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Fig. 2. Nuclear DNA-content of adipose tissue cells of rats aged 
12, 40 and 44 weeks. Abscissa: No. of measured nuclei; ordinate: 
DNA-content in arbitary units (U). The first column represents 
DNA-content of rat-spermatosomes (reference value). In, 2n, 4n = 
haploid, diploid and tetraploid DNA-value. 

These  f indings  i nd ica t e  t h a t  b iochemica l  D N A - e s t i m a -  
t ions  in  t h e  ad ipose  t i ssue  *-4 do n o t  a c c u r a t e l y  r e p r e s e n t  

i n a bas is  of e s t i m a t i o n  of t h e  n u m b e r  of cells. T e t r a p l o i d  
i ~[  i ad ipose  t i ssue  cells a p p e a r  in 1 2 - 1 4 %  in o lder  an imals .  I n  

J lZWSekS a n o t h e r  5% t h e  a p p e a r a n c e  of b i n u c l e a t e d  ad ipose  t i ssue  
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II ll~ cells m u s t  be  expec ted .  These  resu l t s  a re  in a c c o r d a n c e  
~ ~ w i t h  t h e  f ind ings  of LIEBELT s b u t  c o n t r a s t  w i t h  t h e  

o b s e r v a t i o n s  of HIRSCH a n d  GOLDRICK ~. O u r  sugges t ion  
is t h a t  t h e  cy tok ines i s  is no  longer  possible  in d i f f e r en t i a t ed  
ad ipose  t i s sue  cells of o lder  an imals ,  whi le  t h e  ab i l i t y  to  
syn thes i ze  D N A  m a y  pers i s t  9. 
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In Zn ~n Fig. 3. Binueleated adipose tissue cell, ~-Naphthylacetat-esterase 
reaction. × 1250. 

S ince  a n  abso lu t e  s e p a r a t i o n  of ad ipose  t i s sue  cells f rom 
s t r o m a  a n d  b lood cells p r o v e d  to  be  imposs ib le ,  on ly  those  
cells were  m e a s u r e d  t h a t  could  be  c lear ly  iden t i f i ed  as 
ad ipose  t i s sue  cells b y  m e a n s  of t h e  nuc l ea r  s h a p e  (large, 
m o s t l y  ova l  nuclei ,  poo r  in  c h r o m a t i n )  a n d  t h e  pos i t ion  of 
t h e  nuc leus  in  a cy top l a smic  s t ruc tu re .  

T h e  nuc lea r  D N A - c o n t e n t  was  f o u n d  to  be  close a r o u n d  
t h e  d ip lo id  D N A - v a l u e  in a n i m a l s  aged  5-12  weeks  
(Figures  1 a n d  2). I n  o lder  a n i m a l s  (40 weeks a n d  more)  
t e t r a p l o i d  nucle i  a p p e a r e d  besides  t he  diploid  ones  
(F igure  2). T h e  n u m b e r  of t e t r a p l o i d  nucle i  a m o u n t s  to  
1 2 - 1 4 % .  I n  add i t ion ,  b i n u c l e a t e d  ad ipose  t i ssue  cells were 
no t i ced  in a b o u t  5% (Figure  3). The  D N A - c o n t e n t  of each  
of t he se  nuclei  co r r e sponded  w i t h  t he  d ip lo id  value .  

Zusammen/assung. Der  DN S-Geha l t  i so l ier ter  F e t t z e l l e n  
wurde  c y t o p h o t o m e t r i s c h  b e s t i m m t .  Bei ~ilteren T ie ren  
f a n d e n  sich 1 2 - 1 4 %  t e t r a p l o i d e  Fe t t ze l l en  n e b e n  5% zwei- 
ke rn igen  Fe t tze l len .  Es  wird  au f  die Fo lgen  fiir die Be- 
s t i m m u n g  de r  Zel lzahl  au s  d e m  G e s a m t - l ) N S - G e h a t t  des  
F e t t g e w e b e s  h ingewiesen .  
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Mast  Gells and H i s t a m i n e  in a N e w t ,  Triturus pyrrhogaster Boi6 

A l t h o u g h  m a s t  cells in  t h e  lower  v e r t e b r a t e s  h a v e  been  
s t ud i ed  b y  m a n y  his to logis ts ,  i t  h a s  genera l ly  b e e n  be l ieved  
a p r io r i  t h a t  t h e y  c o n t a i n  h i s t a m i n e  as m a m m a l i a n  m a s t  
cells do. ARVY 1, in  his  h i s tochemica l  s tudy ,  no t iced  t h a t  
h e  fai led to  d e m o n s t r a t e  h i s t a m i n e  in m a s t  cells of t h e  
frog, b u t  he  cou ld  n o t  escape  t h e  suppos i t i on  t h a t  m a s t  
cells a re  t h e  cells of h i s t a m i n e .  

