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I n h i b i t i o n  of Lens  R e g e n e r a t i o n  in the  Eye  of  the  Adul t  N e w t ,  Diemictylus viridescens x 

N u m e r o u s  e x p e r i m e n t s  h a v e  d e m o n s t r a t e d  t h a t ,  in  
c e r t a i n  Urodeles ,  a new lens  fo rms  f rom iris t i s sue  a f t e r  
r e m o v a l  of t h e  or ig ina l  lens  f rom t h e  eye (STONE*). 
Severa l  i n v e s t i g a t o r s  h a v e  s h o w n  t h a t  r e i m p l a n t e d  lenses 
i n h i b i t  lens  r e g e n e r a t i o n  (FROST 3, REYER4). I t  h a s  also 
been  f o u n d  t h a t  a t  l eas t  two  f r ac t ions  of e l ec t rophore t i -  
ca l ly  s e p a r a t e d  lens p r o t e i n s  are  c a p a b l e  of i n h i b i t i n g  
lens  r e g e n e r a t i o n  (SMITH3). I t  h a s  b e e n  r e p o r t e d  t h a t  
w h e n  ch i ck  lens  e x t r a c t  is t e s t e d  a g a i n s t  r a b b i t  ch ick- lens  
a n t i s e r u m  b y  d o u b l e  d i f fus ion  in  a g a r  gel t h r e e  p rec ip i t i n  
l ines a re  fo rmed  w h i c h  c a n  b e  iden t i f i ed  w i t h  p rec ip i t i n  
l ines fo rmed  w i t h  i so la ted  ~-, fl- a n d  7-c rys ta l l ins  (MAISEL 
a n d  LANGMANe). These  a u t h o r s  also r e p o r t e d  t h a t  am-  
p h i b i a n  (frog) lens e x t r a c t  t e s t e d  w i t h  t h e  ch ick  lens  
a n t i s e r u m  f o r m e d  on ly  2 p rec ip i t i n  lines. These  l ines  
showed  p a r t i a l  i d e n t i t y  w i t h  t h e  a- a n d  ~-cr-ystallin pre-  
c ip i t in  l ines  of t h e  chick.  T h e  a m p h i b i a n  lens  a p p a r e n t l y  
does  n o t  c o n t a i n  a n  a n t i g e n  c o m p a r a b l e  t o  t h e  f l -crysta l l in  
of t h e  ch i ck  lens.  T h e  p r e s e n t  s t u d y  was  u n d e r t a k e n  t o  
d i scover  w h e t h e r  t h i s  an t i gen i c  d i f ference  e x t e n d e d  to  
t he  n e w t  a n d  if so w h e t h e r  i t  h a d  a n y  s ign i f icance  for  
t he  suppres s ion  of lens r e g e n e r a t i o n  in t h i s  species. 

R a b b i t s  were i m m u n i z e d  a g a i n s t  ch i ck  lens e x t r a c t  
in  o rde r  to  o b t a i n  lens  a n t i s e r u m .  T h e  lens  a n t i s e r u m  
was  t e s t e d  a g a i n s t  ch i ck  lens  e x t r a c t  a n d  a g a i n s t  n e w t  
lens  e x t r a c t  b y  t h e  a c c e p t e d  m e t h o d  of  i m m u n o e l e c t r o -  
phores i s  in  a g a r  gel. T h e  re su l t s  o b t a i n e d  (F igure  1) 
con f i rm  t h a t  t h e  ~¢- a n d  7-c rys ta l l ins  of t h e  lenses  of b o t h  
species are  an t igen ica l ly  s imilar ,  a l t h o u g h  t h e  ~-c rys ta l l in  

arc  fo rmed  b y  t h e  n e w t  lens  e x t r a c t  is weake r  t h a n  t h a t  
of t h e  ch i ck  lens  ex t r ac t ,  a n d  t h a t  t h e r e  is n o  f l -crys ta l l in  
arc  f o r m e d  b e t w e e n  n e w t  lens  e x t r a c t  a n d  ch ick  lens  
a n t i s e r u m .  

B o t h  ch i ck  lens  e x t r a c t  a n d  n e w t  lens  e x t r a c t  were  
s e p a r a t e d  e l ec t rophore t i ca l l y  on  agar ,  s t a i n e d  w i t h  
A m i d o l  Black-10-B,  a n d  t h e  reg ions  co r r e spond ing  to  
t h e  ~-, fl- a n d  p -c rys ta l l ins  ident i f ied .  P lugs  of a g a r  
a b o u t  1 m m  3 were  r e m o v e d  f r o m  t h e  f l -crys ta l l in  a reas  
of c o m p a n i o n  s labs  a n d  i n se r t ed  in l e n t e c t o m i z e d  eyes  
of a d u l t  newts .  

