
15. VI. 1963 Brevi comunicazioni - Brief Reports 317 

large t u m o u r  nodes  occur red  which ,  accord ing  to t h e i r  
h is to logical  s t ruc tu re ,  m a y  be d iv ided  in to  h e p a t o m a s  an d  
cho lang iomas ,  In  t he  t u r n o u t s  w i t h  c h o l a n g i o m a  s t ruc tu re ,  
a pos i t ive  r eac t i on  for succinic  d e h y d r o g e n a s e  ac t i v i t y  is 
obse rved  in a c c o r d a n c e  w i t h  t he  resu l t s  of PEARSON et  al., 
o b t a i n e d  b y  a d i f fe ren t  m e t h o d  3. F o r m a z a n  c rys ta l s  are 
de t ec t ed  in t h e  o u t g r o w n  ducts ,  succinic  d e h y d r o g e n a s e  
a c t i v i t y  be ing  increased  w i t h  t h e  n u m b e r  of layers  of the  
e p i t h e l i u m  of t h e i r  walls  as well  as w i t h  increas ing  of 
cel lular  cy top l a sm.  In  t h e  large cys t ic  fo rmat ions ,  no posi- 
t i ve  r eac t i on  is obse rved  (Figure  3) w i t h  t he  excep t ion  of 
some ra re  cases, w h e n  the  e p i t h e l i u m  s t a r t s  g rowing  an d  
d e s t r o y i n g  t he  s t r u c t u r e  of t he  cys t s  a n d  t he  a d j a c e n t  
t issues.  Di f fer ing  f rom cho lang iomas ,  solid t u m o u r s  of t h e  
h e p a t o m a  t y p e  show a nega t i ve  succinic  d e h y d r o g e n a s e  
r eac t i on  (Figure  4). I n  single cases (3 an imals ) ,  we ob-  

se rved  solid t u m o u r s  w i th  nuc l ea r  h is togenesis ,  wh ich  
showed  a pos i t ive  succinic  d e h y d r o g e n a s e  r e a c t i o n - - l e s s  
i n t ens ive  t h a n  t h a t  of n o r m a l  l iver  p a r e n c h y m a .  P r o b a b l y  
these  t u r n o u t s  r e p r e s e n t  a t r a n s i t i o n  to  a h ep a t o ca r c i -  
noma ,  wh ich  l a t e r  on  m a y  d i sp lay  a n e g a t i v e  succinic  de-  
h y d r o g e n a s e  r eac t ion .  T h e  poss ib i l i ty  exis ts  too  t h a t  these  
t u m o u r s  are  c h o l a n g i o c a r c i n o m a s  in a s tage  of dedi f fe ren-  
t i a t i on  a n d  para l le l  loss of succinic  d e h y d r o g e n a s e  ac t iv i ty .  

T h e  resu l t s  of our  e x p e r i m e n t s  show t h a t ,  in the  course  
of azo-dye  i n d u ced  r a t  l iver  cancerogenesis ,  t he  succinic  
d e h y d r o g e n a s e  a c t i v i t y  in  p a r e n c h y m a  a n d  bile d u c t  cells 
follow a def in i te  p a t t e r n .  I n  t y p i ca l  h e p a t o m a ,  t h e  ac t i -  
v i t y  is m a r k e d l y  lower  t h a n  in n o r m a l  p a r e n c h y m a  cells 
an d  in h y p e r p l a s t i c  p a r e n c h y m a  cell nodules .  T h e  nega-  
t ive  r eac t ion  in n o r m a l  bi le  d u c t  cells becomes  pos i t ive  in 
cholangiof ibros is  a n d  c h o l a n g i o m a s  w i t h  a possible  subse-  
q u e n t  decrease  in more  d e d i f f e r e n t i a t e d  cholangiocarc i -  
nomas.  

The  ' t issue d i lu t ion  a r t e f a c t '  as c o m m e n t e d  on  b y  
JONES et  al. s shou ld  be  t a k e n  in to  a c c o u n t  in  t h e  eva lu-  
a t ion  of b iochemica l ly  o b t a i n e d  d a t a ,  b u t  our  h i s tochemi -  
cal resul ts  conf i rm t h e  b i o c h e m i c a l l y  o b t a i n e d  resul ts ,  
showing q u a n t i t a t i v e  ch an g es  in l iver  succinic  d e h y d r o -  
genase ac t iv i ty  in azo-dye  cancerogenes i s .  

