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HPRT and TK locus outdated: is there a need to switch
to tumor-related genes for genotoxicity testing?
P. KASPER
Federal Institute for Drugs and Medical Devices, Berlin, Germany

Genotoxicity testing as defined by the new ICH and OECD guidelines
has changed little since the inception of the first guidelines about 15
years ago. Ames test, mammalian gene mutation (hprt or tk) and/or
chromosomal aberration test and mouse bone marrow micronucleus test
still constitute the standard test battery indicating that really new
approaches have not been integrated during the last years. At the same
time a revolution in molecular biology has taken place resulting in a
great understanding of the molecular mechanisms of the carcinogenic
process, especially of the fundamental role of oncogenes and tumor
suppressor genes. Isn't it time to make use of these scientific advances
also in genetic toxicology? This presentation will discuss the pros and
cons of using oncogenes or tumor suppressor genes as targets in
experimental approaches to genetic toxicology assessment instead of
the conventional reporter genes. It is concluded that for the purpose of
identifying the intrinsic genotoxic properties of pharmaceuticals (i.e.
hazard identification) the currently used standard tests are sufficiently
appropriate. However, for the purpose of cancer risk assessment
determination of mutational spectra in specific tumor-related genes as
an optional part in bioassays appears to be promising to directly
investigate possible implications of genetic effects in the aetiology of
cancer. Applications of this approach (e.g. tamoxifen) will be
presented.
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New ICH and OECD guidelines: issues of implementation
in practice.
D. KIRKLAND
Covance Laboratories Ltd, Otley Road, Hairogate, HG3 1PY, UK.

Agreement on new guidelines for genotoxicity testing by OECD and
ICH, and harmonised recommendations for a new standard test battery
for pharmaceuticals by ICH has significantly reduced the time and cost
of testing (by 25-30% for a pharmaceutical for world-wide
registration). These achievements are to be commended. However, a
number of laboratories are finding inconsistencies between the ICH and
OECD recommendations, because they were finalised at different
times. Examples are whether both plate incorporation and pre-
incubation methods should be used in the Ames test, and the use of a
continuous 24hr treatment in the mouse lymphoma assay (MLA). There
are also some recommendations that would benefit from more detailed
guidance, without becoming too prescriptive. For example, what
criteria should be used to determine
that a drug is toxic for bacteria and an additional mammalian cell test is
required.
that the insoluble range is such that suspension cultures should not be
used.
that toxicity differences between the sexes are sufficient that both sexes
should be used for in vivo tests.
that a structural alert exists which would require extension of the
standard battery.
These, and other issues, will be discussed, with some proposals made
for improved guidance.
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New ICH Guidance for Genotoxicity Testing of
Pharmaceuticals:
The Judicious Application of Modified Testing
L.M. SCHECHTMAN
US Food and Drag Administration, Rockville, MD, USA

The standard ICH genotoxicity 3-test battery for Pharmaceuticals
consists of in vitro bacterial mutation and mammalian cell mutation or
chromosome damage tests, and an in vivo chromosome damage test. In
order to minimise inadvertent misdiagnoses of the genotoxic potential
of some pharmaceuticals, departures from the standard battery which
involve altering test battery components, protocol modification, and
changing the number of tests were specified. Five such exceptions
include: (1) limitations to the use of bacteria, (2) compounds bearing
structural alerts for genotoxic activity, (3) limitations to the use of
standard in vivo tests, (4) additional genotoxicity testing motivated by
tumor response(s) in carcinogenicity bioassay(s), and (5) additional
genotoxicity testing for structurally unique chemical classes. Thus,
additional testing is warranted when (a) bacteria are considered
unsuitable test organisms, (b) compounds displaying structural alerts
yield negative results in the standard test battery, (c) mechanism(s) of
action for a given tumor response are sought, and (d) evaluating a new
pharmaceutical belonging to a unique structural chemical class that will
not be evaluated in chronic rodent carcinogenicity bioassays.
Furthermore, when standard in vivo tests are found to be inappropriate
(e.g. inability to achieve target tissue exposure), an all in vitro test
battery may be employed.
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Characterisation of mutants induced by clastogens and
aneugens in the mouse lymphoma tk assay
T. SOFUNI. M. HONMA, L. ZHANG, AND M. HAYASHI
Division of Genetics and Mutagenesis, National Institute of Health
Sciences, Kamiyoga, Setagaya-ku, Tokyo, Japan

