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U n t e r s u c h u n g e n  fiber die a lky l ierende  Wirkung  von  *4C-Methyln i trosoharnstof f  und  1-*4C-~thyl  - 
n i t rosoharns to f f  x 

Aus Untersuchungen von DRUCKREX r et al. z ist bekannt, 
dass die Gabe yon Nitrosomethylharnstoff und Nitroso- 
Athylharnstoff bei Ratten vorwiegend zu Hirntumoren 
ffihrt.  Daneben  t r e t en  nach  Ni t rosomethy tha rns to f f  ver-  
e inzel t  Nierengeschwii ls te  auf, w/ihrend bei Ni t roso/ i thyl -  
harns tof f  h/iufig Leuk/ imien  zu beobach ten  sind. I m  
Gegensa tz  zu D ime thy ln i t r o samin  und  Di~ thy ln i t rosamin  
wurden  nach  Appl ika t ion  dieser Alkylni t rosoharns toff -  
de r iva te  n iemals  H e p a t o m e  b e o b a c h t e t  

Als m6gliche Ursache  ffir die karz inogene Wi rkung  yon 
Ni t rosamiden  und Ni t rosaminen  wird heu te  der  biolo- 
gische Abbau  dieser Verb indungen  zu Diazoa lkanen  dis- 
kut ier t ,  welche nach  N 2 Abspa l tung  ein Alky lka t ion  
liefern, das un te r  anderem durch  die Reak t ion  mi t  den 
Basen  der  Nukleins/ iuren,  insbesondere m i t  dem Guanin  
in 7-Stellung, un te r  Bi ldung von  7-Alkylguanin  eine 
Anderung  der  genet ischen In fo rma t ion  bewirken  soil. 
l~lber die a lkyl ierende Wi rkung  yon  Ni t rosomethy lha rn -  
stoff  wurde  berei ts  yon  anderer  Seite  ber ich te t  3. 

Wi r  untersuchten ,  ob ein Z u s a m m e n h a n g  zwischen der  
Menge an 7-Alkylguanin  in der  R N S  und der  Organo-  
t ropie  der  karz inogenen Wi rkung  in Hi rn  bzw. Leber  nach 
Gabe  yon l lC-Methyln i t rosoharns tof f  und 1-11C-Athyl - 
n i t rosoharns tof f  besteht .  

V¢ir ve rwende t en  m~tnnliche, 100-120 g schwere SD-  
R a t t e n  (konvent ionel le  Koloniezucht ,  Zuch tbe t r i eb  
Schwenke,  Nauhe im  fiber Gross-Gerau),  DiRt:  Al t romin® 
und  \¥asse r  ad  l ib i tum,  l*C-Ni t rosomethy lharns to I f  
wurde  nach  den Vorschr i t ten  yon  JoNEs e t  al. * und 
SEMENOW et  al. 6 aus x4C-Methylamin dargestel l t ,  1-x*C - 
Athy ln i t rosoharns to f f  in ana loger  Anwendung  dieser Ver-  

fahren  aus 1-14C-Athylamin synthet is ier t .  Die spezifische 
Ak t iv i t~ t  der  PrApara te  be t rug  I t~Ci/mg. In  Anlehnung  
an die nLs0 inj iz ier ten wi t  100 mg/#Ci /kg  Methyln i t roso-  
harns toff  bzw. 200 mg//*Ci/kg Athy ln i t rosoharns to f f  i.v. 
Die Tiere  wurden  16 h nach  Appl ika t ion  ge t6 te t  und die 
R N S  aus H i m ,  Leber  und  Niere  nach  der  Methode  von  
KIRBY e isoliert. Nach  Hydro lyse  mi t  i N-HC1 erfolgte  die 
F rak t ion ie rung  der  Basen  fiber e inen Ionenaus tauscher  
(Dowex 50 W X  2, 200-400 mesh, H-Fo rm)  durch  Gradi-  
en tene lu ie rung  (1 N-3 N-HC1). 

In  den  F iguren  1 und 2 ist  die Auf t r ennung  des R N S -  
Hydro lysa te s  aus H i m  und Leber  nach  Gabe  yon  14C- 
Methyln i t rosoharns tof f  dargestel l t .  Das E lua t ionsschema  
des R N S - H y d r o l y s a t e s  der  Niere  deck t  sich m i t  d e m  der  
Leber .  Auch  hier  1Asst sich neben 7-Methylguanin  ein 
biologischer E inbau  der  Akt iv i t / i t  in die Pur inbasen  er- 
kennen.  Die spezifische Aktivit~it  der  R N S  aus Hirn,  
Leber  und Niere  verh~l t  sich e twa  wie 1 : 3 : 2. Daraus  folgt  
(vgl. F iguren  1 und 2), dass in der  Leber  ungefAhr die 
gleiche Menge an 7-Methylguanin  gebi ldet  wird  wie im 
H i m ,  obgleich nach  Gabe  von  Methyln i t rosoharns tof f  
n iemals  H e p a t o m e  beobach te t  werden  konnten.  

N a c h  Appl ika t ion  von 1-1~C-Athylnitrosoharnstoff liess 
sich in der  R N S  aus Hirn ,  Leber  und Niere  kein 7-A_thyl- 
guanin  nachweisen.  Das  E lua t ionsschema  zeigte hier  nur  
e inen iiusserst ger ingen biologischen E inbau  der  Ak t iv i t~ t  
in die Pyr /mid innukleo t ide .  

Zwischen Atkyl ierung der  R N S  in den versch iedenen  
Organen  und der  Organot rop ie  der  kanzerogenen  ~Virkung 
bes teh t  bei  Ni t rosomethy l -  und Ni t rosog thy lharns to f f  
demnach  kein kausaler  Zusammenhang .  
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Fig. 1. Eluationsschema eines RNS-Hydrolysates aus Rattenleber 
nach Gabe von 100 mg//,Ci/kg 14C-Methylnitrosoharnstoff. UMP, 
Uridinmonophosphat; CMP, Cytidinrrlonophosphat; G, Guanin; 
7-MG, 7-Methylguanin; A, Adenin. 
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Fig. 2. Eluationsschema eines RNS-Hydrolysates aus Rattenhirn 
naeh Gabe von 100 mg]ffCi/kg 14C-Methylnitrosoharnstoff. Abkfir- 
zungen siehe Figur 1. 
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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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