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Mast Cell Reaction d u r i n g  C h e m i c a l  Skin 
Carcinogenesis  of the Lizard Lacerta ag i l i s  

CRAMER, SIMPSON and  RILEY 1 obse rved ,  in  sk in  car-  
c inogenesis  of t h e  mouse  i n d u c e d  b y  c h e m i c a l  means ,  a 
s t r i k i n g  a c c u m u l a t i o n  of m a s t  ceils in  t h e  a l t e r ed  d e r m i s  
d u r i n g  t h e  p r e c a n c e r o u s  s tages  of t u m o u r  f o r m a t i o n .  
These  a c c u m u l a t i n g  m a s t  cells h a v e  b e e n  desc r ibed  as  ex-  
h i b i t i n g  a s t r o n g  p r i m a r y  go lden-ye l low f luorescence  
w h e n  t h e  sl ides are  s t u d i ed  in  u l t r a v i o l e t  l ight ,  a f t e r  
fo rma l in  f ixa t ion .  T h e  m a s t  cells of t he  n o r m a l  mouse  sk in  
d id  n o t  show th i s  f luorescence.  Since t he  n o r m a l  2 as wel l  
as t h e  t u m o u r o u s  3 m a s t  ceils of t h e  mouse  are  k n o w n  to  
c o n t a i n  s ign i f i can t  s to res  of 5 - h y d r o x y t r y p t a m i n e ,  to-  
g e t h e r  w i t h  h e p a r i n  a n d  h i s t a m i n e ,  i t  h a s  b e e n  sugges ted  
t h a t  t h e  f luorescence  a c q u i r e d  b y  d e r m a l  m a s t  cells in  t h e  
sk in  carc inogenes i s  was  due  to a r e m a r k a b l e  increase  of 
t he  5 - h y d r o x y t r y p t a m i n e  cel lu lar  c o n t e n t  1.4. T h e  p r o b l e m  
r e g a r d i n g  t he  m o r p h o l o g y  a n d  t he  f u n c t i o n a l  s igni f icance  
of t h e  m a s t  cell response ,  a ssoc ia ted  w i t h  h y p e r p l a s t i e  a n d  
neop las t i c  changes  of t h e  skin ,  r e m a i n s  obscure .  Recen t ly ,  
FIORE-DoNArI e t  al. ~ s t u d i e d  t h e  d e v e l o p m e n t  of  t h e  
m a s t  cell r e a c t i o n  d u r i n g  t h e  chemica l  sk in  ca rc inogenes i s  
of t he  mouse .  To  e s t a b l i s h  w h e t h e r  a more  genera l  signifi-  
cance  s h o u l d  be  a t t a c h e d  to  t he  resu l t s  o b t a i n e d ,  i t  
s eemed  des i rab le  to  us  to  p e r f o r m  a c o r r e s p o n d i n g  in-  
v e s t i g a t i o n  w i t h  t h e  chemica l  sk in  carc inogenes i s  of t he  
l izard,  Lacerta agilis. As in  t he  mouse~,  t h e  m o r p h o l o g y  of 
t h e  m a s t  cell  r e a c t i o n  occur r ing  in  t h e  d e r m i s  h a s  b e e n  
fol lowed closely f r o m  t h e  ea r ly  sk in  c h a n g e s  i n d u c e d  b y  
t h e  ca rc inogen  t o  t h e  full  d e v e l o p m e n t  of t h e  pap i l l omas .  
T h e  5 - h y d r o x y t r y p t a m i n e  c o n t e n t  o f ~ t h e ' t r e a t e d  regions  
of t h e  l izard  sk in  h a s  also b e e n  d e t e r m i n e d  a t  d i f fe ren t  
s u b s e q u e n t  s t ages  of t h e  carc inogenesis .  