The in vitro mouse lymphoma L5\7 8Y/tk+l~ assay (MLA) is widely
used to detect both mutagens and clastogens and, by adoption of a 24-h
continuous treatment to supplement the standard 3-h protocol,
chemicals that induce polyploidy and aneuploidy. To investigate what
kind of chromosome alterations occur in tk'1' mutants selected by
tirifluorotymidine (TFT), we used fluorescence in situ hybridisation
(FISH) with chromosome-specific DNA probes. We report here the
results of FISH analyses of spontaneous, methyl methanesulfonate
(MMS)-, colchicine (COL)-, and vinblastine (VINB)-induced mutants.
We used a mouse DNA probe specific for chromosome 11, on which
the tk gene is located, and a mouse chromosome 3 probe as the control.
In spontaneous and MMS-induced mutants, chromosome
rearrangements were more frequent in small-colony mutants (though to
be the result of chromosomal rearrangements) than in large-colony
mutants (though to be the result of gene mutations). Most
abnormalities in the small colony mutants involved the distal region of
one painted chromosome 11. In COL- and VINB-induced mutants, the
aberrations were both numerical (polyploidy, trisomy, tetrasomy, etc.)
and structural (translocations, deletions, insertions, complex
rearrangements) on chromosome 11. We found almost no
rearrangements involving chromosome 3. We discuss mechanisms of
TFT-mutant induction by clastogens and aneugens based on the
cytogenetic profiles we observed.
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Transgenic rodent carcinogenicity tests: Are these merely
long-term genotoxicity tests?
R. W. TENNANT
National Institute of Environmental Health Sciences, Research Triangle
Park, USA

While the absence of mutagenic potential, both in vitro and in vivo,
results in a reduced probability that a substance may be tumorigenic,
there are none-the-less significant numbers of agents that have shown
tumorigenic potential in two-year assays in the absence of genotoxic
potential. Such substances may be truly non-genotoxic or may induce
tumors via indirect mutagenic action, but there is no database of
structure-activity that can be used to prospectively identify non-
genotoxic carcinogenic potential. Thus, the use of transgenic models to
obtain evidence for putative non-genotoxic carcinogenic potential
represents a significant advantage associated with their use in drug and
chemical safety assessment. In the effort to develop transgenic mouse
alternatives to the conventional two-year, two-species rodent bioassay
to identify carcinogenic potential, there are several important issues
that require additional study. For example, is a six month exposure
period adequate to detect substances with relatively weak carcinogenic
potential. The corollary to that issue is the degree of confidence that
can be placed in negative responses in short-term assays. Another issue
is that of the value added by alternative transgenic assays and the
assertion that they may represent only an in vivo adaptation of in vitro
mutation assays. Stated differently, what information can be obtained
from current transgenic models beyond that which can be obtained
from the use of in vitro genotoxicity assays or in vivo mutagenicity
assays that would justify their use. Data will be presented to support
the assertion that the use of transgenic models provide data well
beyond that which can be obtained in the other systems. In the first
case, the models that are being evaluated currently provide a tumor
endpoint. If the transgenic models are utilised in conjunction with a
long-term study in rats they would provide added weight of evidence to
implicate a trans-species carcinogenic potential. While mutagenic
carcinogens can be recognised based upon in vitro and in vivo
mutagenicity or genotoxicity assays, available databases indicate that
between 25 and 30% of substances positive in such systems do not