Rdsumd. L ' a u t e u r  a 6 tudi6  h i s t o c h i m i q u e m e n t  l ' ac t iv i t6  
de la succine d~hydrog~nase  lors de  la canc~rog6nSse ex-  
p6 r imen ta l e  du foie des r a t s  i n d u i t e  p a r  le 3 ' -m6thy l -4 -  
d i m6 t h y l ami n o azo b en z~n e .  On  a obse rv6  une  a u g m e n t a -  
t ion  de l ' ac t iv i t6  e n z y m a t i q u e  d a n s  les s t ades  pr6canc6-  
r eux  (cholangiof ibrose e t  h y p e r t r o p h i e  p a r e n c h y m a t e u s e )  
suivie  d ' u n e  d i m i n u t i o n  e t  d i s p a r i t i o n  de ce t t e  ac t iv i t6  
d a n s  los t u m e u r s  d6velopp6s.  
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Fig. 4. Solid t umour  node of the h e p a t o m a  type,  no succinic de- 
hydrogenase  ac t iv i ty .  Posi t ive  reac t ion  in the ad jacent  l iver  paren- 

chyma,  x 100. 
s G. R. N. JONES, L. BITENSKV, J.  CHA','EN, atld G. F. CUNNINGHAM, 

Nature  191, 1203 (1961). 

Progressive Localization of Neutral-Red Positive 
Region with Morphogenesis in Limnaea  

The  classical  m e t h o d  of v i t a l  s t a i n i n g  in e x p e r i m e n t a l  
e m b r y o l o g y  was  g iven  a s h a r p  i m p e t u s  b y  REVERBERI e t  
al. REVERBERI 1 had ,  for example ,  po in t ed  ou t  a f ru i t fu l  
m e t h o d  of d e t e c t i n g  t he  loca l iza t ion  of m i t o c h o n d r i a  in 
Asc id ian  eggs b y  m e a n s  of v i t a l  s t a in ing  w i th  J a n u s  green.  
This  a n d  m a n y  o t h e r  a t t e m p t s  to  follow the  r e o r i e n t a t i o n  
a n d  r e d i s t r i b u t i o n  of t ang ib l e  subs t ances ,  wh ich  go h a n d  
in h a n d  w i th  chemod i f f e r en t i a t i on ,  h a v e  been  ab ly  
s u m m e d  up  b y  REVERBERI 2 I t  is obv ious  t h a t  t h e  chang-  
ing p a t t e r n  of loca l iza t ion  of m i t o c h o n d r i a  (which  houses  
the  m a n y  i m p o r t a n t  enzymes)  a n d  o t h e r  subs t ances ,  fol- 
lowing fer t i l iza t ion ,  closely ref lects  t he  c h a n g i n g  sub-  
s t r a t u m  wh ich  c u l m i n a t e s  in to  chemod i f f e r en t i a t i on .  

W e  h a v e  the re fo re  followed th i s  m e t h o d ,  wh ich  REVER- 
BERI e t  al. h a v e  so f ru i t fu l ly  e m p l o y e d  in t he  case of 
m a r i n e  mol luscs  a n d  ascidia ,  in  ou r  work  on  f resh w a t e r  
mol lusca ,  s t a i ned  w i t h  J a n u s  green  a n d  t he  s u p r a  v i t a l  
s ta in ,  n e u t r a l  red. As n e u t r a l  red  in v e r y  d i lu te  so lu t ion  
has  abso lu t e ly  no  tox ic  effect  on  Limnaea e m b r y o s  (in 