I n  a p r ev ious  r e p o r t  ~, we showed  t h e  absence  of h i s t a -  
m i n e  in  m a s t  cells of t h e  frog, Rana catesbiana, b y  t h e  
c o m b i n a t i o n  of h is to logica l  s u r v e y  of m a s t  cell p o p u l a t i o n  

in severa l  o rgans  a n d  b ioas say  (Code 's  m e t h o d )  of h i s t a -  
m i n e  c o n t e n t  in  these  organs .  

W e  also r e p o r t e d  t h a t  t h e r e  is no  h i s t a m i n e  in m a s t  cells 
of t h e  v e r t e b r a t e s  below the  level  of rept i l ia .  Th i s  agreed  
w i t h  t h e  r e su l t s  of REITE 3, wh ich  were o b t a i n e d  b y  a more  
i nd i r ec t  m e t h o d .  

x L. ARVY, C. r. Ass. Anat. J2, 217 (1956). 
z K. TAKAYA, T. FUJITA and K. ENDO, Nature 215, 776 (1907). 
3 O. B. REITE, Nature 206, 1334 (1965). 
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I n  t h e  p r e s e n t  repor t ,  t h e  t i s sue  m a s t  cells a n d  t h e  Mood  
basoph i l s  of t h e  newt ,  Triturus pyrrhogaster Boi6, were  
s t ud i ed  b y  t h e  s ame  b ioas say  m e t h o d  of h i s t a m i n e  as used 
in ou r  p rev ious  s t u d y  z, b y  f luorescence  mic roscopy  w i t h  
o - p h t h a l a l d e h y d e  4 a n d  b y  h i s t o c h e m i c a l  m e t h o d s  for  
s u l p h a t e d  mucopo lysaccha r ide s .  M a s t  cell d i s t r i b u t i o n  in 
va r ious  t i s sues  of t h e  n e w t  was  s t ud i ed  w i t h  pa ra f f i n  sec- 
t i ons  a n d  sp read  p r e p a r a t i o n s .  

H i s t a m i n e  c o n t e n t  a n d  t h e  r e l a t i ve  m a s t  cell p o p u l a t i o n  
of  t h e  n e w t  t i s sues  a re  s h o w n  in  t h e  Table .  T h e  h e a r t  a n d  
t o n g u e  c o n t a i n e d  a la rge  n u m b e r  of d e n d r i t i c  t y p e  m a s t  
cells a m o n g  t h e i r  musc le  b u n d l e s  a n d  u n d e r  t h e  m u c o u s  
m e m b r a n e  respec t ive ly ,  t h u s  r e p r e s e n t i n g  t h e  o rgans  of 
t h e  n e w t  r ich  in m a s t  cells. T he  h i s t a m i n e  c o n t e n t ,  how-  
ever,  as  in  t h e  frog organs ,  was  a t  m o s t  1/~oo as m u c h  as 
t h a t  in  t h e  r a t  m e s e n t e r y .  

H i g h e r  va lues  of h i s t a m i n e  in t h e  d iges t ive  t r a c t  t h a n  
in t h e  o t h e r  o r g a n s  p r o b a b l y  i n d i c a t e  t h a t  h i s t a m i n e  con-  
t a i n e d  in t he  n e w t  t i s sues  comes  f rom t h e  f lora  in  t h e  
l u m e n  of t h e  d iges t ive  t rac t s ,  a l t h o u g h  h i s t a m i n e  abso rp -  
t i on  t h r o u g h  t h e  i n t e s t i n a l  e p i t h e l i u m  is den ied  in  m a m -  
mals .  REITEa also p o s t u l a t e d  t h e  s ame  poss ib i l i ty  for t h e  
or ig in  of t h e  smal l  a m o u n t  of h i s t a m i n e  he  recognized  in  
t h e  newt ,  a l t h o u g h  h e  gave  t h e  h i s t a m i n e  v a l u e  on ly  for  
t h e  whole  b o d y  a n d  n o t  for  i n d i v i d u a l  o r g a n s  s u c h  as  t h e  
in te s t ine .  