demonstrate carcinogenic potential when evaluated in a conventional
two-year bioassay. Application of transgenic models may, 1) reduce the
potential false classification of substances as carcinogens; 2) the
shorter duration of exposure, and smaller group sizes allowed by the
absence of high incidence of spontaneous tumors, permit more dose
groups to be included thus providing better estimates of dose-response
relationships; 3) tumors that develop in the models can be analysed for
molecular markers indicative of the mechanism by which tumors arise
in the model.
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In vivo transgenic mutation assays: ready for
incorporation into genotoxicity screening ?
V. THYBAUD
Rhone-Poulenc Rorer, Centre de Recherche de Vitry-Alfortville, 13
Quai Jules Guesde, Vitry sur Seine, France

Mouse and rat transgenic models have been recently developed for the
in vivo detection of gene mutations in all tissues. The most commonly
used models are the Muta™Mouse and the Big Blue™ rat and mouse
models. They use a lambda shuttle vector that carries lacZ and lad
target gene, respectively. It is well established that they specifically
detect point mutations and small deletions, but are unable to detect
large deletions induced by clastogenic compounds. These models are
now used in more than 100 laboratories. The sources of variability have
been identified and standard protocol designs (number of animals per
group, etc.) have been proposed accordingly. Several collaborative
studies have illustrated the robustness of these models (low inter-
laboratory variability and high reproducibility). It is generally agreed
that multiple dosing should be used for unknown compounds. The
determination of the optimal expression time for the different tissues,
depending on their proliferative capacity, is on-going. Results have
been published on more than 20 compounds, and about 12 different
tissues. The spontaneous and induced spectrum of mutations have been
established and compared with those obtained with endogeneous genes.
These data illustrate the usefulness of these models: 1) to elucidate the
discrepancy between in vitro and in vivo genotoxicity results, 2) to
specifically detect gene mutations in the target organ, and in a species
specific manner, 3) to detect compounds active at the site of
administration for which the currently used in vivo tests, in bone
marrow and liver, are not appropriate, 4) to differentiate between a
genotoxic and a non-genotoxic mechanism of carcinogenicity. In
conclusion, the available results in the literature suggest mat these
models should probably not be used in a first instance as part of the
minimal battery of genotoxicity tests, but that they are models of choice
for additional testing when conflicting results are obtained 1) within the
standard battery, 2) between genotoxicity and carcinogenicity studies.
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Evaluation of Thresholds for Chemically Induced
Aneuploidy In Vitro
K.S. BENTLEY1 R.R. MARSHALL2, M. MURPHY2, AND
D.J. KIRKLAND2

'E. I. du Pont de Nemours and Company, Wilmington, DE. 2Covance
Europe, Harrogate, UK

Threshold mechanisms of activity for mutagenic agents have been
debated for some time, especially for those which induce aneuploidy by
inhibiting mitotic spindle function. No observed effect levels or
"practical thresholds" have been demonstrated in vitro and in vivo for
some aneugens generally by metaphase or micronucleus analysis.
Recently, fluorescence in situ hybridisation (FISH) has proven to be a
sensitive technique for the assessment of aneuploidy at low
concentrations. Using Cytochalasin B-induced binucleated human
lymphocytes coupled with FISH, we have characterised a threshold
mechanism of action for two spindle inhibitors, benomyl and its active
metabolite, carbendazim. The distribution of chromosomes between
nuclei was evaluated by fluorescence microscopy for the detection of
centromers labelled with Cy-3 (red) or FITC (green). Six human
chromosomes (1, 8, 11, 17, 18, and X) were assessed. Dose-response
data were generated over a range of closely spaced concentration
intervals (100 ng/inL) for chromosome loss, non-disjunction, and
polyploidy. The threshold, lowest "effect" concentration using
statistical methods, was determined for each chromosome. Non-
disjunction was the most sensitive endpoint, occurring at higher
frequencies and lower concentrations than for chromosome loss or
polyploidy. The dose-response data were similar for the six
chromosomes, and nearly equimolar threshold concentrations were
determined for benomyl and carbendazim.