T h e  lenses of t h e  r i g h t  eyes  of 20 h e a l t h y  a d u l t  n e w t s  
were  e x t i r p a t e d  as follows. T h e  a n i m a l s  were  a n e s t h e t i z e d  
in MS 222 a n d  p laced  on  gauze  in open  p e t r i  d i shes  con-  
t a i n i n g  10% H o l t f r e t e r ' s  so lu t ion.  T h e  co rnea  was s l i t  
w i t h  a f r a g m e n t  of r azor  b l a d e  in a ho lde r  a n d  t h e  lens  
forced  o u t  b y  p ressu re  w i t h  f ine forceps.  Care  was  t a k e n  
n o t  to  i n j u r e  t h e  iris. I n  10 a n i m a l s  t h e  lens  was  r ep l aced  
b y  a p lug  of  aga r  c o n t a i n i n g  ch ick  f l -crys ta l l in  a n d  in  
10 o the r s  w i t h  a p lug  of a g a r  c o n t a i n i n g  n e w t  f l-crystal l in.  
On  t h e  10 th  d a y  t h e  o r ig ina l  p lugs  of aga r  were  r e m o v e d  
f rom t h e  eyes  a n d  f resh  p lugs  inser ted .  On  t h e  20 th  d a y  
t h e  a n i m a l s  were  sacr i f iced a n d  t h e  o p e r a t e d  eyes  were  
f ixed in B o u i n  fluid,  e m b e d d e d  in paraf f in ,  sec t ioned ,  
a n d  s t a i n e d  in  H a n d  E.  T h r o u g h o u t  t h e  e x p e r i m e n t  t h e  
a n i m a l s  were  m a i n t a i n e d  in t a p  w a t e r  a t  21 °C. 

His to log ica l  e x a m i n a t i o n  of  t h e  eyes  r evea led  t h a t  in  
8 of t h e  10 l e n t e c t o m i z e d  eyes  b e a r i n g  n e w t  lens  fl-crys- 
t a l l i n  in  a g a r  gel no  n ew  lenses  were  r e g e n e r a t e d  f r o m  

Fig. 1. Immunoelectrophoretic comparison of 
chick and newt lens extracts by means of 
chick lens antiserum. Upper well, chick lens 
extract; lower well, newt lens extract. 

, 

Fig. 2. Section of an adult newt eye 20 days after extirpation of 
lens and containing an agar plug of chick fl-crystallim L, regenerated 
ens; A, agar plug of chick fl-erystallin. 

t h e  iris, a n d  in  2 eyes  t h e r e  was  a poo r  b e g i n n i n g  of  lens  
r egene ra t ion .  However ,  in  al l  of t h e  10 eyes  b e a r i n g  ch ick  
lens  f l -crysta l l in  in  aga r  new lenses were  r e g e n e r a t e d  
f rom t h e  iris (Figure  2). I t  is o b v i o u s  t h a t  t h e  i n h i b i t i o n  
was  n o t  caused  b y  t h e  m e c h a n i c a l  p resence  of t h e  a g a r  
p lug  (see a lso SMITH~). 

A l t h o u g h  FROST a d e m o n s t r a t e d  t h a t  t h e r e  a re  q u a n -  
t i t a t i v e  d i f fe rences  in  t h e  i n h i b i t o r y  a c t i o n  of r e g e n e r a t i n g  
lenses  of d i f f e ren t  ages  i n se r t ed  in  l e n t e c t o m i z e d  n e w t  
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eyes he could find no evidence of any quali tat ive dif- 
ferences. I t  was his opinion that  the existence of any 
inhibitory substance of lenticular origin remained specula- 
tive. Subsequently, SMITH 5 found tha t  of 7 fractions 
obtained by electrophoretic separation of newt lens 
proteins on starch gel at least 2 fractions inhibited lens 
regeneration and at  least 1 fraction st imulated lens 
regeneration. I t  is of interest, therefore, to note tha t  the 
significant difference between newt lens extract  and chick 
lens extract  is in the antigenic nature of the fl-crystallins 
which seem to be class-specific. This is in complete 
agreement with the observation of MAmEL and LANG- 
MA~ e for the frog. The electrophoretic fraction of newt 
lens extract  which contains the fl-crystallin (and perhaps 
other substances not  revealed by immunological methods) 
inhibits newt lens regeneration, whereas the same fraction 
of chick lens extract  does not inhibit  newt lens regenera- 

tion. Thus, chick lens extract  is not only immunologically 
different from that  of the newt, but  it is also physi- 
ologically different. 