T h e  f luorescence  microscopic  o b s e r v a t i o n  for  h i s t a m i n e  
was  ca r r ied  o u t  w i t h  o - p h t h a l a l d e h y d e  4 on  t h e  sp read  
p r e p a r a t i o n s  of n e w t  mesen te r ies .  T h e  r a t  mesen te r i e s  
were used as cont ro ls .  

Microscopic  o b s e r v a t i o n s  of t h e  m e s e n t e r i c  sp reads  
v i r t u a l l y  agree  w i t h  t h e  p r ev ious  desc r ip t i ons  s as r ega rds  
t h e  p re sence  of 2 t y p e s  of t i s sue  m a s t  ceils, d e n d r i t i c  a n d  
ovoid,  bes ides  t h e  i n t r a v a s c u l a r  ba soph i l  leucocytes .  T h e  
n e t w o r k s  of t he  processes  of t he  dend r i t i c  t y p e  m a s t  cells 
a l m o s t  cover  t h e  m e s e n t e r y .  

W i t h  t h e  o - p h t h a l a l d e h y d e  t r e a t m e n t  of t h e  spreads ,  no  
yel low f luorescence  c o r r e s p o n d i n g  to  e i t h e r  of 3 t y p e s  of 
ceils was  recognized,  whe reas  m a s t  cells of t h e  r a t  mesen-  
t e r y  d i s t i n c t l y  f luoresced w i t h  t h i s  m e t h o d .  

D i f f e r en t  t i s sues  of t h e  n e w t  were  f ixed  in  B o u i n ' s  f luid,  
10% n e u t r a l i z e d  fo rma l in  a n d  C a r n o y ' s  fluid,  t r e a t e d  in a 
c o n v e n t i o n a l  m a n n e r  a n d  e m b e d d e d  in paraf f in .  T h e  
sp read  p r e p a r a t i o n s  of t h e  m e s e n t e r y ,  p e r i t o n e u m  a n d  
p e r i c a r d i u m  were  also f ixed in t h e  a b o v e  fluids.  T h e y  were  
s t a i n e d  in 0 .1% to lu id ine  b lue  O (pH 3), A s t r a  b lue  e, 
G o m o r i ' s  a l d e h y d e  fuchs in ,  per iod ic  ac id  Schiff  r e ac t i on  
(McManus)  a n d  a l u m i n i u m - t o l u i d i n e  b lue  w h i c h  is k n o w n  
t o  b e  h i g h l y  specif ic  to  s u l p h a t e d  ac idic  m u c o p o l y s a c -  
c h a r i d e s L  T h e y  showed  d i s t i n c t  m e t a c h r o m a s i a  in  to lu i -  
d ine  b lue  O, were  s t a i n e d  pos i t i ve ly  in a l d e h y d e  fuchs in ,  
r e ac t ed  weak ly  pos i t ive  in  P A S  m e t h o d  a n d  were  d e m o n -  
s t r a t e d  se lec t ive ly  in  a l u m i n i u m - t o l u i d i n e  blue.  These  
resu l t s  i nd i ca t e  t h a t  n e w t  m a s t  cells c o n t a i n  s u l p h a t e d  
acidic m u c o p o t y s a c c h a r i d e s  as m a m m a l i a n  m a s t  cells do. 
I t  was  r e p o r t e d  t h a t  t h e  p resence  of s u l p h a t e d  c o m p o u n d s  
in m a s t  cell g r anu le s  of a newt ,  T. cristatus carni/ex (Laur . )  
was  con f i rmed  b y  t h e i r  S 35 u p t a k e  in a u t o r a d i o g r a p h y  s. 

Besides  t issues,  b lood  was e x a m i n e d  b y  r o u t i n e  h e m a t o -  
logical  t e c h n i q u e s  a n d  t h e  basoph i l s  were  coun ted .  H i s t a -  
m i n e  v a l u e  of t h e  b lood  was  e x a m i n e d  b y  Code 's  m e t h o d .  
The  b lood  of tu r t l es ,  Clemmys japonica a n d  Amyda 
japonica, was  t r e a t e d  in  t h e  s ame  w a y  for  compar i son .  
T h e  b lood  of t h e  n e w t  con ta ined ,  in  a g r e e m e n t  w i t h  t h e  
p r ev ious  a u t h o r s  9, a b o u t  50% basoph i l s  ( 900 / m m  3 blood)  
a m o n g  i ts  leucocytes .  T h e  h i s t a m i n e  v a l u e  of t h e  b lood  
t u r n e d  o u t  t o  be  as low as 0.04/~g/ml.  I n  c o n t r a s t  to  this ,  
60 a n d  35% basoph i l s  a m o n g  leucocytes  a n d  1.20 a n d  
0 .48 /~g /ml  h i s t a m i n e  were  found  in b lood  of C. japonica 
a n d  A. 7aponica respec t ive ly .  

