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Summary. Alkyla t ion  of R N A  from brain, l iver  and 
k idney  in ra ts  af ter  appl ica t ion of a*C-methylnitrosourea 
and  1-x*C-ethylnitrosourea was inves t iga ted .  Af te r  admin-  
i s t ra t ion  of x¢C-methylnitrosourea the  a m o u n t  of 7-methyl-  
guanine in the  R N A  of bra in  and l iver  is abou t  t he  same. 
Analogic exper iments  using 1-~*C-ethylnitrosourea showed 
no a lky la t ion  of the  R N A  in the  organs  inves t iga ted .  This  
leads to the  conclusion t h a t  there  is no direct  corre la t ion 

be tween  the  a lkyla t ion  of R N A  and organot ropic  carcino- 
genic ac t iv i ty  of the  compounds  studied.  
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Cytochemical Localization of Monoamine Stores in Sheep Thyroid Gland at the Electron Microscope 
Level 

The  de te rmina t ion  of the  cel lular  local izat ion of mono-  
amines  present  in some endocr ine  organs  is of grea t  im- 
po r t ance  in the  a s so r tmen t  of the  funct ional  role of these  
compounds.  The  thyro id  gland of the  sheep, in which high 
amoun t s  of 5 -hyd roxy t ryp t amine  (5-HT) have  been de- 
mons t r a t ed  *, was found upon examina t ion  wi th  the  
f luorescence h is tochemical  m e t h o d  of FALCK and H~LLARP 
for t he  demons t r a t ion  of monoamines  ~,~, to conta in  2 
different  monoaminerg ic  cell systems. Cells emi t t i ng  a 
g ranu la r  green f luorescence character is t ic  of p r ima ry  
ca techolamines  and exhibi t ing  me tach romas i a  were 
identif ied as mas t  cells, which in ruminan t s  are known to  
store dopamine  (DA)~. Othe r  cells appear ing  in clusters 
be tween  follicles or  wi th in  foll icular epi thel ium,  emi t t ed  a 
yel low l ight  charac ter i s t ic  of t r y p t a m i n e  der iva t ives  and 
failed to give metachromas ia .  These cells, p robab ly  stor-  
ing 5-HT, were  ident i f ied as parafol l icular  cells named  by  
NONID~Z ~, whose  exis tence as a different  cell popula t ion  
in m a m m a l i a n  thyro id  gland has  long been a m a t t e r  of 
cont roversy .  However ,  e lectron microscopic s tudies have  
d em o n s t r a t ed  s t r iking morphologica l  differences be tween  
foll icular and parafol l icutar  cells e-*. These findings, as 
well  as the  exis tence of monoaminerg ic  mechan isms  
opera t ing  in those cells in species in which t h e y  do no t  
s tore  amines  ~°-n, suppor t  t he  assumpt ion  t h a t  t he  para-  
foll icular cells cons t i tu te  an  independen t  cell sys tem in 
the  t hy ro id  gland. Recen t  exper iences  seem to conf i rm 
this  hypothes is  by  demons t r a t i ng  t h a t  t he  parafol l icular  
cells are  invo lved  in t he  regula t ion of ca lc ium metabo l i sm 
media ted  by  thyroca lc i ton in  a~. 

In  order  to  localize amine  stores of sheep thyro id  gland 
a t  a f iner  s t ruc tu ra l  level,  a cy tochemica l  react ion t h a t  
was shown to  be efficient  in d i f ferent ia t ing  be tween  cate-  
chol- and indoleamine  conta in ing  s t ruc tures  xa-xa, was 
per formed  in this organ.  Morphological  f indings were 
corre la ted  wi th  the  resul ts  ob ta ined  wi th  t he  assay of bio- 
genie amines  present  in the  gland. 