A d u l t  f emale  l izards  rece ived  on  t h e  sk in  of t h e  b a c k  a 
s ingle a p p l i c a t i o n  of 0.05 m l  of a 0 . 5 ~  so lu t ion  of 9 :10-  
d i m e t h y l - t  : 2 - b e n z a n t h r a c e n e  in ace tone ,  t h u s  c o n t a i n i n g  
250 ~g of  t h e  subs t ance .  T h e  l izards  were  k i l led  b y  de-  
c a p i t a t i o n  in  g roups  e v e r y  few d a y s  f r o m  t h e  s i x t h  d a y  
a f t e r  p a i n t i n g  to  t h e  s t age  of t h e  d e v e l o p m e n t  of  t h e  
pap i l lomas .  Accord ing  to  t h e  m e t h o d  of FIOIZE-DoNATI 
e t  al. ~, t r e a t e d  po r t i ons  of sk in  were  excised,  s l igh t ly  
s t r e t c h e d  on  f i l te r  p a p e r  a n d  f ixed in 10% n e u t r a l  for- 
mal in .  F r o z e n  sec t ions  rece ived  a n  a d d i t i o n a l  f i x a t i o n  in  
fo rma l in  v a p o u r  a t  37°C for  3 h a n d  were  e x a m i n e d  for  
u l t r a v i o l e t  f luorescence  u s ing  a Le i tz  O r t h o l u x  mic roscope  
w i t h  a CS-150 m e r c u r y  l amp,  a n d  u l t r a v i o l e t  f i l ters  w i t h  
a m a x i m u m  of t r a n s m i t t a n c e  of 365 m~.  To lu id ine  b lue  
(0.001 a q u e o u s  solut ion)  was  t h e n  app l ied  on  t h e  s ame  
sect ion.  O t h e r  f r a g m e n t s  f r o m  t r e a t e d  sk in  were pooled  
a n d  e x t r a c t e d  w i t h  four  p a r t s  (w/v) of a c e t o n e  for  24 It, 
t h e n  r e - e x t r a c t e d  w i t h  80°,/o a c e t o n e  for  a n o t h e r  24 h.  
Acco rd ing  to  t h e  m e t h o d  of ERSPAMER 3, t h e  e x t r a c t s  were  
a s sayed  o n  t h e  a t r o p i n i z e d  oes t rus  u t e r u s  of  ova r i ee to -  
mized  ra ts .  T h e  s t a n d a r d  w as  5 - h y d r o x y t r y p t a m i n e  crea-  
t i n i n e  su lpha t e .  T h e  va lues  were expressed  as 5 - h y d r o x y -  
t r y p t a m i n e  base .  

T h e  F igu re  shows t he  changes  w h i c h  were  f o u n d  in  t h e  
morpho logy ,  t h e  d i s t r i b u t i o n  a n d  t h e  n u m b e r  of t h e  m a s t  
ceils as  weU as t h e  leve l  of  5 - h y d r o x y t r y p t a m i n e  in  t h e  
l izard  sk in  o b s e r v e d  a t  d i f f e ren t  s tages  of t h e  c h e m i c a l  
carc inogenesis .  T h e  m a s t  cell  r e a c t i o n  a p p e a r e d  to  b e c o m e  
e v i d e n t  as ea r ly  as 18-25 days  a f t e r  p a i n t i n g  w i t h  9: 10- 
d ime thy l -1  : 2 - b e n z a n t h r a c e n e  a n d  inc reased  p rogress ive ly  
u n t i l  t h e  a p p e a r a n c e  of t he  pap i l lomas ,  w h i c h  occu r red  
a f t e r  a m e a n  l a t e n t  pe r iod  of 50 days .  T he  a c c u m u l a t i n g  
m a s t  ceils were  o b s e r v e d  to  d i f fe r  q u a l i t a t i v e l y  f r o m  t h e  
m a s t  cells of t h e  n o r m a l  l izard  sk in  in  b e i n g  of  v e r y  s m a l i  
size, poo r ly  m e t a c h r o m a t i c  a n d  sca rce ly  g r a n u l a t e d .  

S t a i n i n g  f rom a b o u t  18 th  d a y  a f t e r  t h e  9 : 1 0 - d i m e t h y l -  
l : 2 - b e n z a n t h r a c e n e ,  t h e s e  m a s t  cells acqu i r e  a pecu l i a r  
golden-ye l low f luorescence.  The  i n t e n s i t y  of t h i s  f luores-  
cence  g r a d u a l l y  increases  in  t h e  f u r t h e r  d e v e l o p m e n t  of 
t h e  sk in  lesions.  

