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We studied the relationship between mitotic regimen and incidence of micronuclei in
liver and bone marrow cells of tailless amphibians under the effect of genotoxic carcino-
gen N-nitroso-N-methylcarbamide. Micronuclei appeared in amphibian somatic cells
normally and after mutagenic exposure as a result of abnormal mitosis and of “inter-
phase chromatin diminution”. This latter variant was most incident in lymphoid cells,
presenting as “caudate nuclei”, which should be taken into consideration when inter-
preting findings of micronucleus analysis.
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Micronuclear analysis is widely used for the eva-
luation of cytogenetic injuries in wide-scale scre-
ening studies [4,9,12]. However, some aspects of
this method remain disputable, e.g. formation of
micronuclei. According to the most popular view-
point, micronuclei appear as a result of some forms
of abnormal mitotic division, mainly lagging of
whole chromosomes and acentric fragments during
ana- and metaphases and nonequipolar mitoses [2,
8,11]. It is considered that small micronuclei are
formed from lagging acentric fragments, while lag-
ging chromosomes and nonequipolar mitosis yield
large micronuclei [4]. Presumably, in this case the
incidence of micronuclei can be expected to cor-
relate positively with changed mitotic regimen of
the cells. Another viewpoint suggests origination of
some micronuclei (irrespective of karyokinesis) through
the so-called “interphase chromatin diminution”
[7,8]. This mechanism of micronuclei formation
was reported for human lymphocytes stimulated
with phytohemagglutinin and irradiated in vitro [5]

and for some other mammalian and human cells
[4]. Some scientists claim that micronuclei can form
as a result of rrhexis of nuclei with condensed chro-
matin during apoptotic processes [5]. This hypothe-
sis was not widely accepted, because nuclear frag-
ments forming during apoptosis differ from true
micronuclei by their structure and biological role [3].

Tailless amphibians (toads and frogs) are often
used for micronucleus analysis; some authors con-
sider them an ideal object for evaluation of muta-
genic contamination of the environment by this me-
thod [4]. However, the mechanisms of micronuclei
formation in somatic cells of these animals remain
absolutely not studied. We evaluated correlations
between the formation of micronuclei, specific featu-
res in the cytological composition and morphology
of cell elements, and mitotic activity in hepatic and
bone marrow tissues of toads and frogs normally and
under the effect of N-nitroso-N-methylcarbamide.

MATERIALS AND METHODS

The study was carried out on Bufo bufo toads and
Rana arvalis frogs. All animals were divided into
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control (n=6) and experimental (n=9) groups. Cyto-
genetic injuries were induced by N-nitroso-N-me-
thylcarbamide in a dose of 2.5 mg/100 g in 0.64%
NaCl injected twice with a 24-h interval [10].

The animals were sacrificed 24 h after the last
injection by ether inhalation. Conditions of animal
keeping, time of mutagen injection, and sacrifice
were identical for all groups (17.00-19.00).

Smears of femoral bone marrow and cytologi-
cal impressions of the liver were fixed in 96% etha-
nol and stained by the method of Romanowskii-
Giemsa. Micronuclei and mitotic figures were coun-
ted in immersion system per 2000 cells. Defective
visual fields and mature blood cells (erythrocytes,
platelets, and polymorphonuclear leukocytes) were
excluded. Pathological forms of mitosis were regis-
tered and the percent of lymphoid cells in bone
marrow tissue was evaluated.

The results were statistically processed using
Statistica software with Student’s t test and Spear-
man’s rank correlation coefficient.

RESULTS

The incidence of micronuclei in the liver of frogs
and toads increased significantly in experimental
groups compared to controls (Table 1). The mitotic
coefficient in toad liver also significantly increased.
In frogs no significant changes were observed. The
incidence of mitoses in the bone marrow decreased
significantly in experimental frogs compared to
controls; no changes of this kind were detected in
toads. The increase in the number of cells with
micronuclei in the bone marrow after N-nitroso-N-
methylcarbamide injection was significant in toads
and negligible in frogs (Table 1). The percent of
pathological mitoses in experimental toads reached
20% (vs. ≤3% in the control). Pathological forms of
cell division included lagging chromosomes and
acentric fragments during ana- and metaphases,

K-mitoses, and nonequipolar mitoses (processes
classically linked with micronucleus formation)
[1,2,4,12] (Fig. 1, a, b).