Thyro id  glands were ob ta ined  f rom sheep a t  the  slaugh- 
t e r  house immed ia t e ly  a f te r  death .  Smal l  pieces were pro-  
cessed for e lectron microscopy as previous ly  described xs-x~. 
F ixa t i on  was carried on in 3% g lu ta ra ldehyde  followed by  
2.5 % potass ium d ichromate  in 0.2 M ace ta te  buffer  p H  4.1 
(g lu ta ra ldehyde-d ichromate  or  GD reaction),  or  in 8% 
formaldehyde  followed by g lu ta ra ldehyde  and po tass ium 
d ichromate  as above  ( formaldehyde-g lu tara ldehyde-d i -  
c h r o m a t e  or  F G D  technique) .  Some blocks were rou-  
t ine ly  f ixed in g lu ta ra ldehyde  fol lowed by  osmium 
te t roxide .  Af te r  dehydra t ion  in ethanol ,  the  blocks were 
embedded  in E p o n  812 and sections obseI-ved wi thou t  
fur ther  s ta in ing under  a Siemens  E lmiskop  I e lec t ron 
microscope.  F luoromet r i c  assays of 5 -HT ~s, noradrenal -  

ine 1~, DA 18 and h i s tamine  x9 were per fo rmed  in t hy ro id  
tissue. 

I n  mater ia l  processed with  GD reac t ion  reveal ing  cate-  
chol- and indole- react ive  s t ructures ,  dense prec ip i ta tes  
indica t ing  a posi t ive  react ion were observed in 2 di f ferent  
cell  populat ions .  Some cells, widely  d is t r ibu ted  in the  
perifol l icular  connec t ive  tissue, were  charac te r ized  by  
large granules  of abou t  4000-6000/~  displaying a posi t ive  
react ion and exhib i t ing  va ry ing  shapes and in ternal  den-  
sities (Figure l a). The i r  u l t ras t ruc tura l  appearance  was 
charac ter i s t ic  of t h a t  of mas t  cells and corresponded to  
the  numerous  m e t a c h r o m a t i c  cells observed  in the  sheep 
thyro id  under  the  l ight  microscope.  The  o ther  cells g iv ing 
a pos i t ive  react ion were  v e r y  sparsely  and  uneven ly  
d is t r ibu ted  wi th in  the  gland and localized be tween  the  
follicular ep i the l ium and the  perifol l icular  connec t ive  
t issue or  in clusters  be tween  foll icular cells. The  reac t ion  
observed  in these  cells, tess intense t h a n  t h a t  of mas t  cells, 
was localized in cy top lasmic  granules  of va ry ing  size and 
densi ty,  mos t  of t h e m  being oval  or round-shaped.  

Af te r  pref ixa t ion  wi th  formaldehyde ,  pr ior  to  g lu ta r -  
a ldehyde-d ichromate  t r ea tmen t ,  a procedure  resul t ing in 
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t h e  n e g a t i v i z a t i o n  of c a t e c h o l - r e a c t i n g  sites, cells s imi l a r  
to  t hose  iden t i f i ed  as m a s t  cells w i t h  G D  reac t i on  were  
presen t .  On ly  c lear  e m p t y  spaces  were o b s e r v e d  in t h e  
c y t o p l a s m  (Figure  l b) whi le  some granules ,  less dense  
t h a n  those  r evea led  b y  G D  t echn ique ,  were  occas iona l ly  
seen. The  o t h e r  cells c h a r a c t e r i z e d  b y  a pos i t ive  r eac t i on  
e x h i b i t e d  r eac t i ve  g ranu les  in  t h e i r  c y t o p l a s m  s imi la r  to  
those  obse rved  w i t h  G D  reac t ion ,  even  a f t e r  f o r m a l d e h y d e  
p r e f i x a t i o n  (Figure  2). 

T h e  resu l t s  of a m i n e  d e t e r m i n a t i o n s  are  g iven  in t h e  
T a b l e  a n d  expressed  as #g  of a m i n e / g  we t  weight .  

