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Effect of the excision of leaf tissues on the measurement of their 
water potential with thernloeouple psychrometer 4-24 h after putting 

leaf material in constant temperature water bath. 

were m a d e  t h r o u g h o u t  t he  per iod  of equ i l i b ra t ion  an d  are 
p r e s e n t e d  in the  Figure.  

The  resu l t s  show t h a t ,  in  b o t h  t he  species, compara -  
t i v e l y  m u c h  h ighe r  w a t e r  p o t e n t i a l  was recorded  in t h e  
case of cu t - leaf  ma te r i a l  t h a n  the  u n c u t  m a t e r i a l  and  t h a t  
the  l ea f -wate r  p o t e n t i a l  of t h e  two species, a l t h o u g h  
growing  u n d e r  s imi lar  mo i s tu re  condi t ions ,  were d i f fe rent  
f rom each  other .  These  obse rved  h igher  w a t e r  p o t e n t i a l  
va lues  of the  cut - leaf  t issue were in c o n t r a s t  to  t he  ex- 
pec t ed  decrease  since:  (1) The  excision of t he  leaf t i ssue  
resu l t s  in  the  pa r t i a l  d e s t r u c t i o n  of t he  cell t u r g o r  pres-  
sure. F o r  w a t e r  p o t e n t i a l  -- osmot ic  p o t e n t i a l  + t u r g o t  
p ressure  (where osmot ic  p o t e n t i a l  is nega t ive  and  t u r g o r  
pressure  posi t ive) ,  t he  decrease  in t u r g o r  pressure  should  
obv ious ly  resu l t  in  lower w a t e r  p o t e n t i a l  of t he  excised 
leaf  t issue. (2) The  excision of t he  leaf m a t e r i a l  increases  
i t s  r a t e  of resp i ra t ion .  Inc rease  in r a t e  of r e sp i r a t ion  in  
t u r n  should  also deploy  some e x t r a  ene rgy  f rom th i s  leaf 
t issue,  c o n s e q u e n t l y  f u r t h e r  lowering its w a t e r  po ten t i a l .  

A l t h o u g h  m u c h  f u r t h e r  work  is needed  to exp la in  these  
f indings,  i t  m a y  be m e n t i o n e d  t h a t  the  resu l t s  a s sume  
special  s ignif icance w h e n  us ing  the  t h e r m o c o u p l e  psychro-  
met r ic  t e c h n i q u e  for  m e a s u r i n g  the  w a t e r  p o t e n t i a l s  of 
leaf t issues.  

Rdsumd. Le p o t e n t i e l  d 'eau ,  mesur6  dans  u n  psychro-  
m~t re  5. t he rmocoup le ,  se r6v~le 6tre plus  h a u t  d a n s  les 
feuilles coup6es que dans  les feuilles in tac tes .  
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Carcinogenesis and Regeneration in Newts 

The  concep t  of a def in i te  r e l a t ionsh ip  be tween  neo- 
p las t ic  g rowth  and  o rgan ized  deve lopmen t ,  as env i saged  
b y  WADDINGTON 1 and  b y  NEEDHAM ~, has  led severa l  
i nves t iga to r s  to  app ly ing  these  ideas  to  t he  p r o b l e m  of 
r egene ra t i on  in a m p h i b i a n s .  Espec ia l ly  successful  were 
t he  r ecen t  s tud ies  of SEILERN-ASPANG and  KRATOCH- 
WILL 3, who h a v e  shown  t h a t  chemica l ly  i nduced  epi- 
t he l i omas  of ten  show regress ion and  d i f f e r en t i a t i on  in to  
n o n - m a l i g n a n t  t i ssues  w h e n  a r egene ra t i on  process  is 
i n i t i a t ed  in the  o rgan i sm b y  a m p u t a t i n g  a l imb  or tail .  
The  p h e n o m e n o n  seems to  ind ica te  t h a t  in  per iods  of 
i n t ens ive  seconda ry  d e v e l o p m e n t ,  i.e. r egenera t ion ,  the  
o rgan i sm has  an  increased  capac i t y  to  c o n v e y  d e v e l o p -  

m e n t a l  i n f o r m a t i o n  to  i ts  u n d i f f e r e n t i a t e d  ceils, conve r t -  
ing those  w i t h  m a l i g n a n t  t e n d e n c y  to n o r m a l  t issues.  

We  are in  a pos i t ion  to c o n t r i b u t e  d a t a  to  th i s  concept .  
E x p e r i m e n t s  m a d e  a t  F o r d h a m  U n i v e r s i t y  to  t e s t  t he  
effect  of carc inogenic  h y d r o c a r b o n s  (1, 2, 5, 6-dibenz-  
a n t h r a c e n e  a n d  3 - m e t h y l c h o l a n t h r e n e )  on ta i l  regenera-  
t i on  in t h e  n e w t  Triturus (Diemictylus) viridescens fai led 
to p roduce  typ ica l  t umour s ,  e i the r  ep i the l i omas  or  sar-  

1 C. H. WADDINGTON, Nature 135, 606 (1935), 
2 j .  NEEDHAM, Proc. R. Soc. London B29, 1577 (1936). 
8 F. SEILERN-ASPANG and K. KRATOCrtWlLL, J. Embryol. exper. 