Oxidative DNA damage and its consequences
B. EPE, D. BALLMAIER, H.C. MAHLER, I. SCHULZ
AND O. WILL
Institute of Pharmacy, University of Mainz, Mainz, Germany

Oxidative DNA damage is generated in cells not only by exogenous
oxidants and radiation, but also endogenously under natural growth
conditions. Although at least some of the oxidative DNA modifications,
e.g. 8-hydroxyguanine (8-oxoG), are premutagenic, there is only
limited knowledge about the mutagenic and carcinogenic risk
associated with the exposure to oxidants on the one hand and with the
endogenous oxidative damage on the other. We analysed and
characterised the types of oxidative DNA damage profile induced by
various reactive oxygen species (hydroxyl radicals, alkoxy radicals,
singlet oxygen, peroxynitrite) using repair endonucleases as probes.
The mutagenicity of the various damage profiles was then determined
in mammalian cells (gpt locus of AS52 cells) and bacteria {gpt gene in
a plasmid) and normalised for the numbers of DNA modifications
induced. Per base modification sensitive to Fpg protein (8-oxoG),
several oxidants that induced the same type of damage profile were
found to also induce the same number of mutations. This number was
as high as the number of mutations induced by UVB per pyrimidine
dimer in the same system. The data can possibly also be used to
estimate the mutagenic risk associated with the background levels of
oxidative modifications in mammalian cells.
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Concepts on Threshold-Mediated Mechanisms in
Mutagenesis and Carcinogenesis
M. KIRSCH-VOLDERS AND A. ELHAJOUJI
Laboratory for Cell Genetics, Vrije Universiteit Brussel, Brussels,
Belgium

Although the existence of a threshold in the dose effect relationship is
well documented for many, if not most, types of toxicological effects
the existence of a threshold for the mutagenic effects of ionising
radiation (Muller, 1954; UNSCEAR 1958, 1986) and of certain
chemicals (Auerbach, 1949; Ehling et al., 1983) has been questioned
since the middle of the century and only recently the question of
thresholds for radiation and chemical carcinogenesis was addressed
(Upton, 1989). The essential facts for the interpretation of threshold
dose-response curves are common to all type of effects and are; i) the
number and the identity of the targets; ii) the mode of interaction of the
acting agent with the target; iii) the type and sensitivity of the endpoint
used to quantify the effect. We therefor will first try to model the type
of interactions which may be expected between a mutagen and its
target and define from this whether a threshold dose-effect can be
expected; in a second step the concept will be extended to inheritable
mutations and carcinogenesis.
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Dose-response and threshold-mediated mechanisms in
mutagenesis: statistical models and study design
D. LOVELL
BIBRA International, Carshalton, Surrey, UK

It is often taken as axiomatic that genotoxic carcinogens could damage
DNA at any level of exposure and that such damage could result in
tumour development. This leads to the assumption that there is no
discernable threshold and that any level of exposure poses a risk of
cancer. The shape of the dose-response curve at low doses remains a
topic of debate. It has been argued, in the case of genotoxic
carcinogens, that any effects produced by a chemical which augment a
process already producing cancer in unexposed individuals will lead to
a dose-response relationship that is non-thresholded and is linear at low
doses. These arguments have underlain the development of some of the
models used by some regulatory bodies for Quantitative Risk
Assessment. The assumptions underlying the presumption of linearity
of response at low doses will be explored in the context of the
increasing knowledge of the mechanistic basis of carcinogenicity. The
implications of the possibility that exposure to low levels of
carcinogens may induce and enhance defence and repair mechanisms
will be considered for such models. The potential and limitations of the
more biologically-based mathematical models of the carcinogenic
process will be reviewed. I) Dose response and threshold effects
Workshop on HPRT Mutations: Experimental design and Statistical
Methods
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Models and data interpretation in the European Union
S. MADLE
Federal Institute for Health Protection of Consumers and Veterinary
Medicine (BgVV), Berlin, Germany