T h e  c y t o c h e m i c a l  r eac t i on  used for  t h e  d i f f e r en t i a t i on  
b e t w e e n  c a t e c h o l a m i n e s  a n d  i ndo l eamines  a t  t h e  e l ec t ron  
mic roscope  level  is t h e  r e su l t  of r e c e n t  e x p e r i m e n t s  m a d e  
a t  ou r  l a b o r a t o r y ,  b a s e d  o n  t h e  p r o p e r t y  of f o r m a l d e h y d e  
f i x a t i o n  to  r e n d e r  n e g a t i v e  t h e  c h r o m a f f i n  r eac t i on  g iven  
b y  ca t echo lamines ,  l e av ing  u n a f f e c t e d  indol ic  r eac t i ve  
sites, as  was  d e t e r m i n e d  b y  p r ev ious  l i gh t  microscopic  
s tud ies  so, 21. T h e  poss ib i l i ty  of d i f f e r e n t i a t i n g  t he se  com- 
p o u n d s  u n d e r  t h e  e lec t ron  mic roscope  was  d e m o n s t r a t e d  
in a s t u d y  of t h e  speci f ic i ty  of t h e  r e a c t i o n  p e r f o r m e d  in 
i so la ted  b lood  p l a t e l e t s  13,14. T h e  fac t  t h a t  m a s t  cells r eac t  
w i t h  G D  techn ique ,  g iv ing  n e g a t i v e  resu l t s  a f t e r  t he  pre-  
f i x a t i o n  w i t h  fo rma ldehyde ,  is in  a c c o r d a n c e  w i t h  p rev ious  
f ind ings  i n d i c a t i n g  t h a t  m a s t  ceils of r u m i n a n t s  are  

Fig. 1. Electron micrographs showing a portion of mast cells of sheep 
thyroid gland. (a) The glutaraldehyde fixation and subsequent di- 
chromate treatment depicts dense reactive granules. × 15,000. 
(b) Following prefixation with formaldehyde a treatment similar to 
that used in (a) fails to give a positive reaction in the majority of the 
granules. Some smaller and less dense reactive sites are observed. 
× 21,000. 

c h a r a c t e r i z e d  b y  s to r ing  D A  4, a n d  t h a t  f o r m a l d e h y d e  
f i xa t i on  p r io r  t o  c h r o m a t i o n  gives  n e g a t i v e  r e su l t s  in  such  
cells a t  t h e  op t ica l  level  4. T h a t  D A  is s to red  in  m a s t  cell 
g r anu le s  is h e r e b y  d i r ec t ly  d e m o n s t r a t e d  u n d e r  t h e  elec- 
t r o n  microscope  s ince h i s t a m i n e  also c o n t a i n e d  in t hose  
cells does  n o t  in te r fe re  w i t h  t h e  r eac t i ons  14. T h e  h i g h  
a m o u n t  of D A  p r e s e n t  in  sheep  t h y r o i d  g l and  p r o b a b l y  
co r r e sponds  to  t h e  a b u n d a n t  m a s t  cell p o p u l a t i o n  of t h e  
g l ands  e x a m i n e d  a n d  is in  l ine  w i t h  t h e  f ind ing  of a large  
q u a n t i t y  of h i s t a m i n e .  T h e  d i s c r e p a n c y  b e t w e e n  t h e  re- 
su l t s  of FALCK et  al. 2 a n d  those  here  r e p o r t e d  a b o u t  t h e  
c o n c e n t r a t i o n  of D A  m a y  be  e x p l a i n e d  b y  t h e  f ac t  t h a t  
these  a u t h o r s  o b s e r v e d  on ly  few m a s t  cells in  sheep  t h y -  
ro id  g land ,  whi le  in t hose  he re  e x a m i n e d  a g r e a t  n u m b e r  of 
such  cells was  a p p a r e n t .  T h e  p resence  of some  s c a n t y  
g ranu le s  r e a c t i n g  w i t h  d i c h r o m a t e  in  m a s t  cell c y t o p l a s m  
a f t e r  f o r m a l d e h y d e  f i xa t i on  sugges t  t h a t  t h e y  m a y  also 
s to re  a t r y p t a m i n e  de r iva t ive ,  a p o i n t  t h a t  dese rves  f u r t h e r  
i nves t iga t ion .  