Morph. 10, 336 (1962); Wien. klin. Wschr. 75, 337 (1963). - S. M. 
Rose and H. M. WALLINGFORD, Science 107, 457 (1948). 
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comas,  in  a g rea t  n u m b e r  of specimens ,  t he  ta i l  of w h i c h  
was p a r t l y  r e m o v e d  a week before  the  a d m i n i s t r a t i o n  of 
t he  carcinogens.  There  were occas ional  t e m p o r a r y  th ick -  
en ings  of t he  ep idermis  a t  t he  site, where  t he  ca rc inogens  
were in jec ted  b u t  t h e y  did  no t  pe rs i s t  or grow. Such  local  
p ro l i fe ra t ions  of t he  ep ide rmis  w i t h o u t  sp read ing  c a n n o t  
be  cons idered  as a sure sign of i nc ip i en t  carc inogenes is  in  
n e w t s  since th i s  t i ssue  is k n o w n  to show excessive g r o w t h  
w h e n  a n d  where  i t  is in jured .  This ,  in  fact ,  p l ays  a role  
in  r egene ra t i on  processes  a n d  in t issue t r a n s p l a n t a t i o n .  
W e  h a v e  n e v e r  obse rved  t he  cha rac t e r i s t i c  cell prol i fera-  
t i on  in t he  ep ide rma l  mucus  glands,  descr ibed  b y  SEI- 
LI~RN-AsPANG a n d  K R A T O C H W I L L  a s  a s ign of i nvas ive  
neop las t i c  g rowth .  Our  nega t i ve  resu l t s  were  d i sappo in t -  
ing a t  t he  t ime  since b y  t h e n  severa l  i nves t i ga to r s  h a v e  
r epo r t ed  successful  carc inogenes is  w i t h  t he  same  chemi-  
cals, w h i c h  we h a v e  e m p l o y e d  ~. B u t  in  t h e  l i gh t  of t he  
f ind ings  of the  A u s t r i a n  inves t iga to r s  the  nega t i ve  resu l t s  
become  u n d e r s t a n d a b l e ,  especial ly  because  in our  exper i -  
m e n t s  t he  c rys ta l s  of the  ca rc inogens  were a d m i n i s t e r e d  
in oil depos i t s  in  the  v i c in i ty  of the  a m p u t a t i o n .  I t  seems 
t h a t  b y  el ici t ing a r e g e n e r a t i o n  process  p r io r  to  t h e  ad-  
m i n i s t r a t i o n  of the  ca rc inogens  we h a v e  successful ly  pre-  
v e n t e d  carc inogenesis  in  t he  e x p e r i m e n t a l  an imals .  

However ,  i t  would be  e r roneous  to a s sume  t h a t  t he  
cel lular  mate r ia l ,  wh ich  t he  ca rc inogens  p r e s u m a b l y  
s t i m u l a t e d  to  ac t ive  growth ,  c o n t r i b u t e d  in  a c o n s t r u c t i v e  
m a n n e r  to  t he  process  of r egenera t ion .  I t  is a t e m p t i n g  
idea  t h a t  p o t e n t i a l l y  neop las t i c  mate r ia l ,  w h e n  c o n v e r t e d  
to  n o r m a l l y  d i f f e ren t i a t ing  t issue,  m i g h t  b e c o m e  incor-  
p o r a t e d  - because  of t he  v i c i n i t y  - in to  a r egene ra t i on  
b l a s t e m a  and  e n h a n c e  the  process  of r egenera t ion .  B u t  
t he re  is no  ev idence  for such  a process.  On t he  con t r a ry ,  
the  presence  of carc inogenic  s u b s t a n c e s  in  t he  o rgan i sm 
def in i te ly  r e t a rd s  the  process  of r egenera t ion .  Compar ing  
t he  g r o w t h  of the  r egene ra t e s  in  ca r c inogen - t r ea t ed  speci- 
mens  (1 m g  m e t h y l c h o l a n t h r e n e  or  d i b e n z a n t h r a c e n e  in 
1 ml  corn  oil) w i t h  cont ro ls  ( in jec ted  w i t h  1 ml  corn  oil or 
glycerin)  we h a v e  obse rved  a m a r k e d  i n h i b i t i o n  of re- 
genera t ion .  The  l e n g t h  of t he  r egene ra t e s  was  m e a s u r e d  
a t  weekly  in t e rva l s  for 18 weeks a n d  i t  was found  t h a t  
t he  g r o w t h  r a t e  of the  ca r c i nogen - t r ea t ed  spec imens  is 
less t h a n  ha l f  of t he  con t ro l  ra te ,  whi le  t he  m e t h y l c h o l a n -  
t h r e n e  a n d  d i b e n z a n t h r a c e n e  series h a r d l y  differ  f rom 
each  o t h e r  (Figure) .  