T h e  m a s t  cell r e a c t i o n  a p p e a r e d  to  be  a cel lular  response,  
w h i c h  was  s t r i c t l y  local ized w i t h i n  t h e  t r e a t e d  reg ion  a n d  
r e s t r i c t e d  to  t h e  superf ic ia l  p a r t  of t h e  dermis .  T h e  m a s t  
cells s i t u a t e d  in  t h e  s u b c u t i s  a n d  in  t h e  deepes t  p a r t  of 
dermis ,  h e a v i l y  g r a n u l a t e d  a n d  l a rge r  in  size, d id  n o t  
show a n y  mod i f i c a t i on  in m o r p h o l o g y  a n d  n u m b e r ,  a n d  
fai led to  acqu i re  t h e  go lden-ye l low f luorescence.  As in t h e  
mouse  5, also in t h e  l izard  a p ro longed  t r e a t m e n t  w i t h  
ace tone ,  p r eced ing  fo rma l in  f ixa t ion ,  was  o b s e r v e d  to  
abo l i sh  c o m p l e t e l y  t h e  f luorescence,  l eav ing  t h e  m e t a c h r o -  
m a t t e  a p p e a r a n c e  of t h e  a c c u m u l a t e d  m a s t  cells u n s t a i n e d .  
F r o m  t h e s e  d a t a  i t  wou ld  a p p e a r  t h a t  golden-ye l low fluo- 
rescence  a n d  m e t a c h r o m a s i a  a re  a p p a r e n t l y  n o n - r e l a t e d  
p h e n o m e n a ,  d e p e n d i n g  on  t h e  p re sence  w i t h i n  t he  m a s t  
cells of d i f f e ren t  subs t ances .  As to  t h e  e x a c t  n a t u r e  of t he  
f luoresc ing  ma te r i a l ,  no  conc lus ive  ev idence  c a n  be  given.  
T h e  close r e l a t i o n s h i p  of t h e  inc rease  of t h e  m a s t  cell  
n u m b e r  w i t h  t h e  r ise of  t h e  5 - h y d r o x y t r y p t a m i n e  level  
a n d  t h e  i n t e n s i t y  of f luorescence  s u p p o r t s  t h e  h y p o t h e s i s  
t h a t  a h i g h  c o n t e n t  of  5 - h y d r o x y t r y p t a m i n e  a c c o u n t s  for  
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Schematic representation of 5-hydroxytryptamine content and mast 
cell changes of lizard skin at different stages of the papilloma for- 
mation after a single application of 9:10-dimethyl-1:2-benzanthra- 

eerie. O = fluorescing mast cells. • = non-fluorescing mast cells. 
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the  fluorescing propert ies  of the  react ing mas t  cells. Ac- 
cording to BARTER and PEARSE 7, a s imilar  golden-yel low 
fluorescence, af ter  formal in  f ixation,  is exhib i ted  by 
enterochromaff in  cells, the  physiological  cellular source of 
5 -hydroxy t ryp tamine  as well as by  a gelat in model  of 
5 -hydroxy t ryp tamine  in vitro. BENDITT and WONG s found 
tha t  the  lack of fluorescence of normal  mas t  cells can be 
ascribed to a 5 -hydroxy t ryp tamine  con ten t  lower than  
the  m i n i m u m  required for the  h is tochemical  vis ibi l i ty  of 
5 -hydroxy t ryp tamine .  

As the  results are  in good agreement  wi th  those ob- 
ta ined in the mouse 5, t h e y  mus t  undoub ted ly  be regarded 
as being of more general  significance. 

Zusammen/assung. Beschre ibung der Mastzel lenreakt ion 
w~hrend dcr  chemisch- induzier ten  Carcinogenese bei der 
Eidechse Lacerta agilis. 

A .  STOLK 

Department o/Histology, Free University, Amsterdam (The 
Netherlands), October 2, 7962. 
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Localized Areas  of High Alkaline Phosphatase  
Activity in the Endothe l ium of Arteries  in the 

Axolot l  

Act iv i ty  of phosphatases  in the  alkal ine p H  range has 
been known for a long t ime in the  adven t i t i a  of medium-  
sized arterioles,  in the  endothe l ium of blood vessels and in 
the  endothe l ium of capil lar iesLL whereas  differences in 
the ac t iv i ty  of this  enzyme  were observed in capillaries of 
var ious  organs. BARRO'vVS and C h o w  ~, LEHNINGER 4, and 
ZWEIFACH 6 could demons t r a t e  no specific localizat ion of 
alkaline phosphatase  ac t i v i t y  in the  vascular  tree. An in- 
tense alkaline phospha tase  ac t iv i ty  was observed by  RO- 
MANUL and BANNISTER 6 in the  endothe l ium of arterioles 
and small  arteries of rat ,  rabbi t  and h u m a n  a t  the i r  origin 
from larger vessels;  we personal ly  ob ta ined  corresponding 
results wi th  the axolot l  A mbystoma mexicanum. 