T h e  o t h e r  cell t y p e  h a v i n g  r eac t i ve  g ranu les  bea r s  t h e  
u l t r a s t r u c t u r a l  cha rac t e r i s t i c s  of t h e  g r a n u l e - c o n t a i n i n g  
pa ra fo l l i cu la r  cell ~-9. T h e  fac t  t h a t  r e a c t i v e  g ranu le s  a re  
o b s e r v e d  a f t e r  t h e  F G D  reac t i on  s t r o n g l y  sugges t s  t h a t  
t h e y  r e p r e s e n t  t h e  s i te  of s to rage  of 5-HT,  as was  a l r e ad y  
sugges ted  in v iew of p h a r m a c o l o g i c a l  r e su l t s  1°. T h e  f ind-  
ing of a less i n t en s e  r eac t i on  in t he se  g ranu le s  t h a n  in 
those  of m a s t  cells m a y  be  e x p l a i n e d  b y  t h e  lower  q u a n t i -  
t ies  of 5 -HT p r e s e n t  in  t h e  g l and  c o m p a r e d  w i t h  t hose  of 
DA.  T h e  p resence  of o t h e r  a m i n e  in  t h e  g ranu le  t o g e t h e r  
w i t h  5 - H T  c a n n o t  be  d i sca rded  in  v iew of p r e s e n t  resul ts .  

Fig. 2. Portion of the cytoplasm of parafollicular cells of sheep thy- 
roid gland. Dense reactive granules are observed when the tissue is 
processed with the formaldehyde-glutaraldehyde-diehromate tech- 
nique. The omission of formaldehyde fixation gives an essentially 
similar image. × 25,000. 

Content of biogenic amines in the thyroid gland of the sheep. Figures 
represent the mean values of 5 experiments expressed as lug/g wet 
weight :[: SE 

5-Hydroxytryptamine 1.03 :[: 0.09 Histamine 11.71 :]: 1.89 

Dopamine 4.51 4- 0.33 Noradrenaline 0.37 4- 0.05 

30 A. G. E. PEARSE, Histochemistry (J, & W. Churchill, London 1960). 
31 J.G.Woou, Anat. Rec. 157, 343 (1967). 
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The  sugges t ion  t h a t  t h y r o c a t c i t o n i n  is s to red  w i t h i n  
g ranu le s  of pa ra fo l l i cu la r  cells 12 t o g e t h e r  w i t h  t h e  p r e s e n t  
f ind ings  i n d i c a t i n g  t h a t  5 - H T  is also p r e s e n t  inside t hose  
granules ,  impl ies  t h a t  t h e  a m i n e  m a y  ac t  in some s tage  of 
t he  processes  of m e t a b o l i s m ,  s to rage  or l i be ra t i on  of t h e  
h o r m o n e  TM. P r e l i m i n a r y  re su l t s  of e x p e r i m e n t s  n o w  be ing  
m a d e  w i t h  t h e  a d m i n i s t r a t i o n  of p recu r so r  a m i n o a c i d s  of 
a m i n e  syn thes i s  in  t h y r o i d  g l ands  of species in  wh ich  5 -HT 
a n d  c a t e c h o l a m i n e s  c a n n o t  be  n o r m a l l y  d e m o n s t r a t e d ,  
sugges t  t h a t  t h e  f a t e  of a m i n e s  fo rmed  is t h e  g ranu le  of 
pa ra fo l l i cu la r  cells. T h e  d e m o n s t r a t i o n  of t he  coex is tence  
of a h o r m o n e  a n d  5 -HT in a s imi la r  organel le  was  also re- 
c e n t l y  m a d e  in  t h e  i n su l i n -p roduc ing  cells of gu inea  pig  
e n d o c r i n e  p a n c r e a s  ~, ~3 

Resumen.  Se h a n  e s t u d i a d o  los dep6s i tos  de catecol-  e 
i n d o l a m i n a s  en  la t i ro ides  de la o v e j a  m e d i a n t e  u n a  t6c- 
n ica  c i t o q u i m i c a  que  p e r m i t e  ta  d i fe renc iac i6n  e n t r e  am-  
bos  c o m p u e s t o s  a n ive l  u l t r a e s t r u c t u r a l .  Los  a b u n d a n t e s  
m a s t o c i t o s  ha l l ados  en  la  glAndula p r e s e n t a n  g ranu la -  
c iones  que  c o n t i e n e n  u n a  ca t eco lamina ,  q u e e n  base  a 
e s tud ios  an t e r io r e s  se ident i f ic6  c o m o  d o p a m i n a .  Las  c61ulas 

