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g r o w t h  of t h e  ax ia l  t i ssues  t h a n  t he i r  fellows k e p t  in  
v i t a m i n  so lu t ions  for  t h e  en t i r e  d u r a t i o n  of t h e  exper i -  
m e n t .  I n  c o n c e n t r a t i o n s  of 10 I . U . / m l  a n d  above ,  however ,  
r e g e n e r a t i o n  of t he  ax ia l  t i ssues  was a l m o s t  c o m p l e t e l y  
suppres sed  i r r e spec t ive  of t h e  d u r a t i o n  of t r e a t m e n t  
(F igure  b a n d  d). W h e n  these  t i s sues  d id  r e g e n e r a t e  to  
some  e x t e n t  t h e y  f r e q u e n t l y  grew in a pos t e ro -dor sa t  or  
p o s t e r o - v e n t r a l  d i r ec t i on  in  t h e  r e g e n e r a t i n g  tai l .  

T h e  c a u d a l  m a r g i n  of t h e  r e g e n e r a t i n g  ta i l - f in  in  exper i -  
m e n t a l  t adpo l e s  o f t en  b e c a m e  folded to  t h e  r i g h t  or  le f t  
s ide ea r ly  a f t e r  a m p u t a t i o n .  T h e  fo ld ing  sp read  a n t e r i o r l y  
a long  t h e  dorsa l  a n d  v e n t r a l  m a r g i n s  of t he  ta i l - f in  ul t i -  
m a t e l y  fo rming  a d i s t i n c t  p o c k e t  of f in- t i ssue  a t  t h e  re- 
g e n e r a t i n g  end  (F igure  c a n d  d), I n  t adpo le s  k e p t  in  
v i t a m i n  A so lu t ions  for t he  en t i r e  d u r a t i o n  of  t h e  exper i -  
m e n t  f r e q u e n c y  of such  a f in -pocke t  f o r m a t i o n  was n e a r l y  
0 %  in 1 I . U . / m l  solut ion,  ove r  30% in 2.5 a n d  a l m o s t  
100% in c o n c e n t r a t i o n s  of 5 or  more  I.U./ml. I n  a n i m a l s  
g iven  th i s  t r e a t m e n t  for  on ly  t he  f i rs t  d a y  a f t e r  a m p u t a -  
t i on  t he  f r e q u e n c y  of f in -pocke t  f o r m a t i o n  rose f rom 
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Camera lucida drawings of tail regenerates of Bulo tadpoles. (a) 9-day- 
old control; (b) 9-day-old experimental, maintained in 2.5 I.U./ml 
vitamin A solution for all 9 days; (c) 5-day-old experimental, kept 
in 5 I.U./ml vitamin A solution for only the first day after amputa- 
tion; (d) 6-day-old experimental, kept in 30 I.U./ml vitamin A 
solution for only the first day after amputation. AT, axial tissues; 
P, fin-pocket formed at the regenerating end, Arrows indicate level 
of amputation. 

nea r ly  0 %  in 1 a n d  2.5 I .U . / m l  so lu t ions  to  ove r  70% in 
20 a n d  30 I . U . / m l  v i t a m i n  A co n cen t r a t i o n s .  