A strict positive correlation between mitotic
activity and incidence of micronuclei was detected
in the bone marrow of control toads (r=0.96; p<0.01).
In other cases no significant correlation between
these parameters was detected (p>0.1). Micronuclei
in the bone marrow were much more often seen in
frogs than in toads, though in the control this dif-
ference was at the level of a trend (p=0.08). The
count of lymphoid cells in the bone marrow was
3.5-fold higher in both groups of frogs (p<0.01).
A significant positive correlation was detected be-
tween lymphocyte count and number of micronu-
clei in the bone marrow of control toads (r=0.90;
p<0.05), while in frogs these changes were at the
level of a trend. This relationship seems to be due
to greater instability of lymphocyte genome and
higher incidence of cytogenetic abnormalities in
these cells, including micronuclei [4]. However, no
mitotic division of bone marrow lymphocytes was
observed in frogs (though in some cases the con-
tent of these cells surpassed 90%).

Morphological study of liver and bone marrow
cells showed high counts of cells with the so-called
“caudate nuclei”; the content of these cells was
particularly high among lymphocytes and in some
cases surpassed 4%. These formations are some-
times difficult to differentiate from micronuclei [6].
A typical micronucleus of bone marrow plasma-
blasts and plasma cell in experimental animals was
connected to the nucleus with a fine bridge (Fig. 2,
a, b). Caudate nuclei were also detected in other
cell types. Despite cytogenetic heterogeneity of this
term (origination of caudate nuclei is attributed not
only to interphase chromatin diminution, but also
to ana- and telophase bridges formed by dicentric
chromosomes and to abnormally elongated chromo-
some arms), many authors acknowledge their role in

TABLE 1. Incidence of Micronuclei, Mitotic Activity of Liver and Bone Marrow Cells of Toads (Bufo bufo) and Frogs (Rana
arvalis) Normally and after Injection of N-Nitroso-N-Methylcarbamide (M±m)

Bone marrow

incidence of mitoses, % 0.51±0.17 0.086±0.230* 0.42±0.38 0.46±0.37

incidence of micronuclei, ‰ 16.5±9.1 27.5±12.5 8.50±0.47 15.9±0.9**

Liver

incidence of mitoses, % 0.02±0.04 0.03±0.05 0 0.16±0.13*

incidence of micronuclei, ‰ 8.00±0.79 14.80±0.57** 8.34±1.10 16.0±0.6**

Note. *p<0.05, **p<0.01 compared to the control.

Parameter
experimentcontrol

ToadsFrogs

experimentcontrol
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the genesis of micronuclei [6]. According to one clas-
sification [6], these were caudate nuclei of types 3 and
14 and also of types 1 and 5, whose formation is
believed to be linked with interphase chromatin ex-
trusion. Micronuclei (one or several) were often
seen in cells together with caudate nucleus.

Hence, the absence of a significant relationship
between parameters of mitotic activity in liver and
bone marrow cells of experimental toads and frogs
of both groups, presence of micronuclei in lympho-
cytes (their content in some cases being in direct
proportion to the micronuclear analysis values) de-
spite complete absence of mitoses in lymphoid cells
of experimental frogs and the picture characteristic
of caudate nuclei indicate that along with classical
karyokinetic mechanism, micronuclei in tailless
amphibians can form by the so-called interphase
chromatin diminution. This origination of micro-
nuclei is also observed in intact animals, particu-
larly in lymphocytes, but its contribution increases
significantly after mutagenic exposure to N-nitroso-
N-methylcarbamide, which should be taken into
consideration in cytogenetic interpretation of the
results of micronucleus test obtained on tailless
amphibians.
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Fig. 1. Mitosis abnormalities in toad bone marrow cells after injection of N-nitroso-N-methylcarbamide. a) chromosome lag in anaphase
(arrow); b) chromosome lag in metaphase (arrow). Here and in Fig. 2: Romanowskii—Giemsa staining, ×900.

Fig. 2. Chromatin interphase diminution (caudate nuclei) in bone marrow cells of amphibians treated with N-nitroso-N-methylcarbamide.
a) toad plasmablast; b) frog plasma cell. Arrows show caudate nuclei.
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