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We studied the possibility of using the micronucleus test in in vivo experiments on the
model of rat follicular thyrocytes prestimulated to cell division (hemithyroidectomy).
Single administration of N-nitroso-N-methylurea produced a significant dose-dependent
effect on micronucleus formation in thyrocytes and polychromatophilic erythrocytes of
the bone marrow. The test system allowed us to reveal a cumulative effect of 2-fold and
4-fold treatment with the mitogen in low or subthreshold doses on the thyroid gland.
Our results indicate that the micronucleus test is an informative method for the analysis
of the effect of genotoxic agents on the thyroid parenchyma.
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The micronucleus test is an express method of de-
tection of genotoxic damage to the thyroid gland.
This test is based on calculation of interphase cells
with additional nucleoli (micronuclei). Micronuclei
are formed from isolated fragments or whole chro-
mosomes under the influence of genotoxic clasto-
gens and aneugens during prior mitosis [2,6]. Con-
tinuously dividing populations are extensively used
for this purpose. Counting of micronuclei in bone
marrow erythroid cells is a standard express test for
genotoxicity of chemical compounds [6]. Highly
specialized populations pretreated for stimulation of
cell division serve as a test system for detection of
genetic abnormalities formed over a long period of
time. In this respect much attention was given to
hepatocytes [3,11,12]. The follicular epithelium of
the thyroid gland (TG) is another promising test
system. Various technogenic factors (mutagens,
radionuclides, etc.) can induce pathological chan-
ges in TG, which is accompanied by stimulation of
division and damage to the genome in glandular

cells [4,10]. Micronucleus formation in cultured
thyrocytes under the influence of radiation illustra-
tes the necessity to perform detailed investigations
of this problem [8,9].

Here we evaluate informativeness of the micro-
nucleus test as a biological indicator of chemical
mutagenesis in the thyroid epithelium induced with
N-nitroso-N-methylurea in vivo.

MATERIALS AND METHODS

Experiments were performed on 60 adult male Wi-
star rats weighing 200-250 g. Left-sided hemithy-
roidectomy was used for stimulation of thyrocyte
division [1]. The surgery was performed on rats
narcotized with hexenal. Surgically removed parts
of TG from 10 rats served as the control. We per-
formed 2 experimental series. In series I the ani-
mals received single intraperitoneal injection of N-
nitroso-N-methylurea (Sigma) in doubling doses of
0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, and 12.8 mg/kg 48
h after surgery. Each group consisted of 4-7 rats.
This compound has high clastogenic activity. Under
experimental conditions N-nitroso-N-methylurea
induces tumor growth in TG [7]. Cumulative effect
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�����Fig. 1. Isolated micronucleated thyrocytes (arrows). Felgen and
light green staining, ×630.

was studied in series II. Some operated animals
received low doses of the mutagen (0.1 and 0.2
mg/kg) on days 2 and 4, while others were treated
on days 2, 3, 4, and 5. The rats were killed with
ether vapors on days 4 (series I) and 9 after sur-
gery (series II). Thyrocytes were isolated by dis-
sociation of TG fragments in 0.25% collagenase for
pancreatic islet isolation (Sigma) at 37oC for 2-2.5
h. Smears of cells from TG and bone marrow were
fixed with ethanol. Cell smears were stained by the
method of Felgen or treated with gallocyani-
ne-chrome alum (method of Einarson). The cyto-
plasm was stained with light green or eosin. We
estimated the ratio of micronucleated thyrocytes
and polychromatophilic erythrocytes (PCE) per
1000-2000 cells from each organ. The mean num-
ber of micronuclei per micronucleated cell was cal-
culated.

RESULTS

The structure of micronuclei in thyrocytes varied.
The structure and density of chromatin were similar

1, a). Relatively small micronuclei were mainly
composed of fine euchromatin and looked like more
light structures (Fig. 1, b). We showed that 94%
micronucleated cells have 1 micronucleus, and not
more than 6% micronucleated cells enclose 2 mic-
ronuclei.

The subthreshold dose of the mutagen for both
populations was 0.1 mg/kg (Table 1). The mutagen
in doses of 0.2-3.2 and 0.2-0.8 mg/kg produced a
significant dose-dependent effect on micronucleus
formation in thyrocytes and PCE, respectively. The
process of micronucleus formation in thyrocytes
and PCE became stable after administration of the
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mutagen in doses of 6.4 and 1.6 mg/kg, respecti-
vely. Treatment with the mutagen in high doses did
not produce further increase in the number of mic-
ronucleated cells. It was probably associated with
an increase in the frequency of lethal mutations and
elimination of cells from the population. Admini-
stration of N-nitroso-N-methylurea in higher doses
was accompanied by an increase in the mean num-
ber of micronuclei per TG micronucleated cell.
These changes reflect an increase in the frequency
of chromosomal aberrations.

Injection of the mutagen in low doses affected
micronucleus formation in thyrocytes from hemi-
thyroidectomized rats (similarly to single injection
of N-nitroso-N-methylurea in the same total dose,
Table 2). In animals receiving one total dose of
N-nitroso-N-methylurea the count of micronuclei
per micronucleated cell increased proportionally to
the number of injections.

Our results show that the micronucleus test is
equally informative to follicular thyrocytes pretrea-
ted to stimulate cell division and erythroid cells of

the bone marrow. The developed test system allows
studying the effect of single treatment with muta-
gens in a wide range of doses. Moreover, this sys-
tem can be used to reveal a cumulative effect of the
mutagen in low or subthreshold doses on TG. The
micronucleus test is an informative method for eva-
luation of the effect of genotoxic agents on the
thyroid parenchyma.
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TABLE 1. Micronucleus Formation in Thyrocytes and Red Bone Marrow PCE after Single Administration of Mutagen (X±SX)

Control 0.19±0.03 1.00 0.31±0.08 1.08

0.1 0.29±0.04 1.00 0.47±0.13 1.12

0.2 0.30±0.03* 1.00 0.83±0.08*+ 1.00

0.4 0.57±0.06*+ 1.04 0.86±0.14* 1.08

0.8 0.92±0.07*+ 1.12 1.24±0.10*+ 1.07

1.6 1.36±0.12*+ 1.11 1.15±0.15* 1.14

3.2 2.19±0.20*+ 1.13 1.13±0.12* 1.07

6.4 2.17±0.18* 1.19 1.18±0.12* 1.03

12.8 2.34±0.13* 1.32 1.37±0.20* 1.13

Note. p<0.05: *compared to the control; +compared to a lower dose.

Mutagen dose,
mg/kg mean number of

micronuclei per
micronucleated cell

micronucleated cells,
%

mean number of micronu�
clei per micronucleated

cell PCE
micronucleated cells,

%

Thyrocytes

TABLE 2. Micronucleus Formation in Thyrocytes after Repeated Treatment with the Mutagen in Low Doses (X±SX)

0.4 0.4 1 0.57±0.06 1.04

0.2 2 0.56±0.05 1.11

0.1 4 0.64±0.05 1.24

0.8 0.8 1 0.92±0.07 1.12

0.4 2 1.11±0.11 1.08

0.2 4 0.94±0.07 1.18

Total dose, mg/kg
Mean number of
micronuclei per

micronucleated cell

Micronucleated
cells, %Number of injectionsSingle dose, mg/kg
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