T h e  resu l t s  c lear ly  i nd i ca t e  t h a t  excess of v i t a m i n  A in 
t h e  m e d i u m  exer t s  a s t rong  i n h i b i t o r y  in f luence  o n  ta i l  
r e g e n e r a t i o n  in Bu[o t adpoles .  T h e  degree  of i n h i b i t i o n  
d e p e n d s  u p o n  c o n c e n t r a t i o n  of t h e  v i t a m i n  in t h e  m e d i u m  
a n d  d u r a t i o n  of t r e a t m e n t .  Since, s u b j e c t i o n  to  even  low 
c o n c e n t r a t i o n s  for  o n l y  1 d a y  a f t e r  a m p u t a t i o n  p roduced  
v is ib le  r e t a r d a t i o n  a n d  in  h i g h  c o n c e n t r a t i o n s  even  such  
a s h o r t  t r e a t m e n t  comple t e ly  i n h i b i t e d  r e g e n e r a t i o n  of  a t  
l eas t  some  t i ssues  t h e  in f luence  of t h e  v i t a m i n  m u s t  h a v e  
o p e r a t e d  on  t h e  ea r ly  s tages  of r e g e n e r a t i v e  d e v e l o p m e n t  
inc lud ing  t h e  phases  of d e m o l i t i o n  a n d  ded i f f e ren t i a t ion .  
T h e  sugges t ion  t h a t  v i t a m i n  A p r o b a b l y  ac t s  b y  l i be ra t i ng  
ca theps in - l i ke  p ro teases  f rom in t r ace l lu l a r  lysosomes  ~,5 
m a y  be  r e l e v a n t  in e x p l a i n i n g  o u r  resu l t s  for  e n h a n c e d  
a c t i v a t i o n  of c a t h e p s i n s  is said  to  r e t a r d  or  i n h i b i t  re- 
g e n e r a t i o n  ~. An  adve r se  effect  on  cell d iv i s ion  2,3,7 ma3) 
h a v e  also b e e n  invo lved .  I t  mus t ,  however ,  be  n o t e d  t h a t  
in t h e  e x p e r i m e n t a l  a n i m a l s  r eg en e ra t i o n  was  n o t  mere ly  
r e t a r d e d  or  i n h i b i t e d  b u t  the re  was also a m a r k e d  c h a n g e  
in morphogenes i s  of t h e  ta i l - f in  wh ich  fo rmed  a pecu l ia r  
f in -pocke t  w i t h  a r e m a r k a b l y  h igh  f requency .  

I n  m a m m a l i a n  e m b r y o s  h y p e r v i t a m i n o s i s  A is r epo r t ed  
to cause  serious a l t e r a t i o n s  in  p re somi t i c  m e s o d e r m  lead-  
ing to  va r ious  somi t ic  m a l f o r m a t i o n s  4. P r e l i m i n a r y  h is to-  
logical  o b s e r v a t i o n s  m a d e  d u r i n g  t h e  p r e s e n t  s t u d y  also 
i nd i ca t e  p a r t i c u l a r l y  de fec t ive  nmsc le  r e g e n e r a t i o n  w i t h  
r ega rds  to  t h e  q u a n t i t y ,  d i s t r i b u t i o n  a n d  s e g m e n t a t i o n  of 
t h i s  t i ssue  in  ta i l  r eg en e ra t e s  of v i t a m i n  A t r e a t e d  t a d -  
poles.  P e r h a p s  some t i ssues  a re  a f fec ted  more  t h a n  o t h e r s  
b y  v i t a m i n  A. 

Zusammenlassung. Bei  Z u g a b e  v o n  V i t a m i n  A z n m  
Z u c h t w a s s e r  y o n  K r 6 t e n l a r v e n  wi rd  die Sch w an z reg en e -  
r a t i o n  u n t e r b u n d e n .  A u s s e r d e m  k o m m t  es zu m o r p h o t o -  
g i schen  VerAnderungen  (Taschenb i ldungen ) .  

I. A. NIAZI a n d  S. SAXENA 

Department o/Zoology, University o! 
Rajasthan, Jaipur (India), 
19 October 1967. 

F. E. LE.MANN, in Advances in Morphogenesis (Eds. M. ABER- 
CROMBIE and J. BRACItET; Academic Press, New York 1961), 
vol. 1, chapter 4. 

7 L. A. ALov, Biologie m6d. ,13, 206 (1957). 

R e p r o d u c t i o n  i n  U r o d e l e s  I I .  O b s e r v a t i o n s  o n  t h e  S p e r m a t h e c a  1 

P r e v i o u s  r epo r t s  o n  t h e  r e p r o d u c t i v e  h a b i t s  of t h e  
urodeles  h a v e  n o t e d  t h a t  t he  s p e r m  are  t r a n s f e r r e d  v ia  a 
s p e r m a t o p h o r e  a n d  are  t h e n  s to red  in a s p e r m a t h e c a  ~. 
O b s e r v a t i o n s  on  t h e  s p e r m a t o p h o r e  of Triturus viridescens 
show t h a t  t h e  spe rm are  in  a n  i n a c t i v e  s ta te ,  p r o b a b l y  in 
p r e p a r a t i o n  for  s to rage  3. T h e  s p e r m a t h e c a  of t he  female  
newt ,  Triturus, is seen to  c o n t a i n  s p e r m  a t  all t i m e s  of 
t h e  year ,  however ,  t he  g r e a t e s t  a c c u m u l a t i o n s  are  seen 
d u r i n g  t h e  sp r ing  in  t h e  t r u e  m a t i n g  season  a n d  in t h e  
a u t u m n  d u r i n g  t he  false b r e e d i n g  season  *,5. Fema l e s  
m a i n t a i n e d  in t he  l a b o r a t o r y  ove r  t h e  w i n t e r  w i t h  no  
c o n t a c t  w i t h  males  can  be  i nduced  to lay  v iab le  eggs b y  