In the European Union industrial chemicals are regulated by Directive
67/548/EEC (new substances) and Council Regulation 793/93 (existing
substances). Principles for the assessment of the risks to man and
environment are laid down in Commission Directive 93/67/EEC (new
substances) and Commission Regulation 1488/94 (existing substances).
Furthermore, in a Technical Document guidance is given to the
Competent Authorities on the approach for risk assessment for new and
existing substances. Toxicological effect assessment includes hazard
identification and dose-response assessment; also exposure is assessed
for humans (workers, consumers and general public) and environment.
Then risk is characterised by evaluation of effects data and comparison
with exposure data, doing this the uncertainties of data are considered.
The outcome of risk assessment one or more of the following
conclusions: no concern, need for further information, need for limiting
the risk. One of the major problems in quantification of risks is given
by the extrapolation of doses with observed effects to lower doses to
which humans are exposed. In order to reduce uncertainties
toxicokinetic data are considered as well as considerations on the mode
of action. For genotoxic substances it is assumed that there is no
threshold exposure level below which effects will not be expressed -
unless the opposite is demonstrated. In practice, there are very few
examples where a threshold is demonstrated plausibly. In principle, the
same approach holds true for carcinogens with positive relevant
genotoxicity findings, although further data may give evidence that
genotoxicity is not the critical effect.
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DNA damage and repair: Consequences on dose-
responses
E. MOUSTACCHI
Institut Curie-Recherche, UMR 218 C.N.R.S., L.R.C. N° 1 C.E.A.,
Paris, France

Damage to DNA is considered to be the main initiating event by which
genotoxicants cause hereditary effects and cancer. Single or double
strand breaks, bases modifications or deletions, intra or interstrand
DNA-DNA or DNA-protein cross-links constitute the major lesions
formed in different proportions according to agents and to DNA
sequence context. They can result in cell death or in mutational events.
Normal cells are able to repair these lesions with fidelity or by
introducing errors. Base-excision (BER) and nucleotide-excision
(NER) repair are error free processes acting on the simpler forms of
DNA damage. A specialised form of BER involves the removal of
mismatched DNA bases occuring as errors of DNA replication or from
miscoding properties of damaged bases. Severe damage will be
repaired according to several types of recombinational processes :
homologous, illegitimate and site-specific recombination pathways.
The loss of repair capacity as seen in a number of human genetic
diseases and mutant cell lines leads to hypersensitiviry to environmental
agents. Repair defective cells show qualitative (mutation spectrum) and
quantitative alterations in dose-effect relationships. Specific examples
will illustrate tin's point.
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Threshold-mediated mechanisms in mutagenesis:
metabolic overload
L. MULLER
Federal Institute for Drugs and Medical Devices, Germany

The vast majority of mutagens and carcinogens is not reactive with
DNA per se. Various metabolic reactions transform harmless chemicals
into DNA-reactive species. Usually, phase I reactions enzymatic
generate electrophilic intermediates, whereas phase II conjugation
reactions transform metabolites into less harmful excretable
compounds. Yet, knowledge is increasing that also phase II reactions,
e.g. sulfatation, can generate ultimate DNA reactive mutagens and
carcinogens. Not always, these enzymatic reactions are effective from
very low concentrations up to very high concentrations. Sometimes
metabolism to a DNA reactive metabolite only takes place when a
certain concentration threshold is exceeded. However, inadequate
scientific data and insufficient dose-response information usually
preclude the determination of metabolism thresholds for mutagens and
carcinogens. Paracetamol (acetaminophen) is an example for ample
information on metabolic pathways leading to genotoxicity which are
only important at highly toxic doses. NAPQI, an electrophilic
paracetamol metabolite, is formed to a sufficient extent only after
glutathion depletion. This mechanism has been established as the most
relevant for the in vivo situation enabling regulatory review of
paracetamol as a safe and effective pharmaceutical compound (see
Bergmann, Miiller, Teigen, Mutation Res. 349, 1996, 263-288). Other
examples include compounds that are metabolically transformed to
DNA-reactive quinones only at high concentrations.
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In vitro and in vivo extrapolations of genotoxin exposures
J.M. PARRY
Centre for Molecular Genetics and Toxicology, University of Wales,
Swansea, UK

