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Long-lasting persistence of elevated sister-chromatid exchange frequencies induced by
perinatal benzo(a)pyrene treatment in rat bone-marrow cells
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Abstract. In this work the possibility that a mutagenic factor acting in utero or in the perinatal period might lead
to elevated mutagenic rates in bone-marrow cells after a considerable period of time was examined. An aromatic
hydrocarbon, benzo(a)pyrene was used as the test substance. Benzo(a)pyrene treatments resulted in significantly
higher sister-chromatid exchange (SCE)-frequencies in both fetal and neonatal groups in both sexes, even four
months after exposure. In a second experiment we examined whether mutagenic exposure suffered in utero could
make the individual more susceptible to mutagenic effects in adulthood. Preliminary results indicate that such a

possibility could exist.

Key words. Benzo(a)pyrene; sister-chromatid exchange; bone-marrow; sensitisation.

Increasing environmental pollution, including the re-
lease of considerable quantities of mutagenic agents, is
one of the potential risk-factors that can be involved in
the pathogenesis of numerous diseases, and especially in
carcinogenesis'. Although many examples of the short-
term mutagenicity of various compounds are known,
less is known about whether lesions elicited by such
compounds can be detected a long time after exposure.
Considering that the development of diseases that may
include steps involving mutagenic impacts — especially
carcinogenesis — is a lengthy process, the importance of
long-lasting lesions brought about by mutagenic effects
can even be greater than that of short-term mutagenic-
ity.

We use the term ‘long-lasting’ for lesions that can be
detected more than one month after treatment, and the
term ‘short-term’ for lesions that cannot be detected any
more after one month has elapsed since the treatment.
For the detection of long-lasting lesions elicited by
mutagenic effects, the sister-chromatid exchange (SCE)-
test seems to be the most suitable method to apply,
although the mechanism eliciting of lesions is unknown.
There are a number of experiments demonstrating that
SCE-forming lesions can persist during several cell divi-
sions®>*. Most of the evidence for long-lasting persis-
tence of elevated SCE-frequencies comes from studies
using ethylnitrosourea (ENU) as the test compound.
For example, Stetka et al.’, using ENU on CHO cells,
demonstrated that the elevated SCE-frequency de-
creased with time, but did not return to control levels
for up to 7 days of culturing.

There are also findings in non-dividing cells demonstrat-
ing long-lasting increases in SCE-ftequencies. Jones et
al.* demonstrated that SCE-forming lesions induced by
ENU could persist in spleen lymphocytes for at least 40
days. Tucker et al.” found that SCE-frequencies were

significantly higher in mice exposed to ENU than in
controls, even two or three months after exposure. They
returned to control levels six months after treatment,
both in spleen and blood lymphocytes.

The possibility that mutagenic effects in utero or during
neonatal life could lead to enhanced SCE-frequencies a
considerable period later, even in adulthood, could be
of particular significance.

In the present study we examined the question of the
persistence of elevated SCE-frequencies in continuously
dividing bone-marrow cells using an animal model, in
which animals were treated either in utero or neonatally
with the known short-term mutagen and widespread
environmental pollutant benzo(a)pyrene®. Four months
later SCE-frequencies were determined. In a second set
of experiments we tested the possibility whether muta-
genic exposure (benzo(a)pyrene treatment) in utero
could lead to increased sensitivity to mutagenic effects
in adulthood.

Materials and methods

Animals. Wistar rats were used for both experiments.
The offspring of 6 dams were used for each experiment,
18 males and females for the first and 12 males for the
second. Each dam had an average number of 8 pups. The
offspring were weaned from their mothers 4 weeks after
birth, and separated according to their sex. The animals
used for the experiments were selected randomly. They
were provided with food and water ad libitum, and
housed 3 per cage under regular conditions.

Test compound. Benzo(a)pyrene was purchased from
Fluka (Buchs, Switzerland). It was dissolved in sterile
sunflower oil before use.

Genotoxicity tests. In both experiments two genotoxic-
ity tests were applied, the SCE-test and the micro-
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nucleus-assay (MN-assay). The MN-assay, being a
short-term test, serves as an internal control in both
experiments, although its sensitivity and specificity are
different from that of the SCE-test. ‘
Treatment protocols. In the first experiment animals
were treated either in utero or neonatally using benzo-
(a)pyrene. Every treatment group consisted of 3 ani-
mals of one sex. To bring about fetal exposure, 2.0 mg/
kgb.wt benzo(a)pyrene was administered intra-
muscularly to the dams on days 15, 17 and 19 of
gestation. Controls received 0.5 ml sunflower oil in the
same way. The neonates received 20.0 ug benzo-
(a)pyrene per animal subcutaneously on days 0, 3 and 7
postnatally.

