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EXPERIENTIA 24/6

Untersuchungen iiber die alkylierende Wirkung von *C-~Methylnitrosoharnstoff und 1-%#C-Athyl-

nitrosoharnstoff!

Aus Untersuchungen von DRUCKREY et al.? ist bekannt,
dass die Gabe von Nitrosomethylharnstoff und Nitroso-
ithylharnstoff bei Ratten vorwiegend zu Hirntumoren
fithrt. Daneben treten nach Nitrosomethylharnstoff ver-
einzelt Nierengeschwiilste auf, wahrend bei Nitrosodthyl-
harnstoff hiufig Leukidmien zu beobachten sind. Im
Gegensatz zu Dimethylnitrosamin und Didthylnitrosamin
wurden nach Applikation dieser Alkylnitrosoharnstoff-
derivate niemals Hepatome beobachtet.

Als mogliche Ursache fiir die karzinogene Wirkung von
Nitrosamiden und Nitrosaminen wird heute der biolo-
gische Abbau dieser Verbindungen zu Diazoalkanen dis-
kutiert, welche nach N, Abspaltung ein Alkylkation
liefern, das unter anderem durch die Reaktion mit den
Basen der Nukleinsduren, insbesondere mit dem Guanin
in 7-Stellung, unter Bildung wvon 7-Alkylguanin eine
Anderung der genetischen Information bewirken soll.
Uber die alkylierende Wirkung von Nitrosomethylharn-
stoff wurde bereits von anderer Seite berichtet3.

Wir untersuchten, ob ein Zusammenhang zwischen der
Menge an 7-Alkylguanin in der RNS und der Organo-
tropie der karzinogenen Wirkung in Hirn bzw. Leber nach
Gabe von 1C-Methylnitrosoharnstoff und 1-14C-Athyl-
nitrosoharnstoff besteht.

Wir verwendeten méinnliche, 100-120 g schwere SD-
Ratten (konventionelle Koloniezucht, Zuchtbetrieb
Schwenke, Nauheim tiber Gross-Gerau), Didt: Altromin®
und Wasser ad libitum. MC-Nitrosomethylharnstoff
wurde nach den Vorschriften von JonEs et al® und
SEMENOwW et al.® aus #C-Methylamin dargestellt, 1-14C-
Athylnitrosoharnstoff in analoger Anwendung dieser Ver-
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Fig. 1. Eluationsschema eines RNS-Hydrolysates aus Rattenleber
nach Gabe von 100 mg/uCi/kg “C-Methylnitrosoharnstoff. UMP,
Uridinmonophosphat; CMP, Cytidinmonephosphat; G, Guanin;
7-MG, 7-Methylguanin; A, Adenin.

fahren aus 1-1C-Athylamin synthetisiert. Die spezifische
Alktivitdt der Priparate betrug 1 uCi/mg. In Anlehnung
an die DL, injizierten wir 100 mg/uCi/kg Methylnitroso-
harnstoff bzw. 200 mg/uCi/kg Athylnitrosoharnstoff i.v.
Die Tiere wurden 16 h nach Applikation getétet und die
RNS aus Hirn, Leber und Niere nach der Methode von
KirBy® isoliert. Nach Hydrolyse mit 1 N-HCI erfolgte die
Fraktionierung der Basen iiber einen Ionenaustauscher
{(Dowex 50 WX 2, 200-400 mesh, H-Form) durch Gradi-
enteneluierung (1 N-3 N-HCI).

In den Figuren 1 und 2 ist die Auftrennung des RNS-
Hydrolysates aus Hirn und Leber nach Gabe von C-
Methylnitrosoharnstoff dargestellt. Das Eluationsschema
des RNS-Hydrolysates der Niere deckt sich mit dem der
Leber. Auch hier ldsst sich neben 7-Methylguanin ein
biologischer Einbau der Aktivitit in die Purinbasen er-
kennen. Die spezifische Aktivitit der RNS aus Hirn,
Leber und Niere verhilt sich etwa wie 1:3:2. Daraus folgt
(vgl. Figuren 1 und 2), dass in der Leber ungefihr die
gleiche Menge an 7-Methylguanin gebildet wird wie im
Hirn, obgleich nach Gabe von Methylnitrosoharnstoff
niemals Hepatome beobachtet werden konnten.

Nach Applikation von 1-14C-Athylnitrosoharnstoff liess
sich in der RNS aus Hirn, Leber und Niere kein 7-Athyl-
guanin nachweisen. Das Eluationsschema zeigte hier nur
einen Ausserst geringen biologischen Einbau der Aktivitit
in die Pyrimidinnukleotide.