fact,  t hey  can  be k e p t  in n e u t r a l  red  for 48 h a n d  st i l l  
h a t c h  ou t  in to  l iving snails) ,  i t  is a p a r t i c u l a r l y  c o n v e n i e n t  
a g e n t  for th i s  sor t  of work.  T h e  Limnaea e m b r y o s  are,  
however ,  far  f rom be ing  ideal  m a t e r i a l  for s tudy ,  n ame ly ,  
glass-clear  e m b r y o s  w i th  l i t t le  or  no  co lour ing  m a t t e r .  
Actual ly ,  t he  f resh w a t e r  molluscs,  i nc lud ing  Limnaea, 
h a v e  a r e g i m e n t  of n a t u r a l  co lour ing  subs t ances ,  as COM- 
FORT z has  po in t ed  out ,  some U-V f luoresc ing  c o m p o n e n t s  
of which  are  m a n u f a c t u r e d ,  as we h a v e  found  4, before  
ha t ch ing .  Never the less ,  t h e  vis ible  n a t u r a l  co lour  in the  
e m b r y o s  is no t  too in t ense  to  m a s k  the  b r i l l i a n t  hue  due  
to  n e u t r a l  red. T h u s  a w o r t h w h i l e  s t u d y  can  be  ca r r ied  
o u t  un t i l  j u s t  a f t e r  h a t c h i n g ,  w h e n  t h e  o u t e r  shel l  beg ins  
to  th icken .  

1 G. REVERBERI, F.xper. 12, 55 (1956). 
G. REVERB~m, in Advances in Morphogenesis (Acadenfic Press 
1961). 

3 A. COMFORT, Biol. P, ev. 26, 285 (1951). 
4 R. L. BRAIIMACIfARY and A. BIIATTACHARYA, unpub l i shed  da ta .  
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O b s e r v a t i o n s  were  ca r r ied  o u t  b y  p u t t i n g  t h e  e m b r y o s  
w i t h  a few drops  of w a t e r  on  g roove  slides. T he  genera l  
c o n t o u r  was c lear ly  vis ible  w i t h  a m a g n i f i c a t i o n  of 60 > .  
Af te r  this ,  more  de ta i l ed  o b s e r v a t i o n s  could  be  ca r r ied  
o u t  u n d e r  a m a g n i f i c a t i o n  of 2 4 0 × .  T h e  e m b r y o s  con-  
s t a n t l y  m o v e  a b o u t  g iv ing  one t he  impress ion  t h a t  ' t h e y  
are s w i m m i n g  a b o u t  w i t h i n  t h e i r  own  eggs' .  Th i s  m a k e s  i t  
d i f f icul t  to  get  p h o t o g r a p h s  or  even  to  d r a w  p ic tures ,  b u t  
i t  also gives us  t h e  o p p o r t u n i t y  of obse rv ing  i t  f r om d i g  
f e r en t  sides a n d  angles.  

A series of such  o b s e r v a t i o n s  r evea l  a r e m a r k a b l e  t r end .  
of loca l iza t ion  of t h e  n e u t r a l  red  in course  of m o r p h o -  
genesis.  A b o u t  e igh t  days  before  h a t c h i n g ,  a l m o s t  t he  
whole  e m b r y o  is i n t e n s e l y  red. A t  a b o u t  t h e  t i m e  of 
h a t c h i n g ,  in  snai ls  w h i c h  h a d  b e e n  s t a i n e d  144 h earl ier ,  
t h e  co lour  was  16calized a t  t h e  s i te  of l iver,  d iges t ive  t u b e  
etc.  I t  seems t h e  co loured  reg ion  lies in  t h e  pos t e r io r  1 /3rd 
or  1 /4 th  p a r t  of t h e  b o d y  (see Figure) .  However ,  in  t h i s  
region,  clear,  fa in t ,  p i n k  p a t c h e s  of p r e s u m a b l y  n a t u r a l  
co lour  were  also seen w h e n  e m b r y o s  before  t he  h a t c h i n g  
s tage  were  s t a i ned  w i t h  J a n u s  green  alone.  30 h a f t e r  
h a t c h i n g ,  t he  b a t c h  t r e a t e d  w i t h  n e u t r a l  red  alone,  also 
showed  two b l ack i sh  band - l i ke  regions  in  t he  r ed  pos ter ior .  
Never the les s ,  t h e  m i s i n t e r p r e t a t i o n  due  to  these  in te r -  
Ierences  c a n n o t  be  v e r y  grea t ,  because  t he  s t a i n  due  to  
n e u t r a l  r ed  is v e r y  b r igh t .  