The exper iments  were carr ied ou t  in skeletal  muscles, 
and also the  skin, the  spinal cord and the  mesente ry  were 
surveyed.  Fresh-frozen specimens were sectioned in the 
cryos ta t  and placed in subs t ra te  solutions for the demon-  
s t ra t ion of the  alkal ine phosphatase  ac t iv i ty .  As in the 
rat, rabbi t  and h u m a n  s, two methods  were used, viz. a 
modified coupl ing azo dye  me thod  a t  p H  9.5, using x- 
naph thy l  phospha te  and blue B B N  ~, and t h a t  of Gomori  
wi th  the  subs t ra te  solut ion a t  p H  9.0 t. The sections were 
af terwards fixed, counters ta ined  and mounted  in 50% 
polyvinyl  pyrrol idone.  

The endo the l ium of the  larger  ar ter ies  showed no 
alkaline phospha tase  ac t iv i ty .  The  p r imary  branches  of 
such arteries demons t r a t ed  modera te ly  intense phospha-  
tase ac t iv i ty ,  s ta r t ing  ab rup t ly  a t  the  po in t  of origin and 
fading gradual ly  distal ly.  The  ac t i v i t y  of the secondary 
branches,  which  s ta ined ident ica l ly  a t  t he  po in t  of origin, 
cont inued for a grea te r  l ength  distal ly,  and was more 
intense. The small  arterioles also s tained ab rup t ly  and in- 
tensely a t  the  origin and cont inued  s taining wi th  lesser 
in tens i ty  th roughou t  the  course, whereas  the  capillaries 
appeared to s ta in  wi th  even  in tensi ty .  The  s taining a t  the 
poin t  of b ranching  of t he  ar ter ioles  s ta r ted  earl ier  dur ing 
the incubat ion  of the  tissue section and was usual ly  more 
intense than  in the  capillaries. I n  m a n y  ar ter ial  branchings,  
the  enzymat ic  ac t iv i ty  was res t r ic ted to the  endothel ium,  
the  circular  muscular  layer  being clear ly  visible around it. 
In  several  such branchings the  lumen  of the ar ter ia l  
branch,  as well  as the  outs ide  d iamete r  of the  branch  
were decreased over  the  most  p rox imal  por t ion  of the  
vessel near  its origin, the  endothel ia l  cells bulging inside 

the lumen of the  blood vessel. In  the  endothe l ium of 
arteries a t  y-shaped bifurcations,  no s taining was ob- 
served, even when thei r  side branches originat ing proxi-  
mal ly  showed an intense s ta ining of the  endothel ium.  No 
s ta ining was observed a t  the  poin t  of branching  of veins. 
The findings in the  vascular  tree wi th  the  azo dye method  
and wi th  the  Gomori  technique  were identical.  The high 
alkal ine phosphatase  ac t iv i ty  in the  endothe l ium of the 
arterioles and the  arteries at  the point  of origin from 
larger blood vessels, if present  in vivo, may  indicate  some 
act ive  t ranspor t  funct ions at  such points.  According to 
ROMANUL and BANNISTER s t ranspor t  of chemical  from 
the  blood s t ream through the endothe l ium at  these loca- 
t ions in the  vascular  t ree is most  unlikely to  serve the  
purpose of supply to tissues surrounding the  arteries. I t  
seems more l ikely tha t  such t ranspor t  th rough the endo- 
the l ium at  these sites might  serve as a sys tem for sampling 
cont inuously  the  chemical  con tcn t  of thc blood for purpose 
of regulat ion of the  lumen of the ar tery.  

As these results obta ined  in the axolot l  correspond v e r y  
well wi th  the  results obta ined  in the rat,  rabbi t  and 
human  s, a general  significance may  be a t t ached  to them. 

Zusammen]assung. Es werden lokalisierte Regionen von 
grosset alkalischer Phospha taseak t iv i t i i t  im Endo the l ium 
der  Arter ien  be im Axolot l  beschrieben. 

A. STOLK 

Department o/Histology, Free University, Amsterdam (The 
Netherlands), October 12, 1962. 
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