p i t u i t a r y  or  chor ion ic  g o n a d o t r o p i n  in jec t ion .  E m b r y o s  
deve lop ing  f rom such  eggs g ive  a m p l e  ev idence  t h a t  t h e  
s to red  spe rm are  indeed  c a p a b l e  of fe r t i l iza t ion .  
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I t  is t h e  i n t e n t  of t h i s  r e p o r t  to  p r e s e n t  a n  o b s e r v a t i o n  
t h a t  m a y  shed  l i gh t  on  one  poss ib le  m e c h a n i s m  i n v o l v e d  
in  s p e r m  s torage .  

Methods. F e m a l e  n e w t s  were  ki l led b y  d e c a p i t a t i o n  
fol lowing a n e s t h e t i z a t i o n  w i t h  MS-222 (Sandoz)  a n d  t h e i r  
c loacal  reg ions  were  f ixed in e i t he r  10% n e u t r a l  bu f fe red  
fo rmal in  or B o u i n ' s  fluid.  These  t i ssues  were  processed  in 

t h e  usua l  m a n n e r  to  o b t a i n  pa ra f f i n  sec t ions  a n d  t h e  
sec t ions  were  s t a i n e d  w i t h  azu re  A (0 .1% in  30% e thano l )  
or  in  a F e u l g e n - N a p h t h o l  yel low sequence .  

Observations. I t  was  seen  t h a t  t h e  s p e r m  were  a c c u m u -  
l a t ed  in t h e  p r o x i m a l  ends  of t h e  s p e r m a t h e c a l  t u b u l e s  
a n d  were, for  t h e  m o s t  pa r t ,  h i g h l y  coiled. I n  o rder  to  
s t u d y  t h e  pos i t i on ing  of t h e  s p e r m  in  t h e  t u b u l e s  i t  was  
necessa ry  to  use a n i m a l s  wh ich  h a d  on ly  a smal l  a m o u n t  
of spe rm since i t  was  r a t h e r  d i f f icul t  to  t r ace  t h e  s p e r m  
f rom sec t ion  to  sec t ion  w h e n  t h e  c o n c e n t r a t i o n  was  h igh .  

W i t h i n  t h e  s p e r m a t h e c a l  t u b u l e s  t h e  s p e r m  h e a d s  
a p p e a r e d  to  be  in  c o n t a c t  w i t h  t h e  e p i t h e l i u m  (Figure)  
tubu les .  Th i s  c o n d i t i o n  was  seen  in  a n i m a l s  ki l led a t  all  
seasons  of t h e  year .  W i t h  t h e  l igh t  microscope,  t h e  c o n t a c t  
a p p e a r e d  to  be  in t h e  region of t h e  acrosome,  however ,  a 
de f in i t ive  s t a t e m e n t  on  t h e  s p e rm-ep i t h e l i a l  cell c o n t a c t  
m u s t  a w a i t  f u r t h e r  i n v e s t i g a t i o n  w i t h  t h e  e lec t ron  micro-  
scope. 