~ Shell ~ d  Red (~ 12 
Houfh Region 

I n  o rde r  to  be  sure  a b o u t  th i s  progress ive  local iza t ion,  
n e a r - h a t c h i n g  e m b r y o s  were  k e p t  o v e r n i g h t  in  n e u t r a l  
red.  I n  sp i te  of th is ,  on ly  t h e  pos t e r io r  ( a b o u t  1/3rd p a r t  
of t h e  body)  reg ion  was  co loured  i n t e n s e l y  red.  Again ,  a 
y o u n g  e m b r y o  a t  t h e  s tage  of ' e igh t  d a y s  before  h a t c h i n g '  
was  k e p t  o v e r n i g h t  in  n e u t r a l  r ed  (see Figure) .  T h e  whole  
b o d y  b e c a m e  red  or  p i n k  b u t  t he  m o s t  i n t ens e  p a r t s  are  
shaded .  As t h e  reg ion  2 c o n t a i n s  t h e  b u l k  of t he  body ,  
t h i s  m a y  well  be  i n t e n s e l y  r ed  b u t  1 ( the  pos t e r io r  t ip)  is 
more  in t ense  t h a n  t he  n e i g h b o u r i n g  region.  Two d a y s  
later ,  t h e  co loured  reg ion  was seen to  h a v e  c o n t r a c t e d .  I t  
now  s p a n n e d  t h e  reg ion  f rom t h e  pos te r io r  u p  to  a l m o s t  
t he  b o r d e r  of t h e  eye. N e a r  t h i s  b o r d e r  region,  t h e r e  were 
some p o i n t s  of c o n c e n t r a t i o n ,  b u t  t h e y  were  m u c h  less in- 
t ense  t h a n  t h e  pos t e r io r  region.  T h e  t o t a l  co loured  reg ion  
was less t h a n  in t he  n e a r - h a t c h i n g  e m b r y o s  m e n t i o n e d  
above .  F o u r  days  before  h a t c h i n g ,  t h e  co lour  r eceded  to  
t h e  pos te r io r  reg ion  only.  A t  t h i s  s tage,  i t  was  aga in  k e p t  
in  n e u t r a l  red  o v e r n i g h t ,  t i l l  i t  b e c a m e  u n i f o r m l y  coloured.  
A few h o u r s  la ter ,  on  t h e  t h i r d  d a y  before  h a t c h i n g ,  t h e  

co lour  was  seen  to  h a v e  b e e n  s h a r p l y  local ized in  t he  
pos t e r io r  ha l f  (see Figure) .  I n  t he  n e x t  two  days  t he re  was 
progress ive  loca l iza t ion  t i l l  t h e  sna i l  h a t c h e d .  (The d i s to r -  
t i on  a n d  r e a r r a n g e m e n t  in  t h e  s t a i n i n g  p a t t e r n  due  to  
cen t r i fug ing  ha s  been  s t ud i ed  b u t  t he  d a t a  are  as ye t  too 
scan ty . )  

W e  t h u s  de t ec t  a progress ive  d i f f e r en t i a t i on  in t he  fo rm 
of a progress ive  loss of ' n e u t r a l - r e d  pos i t i ve '  r eac t ion  of 
reg ions  o t h e r  t h a n  t h e  l iver,  d iges t ive  t u b e  etc.  T h e  bes t -  
k n o w n  d i f f e r en t i a t i on  of t h i s  t y p e  is EBERT'S 5 f ind ing  
t h a t  in  ch ick  e m b r y o s  the  c a p a c i t y  of s y n t h e s i z i n g  m y o s i n  
is p rogress ive ly  r e s t r i c t ed  to t h e  ca rd iac  region alone.  

Now, t h e r e  are  i nd i ca t i ons  t h a t  n e u t r a l  r ed  m a y  s t a i n  
ac id  a n d  a lka l ine  p h o s p h a t a s e  ~, a n d  lysosomes,  presu-  
m a b l y  because  t h e y  are  r ich  in  t h e  a b o v e  subs t ances .  
MINGANTI 7 h a d  s h o w n  severa l  years  ago t h a t  p h o s p h a t a s e  
in  L i m n a e a  is syn thes i zed  on ly  a f t e r  t h e  t r o c h o p h o r e  
s tage.  I t  is poss ible  t h a t  l a t e r  on  a progress ive  r e s t r i c t ion  
se ts  in.  

