i n e d  t he  vesicle  
s tage  a n d  exh ib i t s  e longa t ion  of those  cells a d j a c e n t  to  
t h e  op t ic  cup.  This  se lect ive  e longa t ion  fo reshadows  t h e  
f o r m a t i o n  of lens fibres,  a n d  t h u s  these  cells are t e r m e d  
p r i m a r y  lens f ibre  cells. The  immunof luo re scence  is lo- 
cal ized in  t he  c y t o p l a s m  of on ly  those  cells a d j a c e n t  to  
t h e  opt ic  cup  (prospec t ive  re t ina) ,  a n d  n o t  in  t h e  e x t e r n a l  
l aye r  of t he  lens  r u d i m e n t  (figure, a). Th i s  loca l iza t ion  of 
f luorescence i nd i ca t i ve  of y c rys ta l l ins  r e m a i n s  r e s t r i c t ed  
to  t h e  f ibre  region u p  to  Lens  D e v e l o p m e n t a l  S tage  X,  a t  
w h i c h  t i m e  t h e  lens ha s  a t t a i n e d  i ts  de f in i t ive  h i s to logy  

(figure, b a n d  c). A t  no t i m e  d id  immunof luo re scence  
a p p e a r  in  t h e  e x t e r n a l  l ayer  ( later ,  lens  ep i the l ium)  or  in  
o t h e r  eye t issues.  
These  resu l t s  sugges t  t h a t  t h e  co n cep t  of ~ c rys ta l l ins  as 
i n d i c a t o r s  of a d i f f e r en t i a t ed  s ta te ,  i.e. lens f ibre  fo rma-  
t ion ,  is a va l id  one, a n d  t h a t  t i l ls  a s soc ia t ion  of a deve lop-  
m e n t a l  e v e n t  w i t h  a b iochemica l  e v e n t  is conse rved  in 
evo lu t ion .  A n u r a n  a m p h i b i a  are cons idered  to  h a v e  
wide ly  v a r y i n g  degrees  of p r i m i t i v e n e s s  9,1~ w i t h  t h e  
s u p e r f ami l y  A s cap h o i d ae  ( fami ly  A s c a p h i d a e  a n d  f ami ly  
Discoglossidae)  t h e  m o s t  a r cha i c  in  t e r m s  of evo lu t ion .  
Fossi l  records  d a t e  t h e  Discogloss idae  as l a te  Jurass ic ,  
whi le  t h e  R a n i d a e  are cons idered  m o d e r n  or a d v a n c e d  
a n u r a n s  (Oligocene) 10. T h u s  D. p ic tus  is t h e  m o s t  a n c i e n t  
a n u r a n  y e t  i n v e s t i g a t e d  in t h i s  regard ,  a n d  t h e  ~ c rys ta l -  
l in immunof luo re scence  profi le  o b t a i n e d  coincides  exac t ly  
w i t h  t h a t  e s t ab l i shed  for o ther ,  more  h i g h l y  a d v a n c e d  
a n u r a n s  3--5. 
T h e  genera l  ou t l ines  of lens morphogenes i s  are  also v e r y  
s imi la r  to  h i g h e r  anu rans ,  i.e. ran ids .  Lens  d e v e l o p m e n t  
in  D. p ic tus  is n o t  a b e r r a n t ,  as i t  is in  i t s  y o u n g e r  (ear ly  
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7 S.K. Brahma and D. S. McDevitt, J. Embryol. exp. Morph. 32, 

783 (1974). 
8 T .H.  Weller and A. H. Coons, Proe. Soc. exp. Biol. Med. 86, 
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a c Selected lens developmental stages a of embryonic Discoglossus pictus, incubated in the indirect immunofluorescence technique with 
anti-T crystallin antibody: a Stage VI; b Stage VIII; c Stage X. 

d-J Lens developmental stages of embryonic D. pictus, for histological reference purposes: d Stage VI; e Stage VIII; [ Stage X. Hematox- 
ylin and eosin. 
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Cretaceous) and  pu re ly  aquat ic  relat ive,  Xenopus ,  fami ly  
Pipidae*.  Excep t ions  to t he  ran id  mode  of lens fo rma-  
t ion s n o t e d  b y  us include small  size (e.g. a t  Stage V, t he  
lens r u d i m e n t  of D. p ic tus  is only  1/, the  d iamete r  of t h a t  
of t he  cor responding  R. pipiens  lens s tage);  and  late  
pers i s tance  (after Stage  X) of a lens vesicle r e m n a n t .  