Zwischen Alkylierung der RNS in den verschiedenen
Organen und der Organotropie der kanzerogenen Wirkung
besteht bei Nitrosomethyl- und Nitrosodthylharnstoff
demnach kein kausaler Zusammenhang.
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Fig. 2. Eluationsschema eines RNS-Hydrolysates aus Rattenhirn
nach Gabe von 100 mg/uCi/kg ¥C-Methylnitrosoharnstoff. Abkiir-
zungen siehe Figur 1.
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Summary. Alkylation of RNA from brain, liver and
kidney in rats after application of “C-methylnitrosourea
and 1-C-ethylnitrosourea was investigated. After admin-
istration of *C-methylnitrosourea the amount of 7-methyl-
guanine in the RNA of brain and liver is about the same.
Analogic experiments using 1-14C-ethylnitrosourea showed
no alkylation of the RNA in the organs investigated. This
leads to the conclusion that there is no direct correlation
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between the alkylation of RNA and organotropic carcino-
genic activity of the compounds studied.
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Cytochemical Localization of Monoamine Stores in Sheep Thyroid Gland at the Electron Microscope

Level

The determination of the cellular localization of mono-
amines present in some endocrine organs is of great im-
portance in the assortment of the functional role of these
compounds. The thyroid gland of the sheep, in which high
amounts of 5-hydroxytryptamine (5-HT) have been de-
monstrated!, was found upon examination with the
fluorescence histochemical method of FarLck and HiLLARP
for the demonstration of monoamines?3, to contain 2
different monoaminergic cell systems. Cells emitting a
granular green fluorescence characteristic of primary
catecholamines and exhibiting metachromasia were
identified as mast cells, which in ruminants are known to
store dopamine (DA)*. Other cells appearing in clusters
between follicles or within follicular epithelium, emitted a
yellow light characteristic of tryptamine derivatives and
failed to give metachromasia. These cells, probably stor-
ing 5-HT, were identified as parafollicular cells named by
Nonipez?®, whose existence as a different cell population
in mammalian thyroid gland has long been a matter of
controversy. However, electron microscopic studies have
demonstrated striking morphological differences between
follicular and parafollicular cells®-® These findings, as
well as the existence of monoaminergic mechanisms
operating in those cells in species in which they do not
store amines1%-11, support the assumption that the para-
follicular cells constitute an independent cell system in
the thyroid gland. Recent experiences seem to confirm
this hypothesis by demonstrating that the parafollicular
cells are involved in the regulation of calcium metabolism
mediated by thyrocalcitonin 2,

In order to localize amine stores of sheep thyroid gland
at a finer structural level, a cytochemical reaction that
was shown to be efficient in differentiating between cate-
chol- and indoleamine containing structures3-15, was
performed in this organ. Morphological findings were
correlated with the results obtained with the assay of bio-
genic amines present in the gland.

Thyroid glands were obtained from sheep at the slaugh-
ter house immediately after death. Small pieces were pro-
cessed for electron microscopy as previously described 1318,
Fixation was carried on in 39, glutaraldehyde followed by
2.5%, potassium dichromate in 0.2 M acetate buffer pH 4.1
(glutaraldehyde-dichromate or GD reaction), or in 89
formaldehyde followed by glutaraldehyde and potassium
dichromate as above (formaldehyde-glutaraldehyde-di-
chromate or FGD technique). Some blocks were rou-
tinely fixed in glutaraldehyde followed by osmium
tetroxide. After dehydration in ethanol, the blocks were
embedded in Epon 812 and sections observed without
further staining under a Siemens Elmiskop I electron
microscope. Fluorometric assays of 5-HT %, noradrenal-

ine'?, DA% and histamine!® were performed in thyroid
tissue.

In material processed with GD reaction revealing cate-
chol- and indole-reactive structures, dense precipitates
indicating a positive reaction were observed in 2 different
cell populations. Some cells, widely distributed in the
perifollicular connective tissue, were characterized by
large granules of about 40006000 A displaying a positive
reaction and exhibiting varying shapes and internal den-
sities (Figure 1a). Their ultrastructural appearance was
characteristic of that of mast cells and corresponded to
the numerous metachromatic cells observed in the sheep
thyroid under the light microscope. The other cells giving
a positive reaction were very sparsely and unevenly
distributed within the gland and localized between the
follicular epithelium and the perifollicular connective
tissue or in clusters between follicular cells. The reaction
observed in these cells, less intense than that of mast cells,
was localized in cytoplasmic granules of varying size and
density, most of them being oval or round-shaped.

After prefixation with formaldehyde, prior to glutar-
aldehyde-dichromate treatment, a procedure resulting in
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