para fo l icu la res  en  cambio ,  c o n t i e n e n  s e r o t o n i n a  en  los 
grAnulos c i toplasmAticos .  Dichos  grAnulos, c u y a  p resenc ia  
h a  sido v i n c u l a d a  con  la de la t i roca lc i ton ina ,  son  p o r  lo 
t a n t o  capaces  de  a l m a c e n a r  la  h o r m o n a  y la 5 -h id rox i t r ip -  
t a m i n a .  Los  r e s u l t a d o s  c i toqu imicos  se a n a l i z a n  con-  
j u n t a m e n t e  con los o b t e n i d o s  m e d i a n t e  la d e t e r m i n a c i 6 n  
qufmica  del c o n t e n i d o  en  a m i n a s  de  la glAndula.  
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Difference in Interphase Nucleus Organization Within the Genus Xiphophorus (Pisces,  Poeciliidae) 

T h e  genic b a c k g r o u n d  of me lano t i c  t u r n o u t  f o r m a t i o n  
in  Poeci l i id  f ishes h a s  b e e n  t h o r o u g h l y  inves t iga t ed ,  a n d  
b iochemica l  m e t h o d s  were appl ied  to u n d e r s t a n d  t h e  m o d e  
of gene r egu la t i on  i n v o l v e d  1-4. As t h e  resu l t s  are  t h o u g h t  
to  be  a hopefu l  bas is  for  s t u d y i n g  t h e  p r o b l e m s  on  t h e  
s ingle  cell level,  n o w  t i s sue  cu l t u r e  is employed .  I n  these  
e x p e r i m e n t s  a n  u n e x p e c t e d  d i f ference  b e t w e e n  species of 
t h e  genus  Xiphophorus  was found ,  wh ich  concerns  t h e  
s t r u c t u r e  of i n t e r p h a s e  nuclei .  

F o u r  of t h e  species i nves t iga t ed ,  i.e., X .  (= Platypoe- 
cilus) rnaculatus 5, X .  montezumae ssp. cortezi, X .  variatus, 
a n d  X .  xiphidiurn, show equa l  b e h a v i o u r  w h i c h  is d e m o n -  
s t r a t e d  first .  I n  l iv ing  cells of t h e  ep i the l i a l  a n d  macro-  
p h a g e  t y p e  e,7 a r r a n g e d  in 1-3 l ayers  a r o u n d  a f in ex- 
p l a n t  8 t h e  nucle i  a p p e a r  h o m o g e n o u s  in p h a s e  c o n t r a s t  
(F igure  la )  as well  as in  i n t e r f e r ence  con t r a s t ,  e x c e p t  for  
1-3  nucleol i  and,  somet imes ,  a v e r y  fine, h a r d l y  vis ible  
g r a n u l a t i o n .  I n  s t a i ned  p r e p a r a t i o n s  t h i s  f e a tu r e  is p r in -  
c ipa l ly  m a i n t a i n e d  (Figure  lb ,  m e t h o d s  see l egend) :  t h e  

nucle i  a re  r a t h e r  dark ,  s l igh t ly  sca t t e red ,  a n d  if some  ir- 
r egu la r  spo t s  c a n  be  seen, these  a re  l i t t l e  d i s t i n c t  a n d  few 
in n u m b e r .  

A c o m p l e t e l y  d i f fe ren t  s i t u a t i o n  was found  in X .  helleri. 
I n  l iv ing  nucle i  a c e r t a i n  n u m b e r  of r a t h e r  e x t e n d e d ,  
c lear ly  v is ib le  bod ies  a p p e a r  (F igure  2a). Af t e r  s t a in ing ,  
t h e r e  are  n u m e r o u s  c h r o m o c e n t r e s  s i t u a t e d  on  a b a c k -  
g r o u n d  w h i c h  i tself  is a l m o s t  unco lou red  (Figure  2b). 
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Fig. la. Nuclei (with 1 or 2 nucleoli) of living tissue culture ceils of 
Xiphophorus variatus in phase contrast. × 2000. 

Fig. lb. Stained nuclei of X. variatus. Tissues exposed to colchicine 
(1:40,000) 3 h, treated with hypotonic solution 45 min, fixed in 
acetic-alcohol, dried and stained with aeeto-orcein. × 2000. 