R~sumL La comparaison immuno616ctrophor6tique 
d 'extrai t  du cristallin de salamandre avec de l 'extrai t  
du cristallin de poulet a montr6 que la diff6rence essen- 
tielle r6side dans le caract~re antig6n6tique du fl-cristallin. 
La r6g6n6ration du cristallin fut inhib6e par les mati~res 
extraites du cristallin de salamandre mais non pas par 
celles qui provenaient  du cristallin de poulet. 
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t~ber d e n  E i n f l u s s  d e s  P e n i c i l l a m i n s  au f  d a s  S k e l e t s y s t e m  w a c h s e n d e r  R a t t e n  

D-Penicillamin ist ein Kupferchelator und bewirkt eine 
Verarmung des Organismus an Kupferionen 1, 2. Es hemmt  
in vitro eine kupferhaltige Aminooxydase des Knorpel- 
Knochengewebes, die bei der intramolekularen Tropo- 
kollagenvernetzung ben6tigt wird 3-5. In vivo t r i t t  nach 
Penicillamin-Verabreichung bei der Maus und bei der 
Rat te  ein Osteolathyrismus auf, der durch Kupfergabe 
reversibel ist4, ~. Im Gegensatz zum lathyritischen Kol- 
lagen nach fl-Aminopropionitril ist der Aldehydgehalt  
des Kollagens nach Penicillamin-Behandlung gr6sser als 
derjenige des Normalkollagens 7. Es war deshalb von 
Interesse zu erfahren, ob Penicillamin die Struktur  und 
die mineralbindenden Eigenschaften der fibrillenhaltigen 
Grundsubstanz im Knochen- und Knorpelgewebe ver- 
~tndert. 

Material und Methodik. 15 ca. 125 g schweren Wistar- 
ra t ten wurde t~glich 0.2 g D-Penicillamin (DISTA, 
Liverpool) peroral verabreicht. 6 Rat ten  dienten als 
Kontrolle. Ats Parameter  fiir den Mineralumsatz im 
Skeletsystem wurde 9 ~vVochen nach Behandlungsbeginn 
7 Tieren 10 ~Ci Sr 85 i.v. injiziert. 30 h danach wurde ein 
Photoszint igramm und R6ntgenbild angefertigt und 
zus~ttzlich 1, 3, 4, 6, 10, 14 und 21 Tage nach der Sr sS- 
Injektion die Sr-Aktivit~tt fiber dem Tibiakopf bestimmt. 

8 Tieren wurde nach der 9. Behandlungswoche die 
proximale Tibiaepiphyse entnommen und nach Vorfixie- 
rung in cacodylat-gepuffertem Glutaraldehyd (6,25%) 

und Nachfixierung in cacodylat-gepuffertem Osmium- 
tetroxyd (4%) in Epon 812 fiir die ultrastrukturelle 
Untersuchung eingebettet. 

Be/unde und Diskussion. Das gesamte Skeletsystem 
der mit  Penicillamin behandelten Tiere ist gegeniiber 
den Kontrollen strahlentransparenter,  und die langen 
R6hrenknochen sind in ihrem Wachstum gegenfiber den 
Kontrollen zuriickgeblieben (Figur 1). 

Die auff/illige Verbreiterung der Epiphysenfuge wird 
vor allem durch eine Zunahme des Blasenknorpels ver- 
ursacht. In ungew6hnlicher Weise werden in der Grund- 
substanz um die hypertrophischen Blasenknorpelzellen 
2000 A dicke Kollagenfibrillen gefunden, die in einer 
Periodik von 640 ~ geb~indert sind. Sie entstehen durch 
seilartige Zusammenlagerung diinnerer Fibrillenelemente 
der Umgebung. Solche Kollagenfibrilten werden nie im 
hyalinen Knorpel einer normalen Epiphysenfuge be- 
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I, B 
Fig. 1. RSntgenbild und Photoszintigramm naeh Sr85-Injektion. 
a) Kontrolltiere, b)penieillaminbehandelte Ratten: Retardiertes 
Waehstum der R6hrenknoehen, verbreiterte Tibiaepiphysenfuge, 
fehlende SrSS-Akkumulation tiber dem Kniebereich (Pfeil). 