F u r t h e r ,  EVOLA-~[ALTESE s d e t e c t e d  a s t e a d y  r ise in  
a n d  a c e r t a i n  degree  of loca l iza t ion  of a lka l ine  p h o s p h a -  
t a s e  in  sea  u r c h i n  e m b r y o s  a n d  MINGANTI 7 d e t e c t e d  a 
s imi la r  rise in  L i m n a e a  embryos ,  sugges t ing  a ' f u n c t i o n a l  
d i f f e r en t i a t i on  of t h e  d iges t ive  t r a c t ' .  Howeve r ,  ou r  re- 
su i t s  i nd i ca t e  t h a t  in  Limnaea ,  a f t e r  a c e r t a i n  s tage ,  t h e  
progress ive  loss of n e u t r a l - r e d  pos i t i ve  r eac t i on  is more  
s t r i k ing  t h a n  t h e  ' f unc t i ona l  d i f f e ren t i a t ion ' .  

Ou r  work  will c o n t i n u e  w i t h  G o m o r i  s t a i n  a n d  cen t r i -  
fug ing  e x p e r i m e n t s ,  as soon  as a new  b a t c h  of m a t e r i a l  is 
ava i l ab l e  '% 

Rdsumd. Les e m b r y o n s  de L i m n a e a  o n t  6t6 co lor , s  au  
n e u t r a l  rouge  s u i v a n t  la  m 6 t h o d e  de J a n u s  Ver te ,  s ignaMe 
p a r  ~:{EVERBERI p o u r  les mi tochondr i e s .  A u n  j e u n e  s t a d e  
(Veliger),  l ' e m b r y o n  e n t i e r  es t  t a c h 6  p a r  n e u t r a l  rouge  
avec  u n e  co lo ra t ion  i n t ense  du  c o n d u i t  a l i m e n t a i r e ;  k u n  
s t a d e  p lus  avanc6 ,  la t a c h e  se localise d a n s  la  p a r t i e  
pos t6 r ieure  et ,  an  s t ade  de l ' ec los ion ~ peu  pros, seuls 
l ' e s t o m a c  e t  la r~gion h 6 p a t i q u e  p r ~ s e n t e n t  la t ache .  
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s j .  D. ]~BERT, in The Cell, vol. 1 (Academic Press, 1959). 
A. B. NOVlKOFF, in The Cell, vol. 2 (Academic Press, 1961). 

7 A. MINGASTI, Riv. Biol. 4 °, 295 (1950). 
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Note added in proo]: In subsequent observations, in a few cases, 
some stain was found in the frontal (foot) region. But the pao- 
gressive loss of stain in the anterior region of the alimentary 
system was confirmed in all cases. 

Relation Between Blockade of Ha-Noradrenaline 
Uptake and Pharmacological  Actions Produced 

by Phenothiazine Derivatives 

I t  h a s  been  shown  t h a t  c h l o r p r o m a z i n e  decreases  u p t a k e  
of H3-noradrena l ine  b y  t h e  h e a r t ,  sp leen a n d  a d r e n a l  
g lands  w h e n  g iven  before  t h e  labe l led  c o m p o u n d .  Chlor-  
p r o m a z i n e  does n o t  cause  release of HS-norad rena l ine  
b o u n d  in these  t i ssues  1,~. T he  p h e n o t h i a z i n e  d e r i v a t i v e  
c h l o r p r o m a z i n e  h a s  a v a r i e t y  of pha r m aco l og i ca l  ac t ions ,  

i nc lud ing  a n t i h i s t a m i n i c ,  ad r eno ly t i c  a n d  s eda t i ve  effects.  
T h e  p r e s e n t  s t u d y  was ca r r ied  o u t  to  see w h e t h e r  a n y  of 
these  ac t ions  m i g h t  be  r e l a t e d  to  t h e  ab i l i t y  of p h e n o -  
t h i a z i n e s  to  a f fec t  t he  u p t a k e  of Ha-norad rena l ine .  F o u r  
p h e n o t h i a z i n e  de r iva t ives ,  each  of w h i c h  lacked  c e r t a i n  
ac t ions  were t e s t e d  for  t h e i r  ab i l i t y  to  b lock  u p t a k e  of 
HS-norad rena l ine  i n to  r a t  hea r t s .  

1 G. I-IERTTING, J. AXELROD, and L. G. WHITBY, J. Pharmacol.  exp. 
Therap. 134, 146 (1961). 

2 j .  AXELROD, G. HERTTING, and L. POTTER, Nature 194, 297 (196B). 