In the second experiment animals were treated either in
utero or in adult life (i.e. at four months of age), or
both. In the fetal treatments the dams received either
sunflower oil or benzo(a)pyrene in the same way as in
the first experiment. The offspring received in adulthood
either a single dose of 2.0 mg/kg b.wt benzo(a)pyrene
or sunflower oil in 0.5 ml volume.

The animals were sacrificed four months after fetal or
neonatal treatment in the first experiment, and two days
after treatment at 4 months of age in the second exper-
iment. Both femurs were removed and the bone-marrow
was extracted under sterile conditions (according to the
method of Schmid?).

SCE-test. After the centrifugation of the bone-marrow
suspension, paralle]l cultures using TC199 medium (Na-
tional Institute of Public Health, Budapest) containing
10% fetal calf serum (FCS, Sebak GmbH, Aidenbach,
Germany) were started. Cultures were incubated for
36-40 h to achieve the highest possible proportion of
second mitoses, and for the last 24-28 h of that period
in the presence of BrdU (Sigma, St Louis, USA) in
10 uM concentration. Before harvesting, cultures were
incubated with Colcemid (Serva, Feinbiochemica,
Heidelberg, Germany) in 0.05 pg/ml concentration for
2 h. Cultures were incubated at 37 °C with 5% CO,/95%
air.

The cultures were harvested according to the method of
Dean and Danford'®. After dropping the suspensions
onto ice-cold slides, the slides were stained according to
the Bisbenzimid-H-33258 (Riedel de Haen AG, Seelze,
Hannover, Germany)-Giemsa technique'.

After staining, 30s metaphases per animal were
counted. The proportion of dividing cells per 1000 cells
(the mitotic index) was also determined.

MN-assay. Following the centrifugation of the bone-
marrow suspension, the sediment was suspended in a
few drops of FCS. Smears were prepared, and then
stained according to the method of Heddle et al.'> After
staining, 1000 PCEs (polychromatic erythrocytes) were
counted and the number of MN-containing PCEs and
the PCE/NCE (normochromatic erythrocytes) ratio was
registered.
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Statistical methods. In both experiments the MN-values
were analysed using the Kruskal-Wallis-test (KW-test).
The SCE-frequencies were analysed by the use of Stu-
dent’s ¢-test. All possible comparisons were made.

Results

First experiment. In this experiment the animals were
treated either in utero or neonatally, and MN- and
SCE-frequencies were determined four months later in
adulthood. Due to the generally large fluctuation of
MN-values, average scores under 5.00 are not generally
considered to be significant’?, thus we can conclude that
MN-values were not changed in any group, either in
males or in females.

The SCE-frequencies, however, were significantly higher
in both treated groups compared to controls, in both
sexes (p < 0.001). Animals treated with benzo(a)pyrene
in the neonatal period exhibited significantly higher
SCE-frequencies than those treated in utero, in both
sexes (in female groups: p<0.02; in male groups:
p < 0.005; table 1).

Though the responses to benzo(a)pyrene were the same
in male and female groups concerning the trend of
changes, in both fetal and neonatal treatment groups
males exhibited slightly higher SCE-frequencies com-
pared to the same groups of females (fetal treatment
groups: p < 0.01; neonatal treatment groups: p < 0.005).
These findings were checked using the Kruskal-Wallis-
test, and it gave similar results.

Second experiment. The animals in this experiment re-
ceived either fetal or adult treatment, or both. MN-
values in groups that received a first or second ben-
zo(a)pyrene dose in adulthood were significantly higher
than those of groups which had not been exposed to
benzo(a)pyrene or had been exposed only in utero
(p < 0.05).

The group that received two benzo(a)pyrene treatments
exhibited significantly higher SCE-frequencies com-

Table 1. Results of the first experiment: treatments prenatally or
neonatally.

Treatment MN-values PCE/NCE  SCE-frequencies/cell

groups ratio {mean + SD)
mean range (mean)

Males

control 1.66 1-3 0.915 439+ 1.11

N-BP 2.00 1-3 0.669 8.74 +1.93*

F-BP 3.33 2-6 1.291 7.77 £ 1.94%

Females

control 2.00 1-3 1.452 423+1.21

N-BP 1.33 1-3 1.874 7.71 +1.27*

F-BP 275 2-4 1.558 7.06 + 1.60*

Treatment groups: N = neonatal, F = fetal, BP = benzo(a)pyrene.
PCE = polychromatic erythrocyte; NCE = normochromatic eryth-
rocyte.

*significant difference from controls.
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Table 2. Results of the second experiment: double treatments.