I n  o rde r  to  t e s t  w h e t h e r  n e w t  m a s t  cells h a v e  t h e  
ab i l i t y  to  c o n c e n t r a t e  h i s t a m i n e  f rom t h e  su r round ings ,  
5 0 0 / , g / a n i m a l  h i s t a m i n e  was in j ec t ed  i.p. a n d  t h e  mesen-  
te r ies  of 7 n e w t s  were  e x a m i n e d  u n d e r  a f luorescence  
microscope  w i t h  o - p h t h a l a l d e h y d e  a t  10 a n d  30 min ,  2 
a n d  6 h a f t e r  in jec t ion .  T h e  n e w t  showed  no  c h a n g e  in 
genera l  a p p e a r a n c e  w i t h  t h e  a d m i n i s t r a t i o n  of h i s t a m i n e .  
N o n e  of t h e  3 t y p e s  of m a s t  cells c a m e  to  f luoresce w i t h  
t h e  o - p h t h a l a l d e h y d e  m e t h o d .  

F r o m  t h e  r e su l t s  of t h e  p r e s e n t  s tudy ,  i t  is obv ious  t h a t  
n e w t  t i s sues  c o n t a i n  on ly  a t r ace  of h i s t a m i n e  a n d  t h a t  
m a s t  cells are, a t  least ,  v i r t u a l l y  free f rom h i s t a m i n e  a n d  
h a v e  no  ab i l i t y  to  c o n c e n t r a t e  h i s t a m i n e  f rom t h e  sur-  
round ings .  I n  sp i te  of this ,  m a s t  cells of t h e  newt ,  as those  
of t he  frog, seem ful ly c o m p e t e n t  as s u c h  1° because  t h e y  
c o n t a i n  s u t p h a t e d  mucopo lysaccha r ide s .  

I t  would  be  a l m o s t  safe to  s ay  f rom t h e  p r e s e n t  a n d  
p r e v i o u s  s tud ies  t h a t  t h e r e  is no  h i s t a m i n e  in  m a s t  ceils 
of t h e  a m p h i b i a n s ,  b o t h  u rode le  a n d  a n u r a n .  U n d e r  s t u d y  
are  now m a s t  cells a n d  basoph i l s  of rept i les  a n d  b i rds  
wh ich  m a y  p r o b a b l y  give t h e  key  to  t h e  a p p e a r a n c e  of 
h i s t a m i n e  in m a s t  ceils in  t he  course  of t h e  p h y l o g e n e t i c  
d e v e l o p m e n t  of t h e  a n i m a l  k i n g d o m  11. 

Histamine content and mast cell population in newt tissues 

Organs of No. of Histamine Mast cell 
newt materials /~g/g wet tissue population 

Heart 6 0.13 + + 

Tongue 6 0.20 + + 

Digestive tract 5 0.59 + 

Body except 4 0.05 
digestive tract 

Blood 5 0.04/*g/ml Basophils 
ca. 50% of 
leucocytes 

Zusammen/assung. E s  wird  nachgewiesen ,  dass  die  Mas t -  
zellen y o n  Triturus pyrrhogaster Boi6 ke in  H i s t a m i n  e n t -  
ha l t en ,  sie also im G e g e n s a t z  zur  a l l geme inen  A n n a h m e  
ke ine  H i s t a m o z y t e n  sind.  Dieser  B e f u n d  w u r d e  sowohl  
b io logisch  a m  M e e r s c h w e i n c h e n d a r m  d u r c h  E x t r a k t i o n  
des H i s t a m i n s  m i t  Hilfe  de r  Codeschen  M e t h o d e  als  a u c h  
d u r c h  den  h i s t o c h e m i s c h e n  H i s t a m i n n a c h w e i s  m i t  o- 
P h t h a l a l d e h y d  a n  v e r s c h i e d e n e n  G e w e b e n  bestiS, t ig t .  
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