Discussion. A n  o b s e r v a t i o n  of t h e  t y p e  r e p o r t e d  is v e r y  
sugges t ive  of a n u t r i t i v e  or m a i n t a n a n c e  role on  t h e  p a r t  
of t h e  s p e r m a t h e c a l  ep i the l i um.  A l t h o u g h  t h e  s p e r m  
a p p e a r  i n h i b i t e d  in  t h e  s p e r m a t o p h o r e  i t  is d o u b t f u l  t h a t  
t h e  p o l y s acch a r i d e  m a t e r i a l  t h o u g h t  to  be  r e spons ib le  for  
t h i s  i n h i b i t i o n  could  keep  t h e m  in a n  i n a c t i v e  y e t  v i ab le  
c o n d i t i o n  for a pe r iod  of severa l  m o n t h s  ~. H i s t o c h e m i c a l  
s tud ies  o n  t h e  s p e r m a t h e c a  revea l  t h a t  none  of t h e  poly-  
sacchar ides  of t h e  s p e r m a t o p h o r e  persis t .  Therefore ,  i t  is 
n o t  u n r e a s o n a b l e  to  sugges t  t h a t  t h e  s p e r m  of t h e  u rode le  
are  m a i n t a i n e d  b y  t h e  t u b u l e  e p i t h e l i u m  in a r e l a t i o n s h i p  
s imi la r  to  t h a t  w h i c h  exis ts  b e t w e e n  t h e  Ser tol i  cells a n d  
s p e r m  of t h e  m a m m a l i a n  tes t is .  

Zusammen]assung. Die S p e r m a t h e c a  des  W e i b c h e n s  
zeigt  bei  d en  u n t e r s u c h t e n  Urode l en  eine inn ige  ]3eziehung 
zu d en  Spermien ,  so dass  e ine E r n / i h r u n g s f u n k t i o n  de r  
S p e r m a t h e c a  wahr sche in l i ch  g e m a c h t  w e r d e n  k a n n .  Es  
wi rd  auf  die Ser to l i -Zel len  der  M a m m a l i a  verwiesen.  
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Section through a spermathecal tubule containing several spermato- 
zoa. The arrow indicates the site of sperm-epithelial cell contact. 
× 500. D. G. BE~SON JR., Am. Zool. 4, 287 (1964). 

The Cytochemical Demonstration of Dehydrop, enases and Oxidases in the Cells of Fungi 

I n  h u m a n  p a t h o l o g y ,  m e t h o d s  for  t h e  i n t r ace l l u l a r  
d e t e c t i o n  of d e h y d r o g e n a s e s  a n d  ox idases  b y  m e a n s  of 
more  or  less specific s t a i n i n g  p rocedure s  h a v e  b e e n  
deve loped  a n d  successful ly  used in t he  s t u d y  of m a n y  
organs .  E x t e n d e d  i n v e s t i g a t i o n s  h a v e  s h o w n  t h a t  some  
of t h e s e  m e t h o d s  are  useful  for  t h e  d e m o n s t r a t i o n  of 
e n z y m e s  in t h e  fungi  Neurospora crassa, Oospora lactis 
a n d  Saccharomyees cerevisiae. 

(1) Dehydrogenases. D e h y d r o g e n a s e s  c a n  be  d e m o n -  
s t r a t e d  w i t h  t e t r a z o l i u m  sa l t s  as i n d i c a t o r s  t h a t  a re  
r educed  to  more  or  less insoluble ,  i n t e n s i v e l y  coloured  
f o r m a z a n  g r a n u l a  1. O u t  of a g r ea t  n u m b e r  of a v a i l a b l e  
t e t r a z o l i u m  salts,  whose  usefulness  for  fungi  h a s  b e e n  
s tud ied ,  N i t r o - B T  p r o v e d  to  b e  t h e  b e s t  i nd ica to r2 :  a f t e r  

a n  i n c u b a t i o n  per iod  of 30 min,  o p t i m a l  for n e a r l y  all  
i n v e s t i g a t e d  enzymes ,  t h e  cells c o n t a i n e d  b l u e - b l a c k  fo rm-  
a z a n  depos i t s  t h a t  were  equa l ly  d i s t r i b u t e d  in t h e  n e a r l y  
colourless  cy top l a sm.  MTT,  f r e q u e n t l y  used in med ica l  
h i s t o c h e m i s t r y ,  was  u n s u i t a b l e  for  t h e  d e t e c t i o n  of severa l  
d e h y d r o g e n a s e s  because  t h e  so lu t ion  of CoCI~, necessa ry  
for  t h e  s t a b i l i z a t i o n  of t h e  fo rmazan ,  p r o v e d  to  be  tox ic  
for  m a n y  funga l  enzymes .  

1 j .  REiss, Z. wiss. Mikrosk. 68, 169 (1967). 
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