BP treated MN-values PCE/NCE SCE-frequencies/cell
groups ratio (mean + SD)
mean range (mean)
—/= 3.66 2-6 1.988 6.84 +2.08
+/— 3.33 3-4 0.964 7.48 +1.73*
—/+ 6.66* 5-9 2413 8.26+2.73
+/+ 7.66%  7-8 1.056 10.46 1 3.53*

Treated groups: BP = benzo(a)pyrene. The first symbol represents
the fetal, the second the adult treatments: + = BP treatment;
— =no BP treatment.

PCE = polychromatic erythrocyte; NCE = normochromatic eryth-
rocytes.

*significant difference from controls.

pared to the groups treated once in utero or as adults,
and the untreated controls (p < 0.001). The group re-
ceiving benzo(a)pyrene treatment in adulthood exhib-
ited significantly higher SCE-frequencies than the
untreated control group and the fetally treated group
(p < 0.001 to the absolute control; p < 0.05 to the fetal
treatment group). The fetal treatment group showed
significantly higher SCE-frequencies compared to the
untreated controls (p < 0.05; table 2).

The toxicity indices (PCE/NCE ratio and mitotic in-
dex), which indicate the harmful effects of a tested
compound on the dividing capacity of cells, did not
show substantial differences between treated and non-
treated groups in either experiment (data of mitotic
index are not shown.)

Discussion

Benzo(a)pyrene, an agent known to possess short-term
mutagenic capacities':®, produced elevated SCE-fre-
quencies that persisted for four months in continuously
dividing bone-marrow cells in both fetal and neonatal
treatment groups of both sexes.

Micronucleus-values, however, were not changed in any
group in the first experiment compared to the controls.
The formation of micronuclei can be the result of spin-
dle dysfunctions and chromosome breakages, that result
in chromosome pieces or whole chromosomes being
unable to move to the cell poles in the anaphase of
mitosis, and forming distinct bodies apart from the cell
nucleus. It was shown that in PCEs (polychromatic
erythrocytes) micronuclei can be detected for up to 5
days following treatment'2. By applying this test we can
obtain information about the short period (i.e. 5 days)
preceding processing. Elevated MN-frequencies in the
first experiment would indicate unforeseen mutagenic
effects in the short period preceding processing, and
that would render the interpretation of the data of the
SCE-test difficult. In the second experiment, however,
elevated MN-values indicate the effectiveness of treat-
ment in adulthood. MN-values in the first experiment
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do not indicate any mutagenic effect of this kind taking
place within the 5 days preceding processing.

It has been proved that elevated SCE-frequencies can
persist through several cell divisions?>~#, though the
mechanism of this is unknown. In the experiments de-
scribed here, the period of the persistence of the ele-
vated SCE-frequencies is even longer, which makes it
even more difficult to explain. Neonatal treatments re-
sulted in significantly higher SCE-frequencies than fetal
exposure. This finding is consistent with results of ex-
periments examining the inducibility of microsomal en-
zymes and the sexual behaviour of adult animals treated
with benzo(a)pyrene in the fetal or neonatal period' !>,
The greater effect of neonatal treatment could be ex-
plained by the fact that the animals were exposed di-
rectly, and not through the mother.

Males presented slightly higher SCE-frequencies than
females in both fetal and neonatal treatment groups,
which indicates that they were more susceptible to
benzo(a)pyrene treatments than females. This could be
explained by the disparate development of the micro-
somal enzyme system in males and females'~'8. This
system has a significant role in the transformation of
aromatic hydrocarbons®.

The finding that fetal or neonatal treatment with benzo-
(a)pyrene could lead to increased SCE-frequencies even
after 4 months, in adulthood, is further evidence for the
potential danger of increasing environmental pollution.
Since we are exposed to the actions of mutagenic sub-
stances all our lives long, this could mean that these
compounds can exert their harmful effects not only
through adult, but also through perinatal exposure.
Considering that the life-span of humans is far longer
than that of rats, this could mean that mutations
suffered in the pre- and postnatal period may manifest
themselves years later.

The differences between the SCE-frequencies of the con-
trol groups of the two experiments could be explained
by the inherent individual differences between ani-
mals'¥—21,

The preliminary results of the second experiment
confirm the findings of the previous one, demonstrating
that mutagenic effects in utero could lead to increased
SCE-frequencies in adulthood. The striking point in this
experiment is that the group receiving benzo(a)pyrene
treatments both in utero and in adulthood exhibited
significantly higher SCE-frequencies than groups receiv-
ing treatments only once. This might mean that some-
how a mechanism of sensitisation [or addition]**!
could exist, and exposure to mutagenic effects in utero
could lead to increased susceptibility to the same (or
other) mutagenic impacts in the adulthood. This phe-
nomenon would imply great risk for the population,
considering the high level of aromatic hydrocarbon
pollution, but more research is needed to achieve a
better understanding of the mechanisms involved.
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