These did no t  alter,  however ,  the  cons i s ten t  i mmu no-  
f luorescence profile for 7 crys ta l l ins  t h a t  we ob ta ined ;  we 
s u b mi t  t h a t  overwhe lming  evidence,  b o t h  in t ra -  and  
in terphyle t ic ,  confi rms th i s  class of lens-specific s t ruc-  
tu ra l  p ro te ins  as one of the  m o s t  valuable  p robes  avai lable 
to  t he  deve lopmen ta l  biologist  today .  
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Summary.We have  carr ied ou t  h i s tomechan ica l  s tudies  on the  h u m a n  and  bovine l iver capsule under  t ens ion  loading. 
Resul t s :  Nonl inear  force- t ime curve under  ex tens ion  wi th  cons t an t  speed,  init ial  u p p e r  and lower s u m m i t  decrease 
of the  dynamic  re laxa t ion  curve,  ampl i tude  d iminu t ion  p h e n o m e n o n  of the  dynamic  re laxa t ion  in the  lower nonl inear  
p a r t  of t he  ex tens ion- t ime  curve,  dynamic  (cyclic) force recovery.  

The ma in  c o m p o n e n t s  of t he  l iver capsule are connec t ive  
t issue cells, nerves ,  collagen, and  elastic fibres. The 
physiological  i n t r ahepa t i c  t issue pressure  in te rac t s  wi th  
t he  tens ion  of t he  capsule 3-6. The liver capsule expan d s  in 
consequence  of an acute  gain in vo lume wi th  cer ta in  dis- 
eases of t he  liver. I m p a c t s  in a b lun t  abdomina l  t r a u m a  
can  resul t  in h igh  tens ions  of the  l iver capsule as well as in 
rup tu re s  of t he  capsule a n d  p a r e n c h y m a .  In  th is  con tex t ,  
the  ques t ion  arises which  mechanica l  proper t ies  t he  l iver 
capsule  embodies  7-10. 
Materials and methods. We have  s tud ied  the  h u m a n  and  
bovine  l iver capsule.  The h i s tomeckanica l  examina t ions  
were pe r fo rmed  24-36 h af ter  dea th .  The specimens  were  
s to red  abou t  + 3 ~ A rec tangle  area was marked  on the  
surface of the  liver. The marg ina l  lines of th is  rec tangle  
were cu t  wi th  a razor  blade.  Af te r  t h a t  the  des igna ted  
capsule  area was careful ly  dissected.  Then  the  spec imen  
was once more  measured  and  a t t a c h e d  to  t he  c lamps  of the  
t e s t ing  machine .  The h i s tomechan ica l  loading examina -  
t ions  were pe r fo rmed  in physiological  solut ions of def ined 
t e m p e r a t u r e s  wi th  the  D y n a t r o n  a f te r  Meskat ,  Rosenberg  
and  H o f f m a n n  11 for dynamica l  s t ress -s t ra in  curves  and  a 
s ta t ica l  universal  t e s t ing  machine  1~, 13 
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Fig. 1. Clamp device for rectangular test specimens from human and 
bovine liver capulse. C 1 right clamp which induces a change in 
length (alL) at the capulse specimen (H) with a certain preselected 
constant speed. P force (load) measurement device attached to the 
right clamp. C 2 left clamp which brings about sinus-shaped changes 
in length. 

Fig. 2. Force-extension diagram from the bovine liver capsule. Size 
of the capsule test specimen before dissection 'in situ' 30 • 10 ram. 
After the piece of capsule had been dissected, a certain contraction 
could be observed. The mechanical test was performed in Ringer 
solution. The diagram was taken from a steady state series (after 
preconditioning). Abscissa: increase in length z~ L in ram. Ordinate: 
force (load) P in Newton. The initial length between clamps before 
preconditioning and in a perfect release from tension was 10 mm. 