I t  t h u s  seems e v i d e n t  t h a t  r e g e n e r a t i o n  a n d  carc ino-  
genesis  are an t agon i s t i c  processes  in  t he  newts .  Regenera -  
t ion  i n h i b i t s  to  a g ra t i fy ing  degree m a l i g n a n t  g r o w t h  b u t  
t he  oppos i te  is also t r ue  : t h e  presence  of carc inogenic  t en -  
dencies  in  the  o rgan i sm d u r i n g  r egene ra t i on  r e t a r d s  con-  
s i de r ab ly  t he  r e c o n s t r u c t i o n  of a n  organ lost  t h r o u g h  
a m p u t a t i o n .  S imi la r  conclus ions  were r epo r t ed  a l r eady  in 
t he  l i t e r a t u r e  5 b u t  o t h e r  i nves t iga to r s  r epo r t ed  a n  ad ju -  
v a n t  effect  of ca rc inogens  on  r e g e n e r a t i o n  ~ a n d  t h e  con-  
t r o v e r s y  r e m a i n e d  unreso lved .  W e  bel ieve  t h a t  ou r  re-  
suits ,  b o t h  in t h e i r  nega t ive  aspec t  (no carc inogenesis  b y  
h y d r o c a r b o n s  in r egene ra t i ng  newts)  a n d  on  t h e i r  pos i t ive  
side ( reduced r egene ra t i on  in  ca rc inogen - t r ea t ed  speci- 
mens)  s t rong ly  s u p p o r t  t h e  v iew t h a t  carc inogenes is  a n d  
r e g e n e r a t i o n  are, in  spi te  of t h e i r  superf ic ia l  s imi l a r i t y  
(bo th  r e p r e s e n t  a r ap id  g r o w t h  of ded i f f e ren t i a t ed  cells in  
a n  a d u l t  o rgan i sm)  a n t a g o n i s t i c  r a t h e r  t h a n  synerg i s t i c  
processes.  

The  nega t i ve  in te r fe rence  of ca rc inogens  w i t h  regenera-  
t ion  poses some f u r t h e r  p roblems .  I t  seems to c o n t r a d i c t  
e x p e r i m e n t a l  evidence,  wh ich  shows t h a t  a r e g e n e r a t i o n  
b l a s t e m a  r e m o v e d  I rom a n  organ s t u m p  a n d  t r a n s -  
p l a n t e d  to  the  f l ank  of the  b o d y  s t imu la t e s  a second re- 
g e n e r a t i o n  of t he  o r g a n L  I t  seems t h a t  in  these  cases a n  
a d d i t i o n a l  s u p p l y  of ded i f f e r en t i a t ed  cells was p r e sen t  in 
t he  body,  possess ing t he  same m o r p h o g e n e t i c  t e n d e n c y  
as t h e  r e g e n e r a t i o n  b l a s t ema .  These  cells, in some un -  
k n o w n  m a n n e r ,  increased  t he  r a t e  of r egenera t ion .  On t he  
o t h e r  h a n d ,  w h e n  neoplas t ic  t i ssue  - or i ts  p recursor  - is 
p r e s e n t  in  t he  b o d y  du r ing  r egene ra t i on  th i s  a d d i t i o n a l  
' e m b r y o n i c '  m a t e r i a l  has  o t h e r  morphogene t i c  t endenc i e s  
t h a n  the  r e g e n e r a t i o n  b l a s t e m a  a n d  the  two sy s t ems  
m u t u a l l y  w e a k e n  r a t h e r  t h a n  re inforce  each  other .  I t  will  
be  a cha l l eng ing  t a s k  to c lar i fy  the  molecular -b io logica l  
m e c h a n i s m  of these  in te rac t ions .  

Zusammen]assung. Bei  U n t e r s u c h u n g e n  a n  Molchen  
Triturus (Diemictylus) viridescens t iber  Carc inogenese  u n d  
R e g e n e r a t i o n  e rg ib t  sich, dass  w g h r e n d  Schwanzregene -  
r a t i o n  die m i t  D i b e n z a n t h r a c e n  oder  M e t h y l c h o l a n t h r e n  
b e h a n d e l t e n  Tiere im U n t e r s c h i e d  zu n i c h t  r egener ie ren-  
den  ke ine  Geschwul s tb i l dung  zeigen. Andere r se i t s  h e m -  
m e n  abe r  ca rc inogene  Stoffe den  Regene ra t i onsp rozes s  
b e d e u t e n d .  Carc inogenese  u n d  R e g e n e r a t i o n  s ind also 
v e r w a n d t e ,  a b e r  a n t a g o n i s t i s c h e  Prozesse.  
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Growth of tail regenerates of Triturus (Diemictylus) viridescens, with 
and without carcinogen treatment. Abscissa, time in weeks; ordinate, 
length of regenerates in millimetres. Squares and full line, controls; 
empty circles and broken line, newts treated with dibenzanthracene; 
full circles and dotted line, newts treated with methylcholanthrene. 
Treatment was one week after tail amputation (controls injected 
with 1 ml corn oil or glycerin, experimental animals with 1 mg 
carcinogen in 1 ml corn oil). Each point in the graph is based on 10 

data, which showed less than 10% standard deviation. 
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