In vitro genotoxicity assays have been developed primarily to detect
potential gene and chromosome mutational activity with high degrees
of sensitivity. In general, assay protocols include preparations (such as
S) mix) which increase the opportunity for genotoxin activation but
lack protective factors which may reduce or eliminate potential activity
in vivo. However, data obtained from the standard in vitro genotoxicity
assays can rarely be used to directly estimate mutagenic hazard to a
potential target tissue in the intact animal. The development and
potential application of transgenic animals containing "knockouts" of
various repair enzymes may produce an increase in our ability to detect
in vivo genotoxins without a concomitant increase in our ability to
estimate genotoxin hazard to "wild type" animals. The availability of
DNA repair enzymes and protective mechanisms such as the Phase II
enzymes provides a theoretical basis for predicting the existence of
thresholds of activity for mutagenic chemicals. Recent studies in our
laboratory (Jenkins et al. 1997) indicate that there are major differences
in the sensitivity of exon and intron sequences of genes to mutation
induction. Analysis of the mutations induced in exon sequences
indicate that the majority of exon mutations are conserved and do not
significantly alter protein structure. Such data suggests that direct
measurement of DNA sequence changes are not predictive of
phenotypic changes. Similarly, in the case of some aneuploidy
including chemicals (aneugens) an understanding of their modes of
action e.g. spindle inhibition can be used to predict thresholds of
activity. However, questions arise as to the potential application of
thresholds detected in vitro to hazard in the intact rodent and humans
themselves. In vitro extrapolations in the case of chemical aneugens
requires a range of information including potential target tissues,
proliferation rates in target tissues and potential biological endpoints
that may be indicative of aneugen interactions.
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General Introduction and Historical Perspective
A.M. SARRIF
DuPont de Nemours (Deutschland) GmbH, Toxicology & Regulatory
Affairs, Bad Homburg v.d.H., Germany

Good Morning and welcome to the symposium on ,,dose response and
threshold-mediated mechanism in mutagenesis" co-organised by the
European Environmental Mutagenesis Society (EEMS) and the
European Centre for Ecotoxicology and Toxicology of Chemicals
(ECETOC). I would like to begin by thanking the EEMS for hosting
the symposium, the speakers, ECETOC and the organisers who all
have made this symposium a reality.
First, a few words about ECETOC for those who are not familiar with
it. ECETOC was founded in 1978 to provide a scientific forum in
which the expertise of the European chemical industry could be
harnessed to research, review, assess and publish studies on chemical
mammalian and environmental toxicology. Its main objectives are to
identify, evaluate and minimise any potentially adverse effects on
health and the environment which might arise from the manufacture,
use and disposal of chemicals.
The recognition for the need for a symposium addressing dose-
response and threshold-mediated mechanisms in chemical mutagenesis
began with an ECETOC task force on chemically-induced aneuploidy.
The Task Force work resulted in an ECETOC monograph in 1997 [1],
and has been published recently in a special issue of volume 410 of
Mutation Research [2].
The task force reviewed aneuploidy in human disease, methods for
detecting aneugens, mechanisms by which aneugens exert their action,
screening strategies for assessing aneugenic potential of chemical
agents, and how aneugens as mutagens, are evaluated by regulatory
authorities worldwide. The task force noted that for some aneugens
which exert their action through mechanisms not involving direct
interaction with DNA, thresholds can be, or have been, demonstrated.
In mutagen risk characterisation, particularly with hazard
determination, the focus is primarily on the potential of substances to
induce heritable mutations in man rather than on the mechanism by
which mutations are induced. The primary target of concern is the
human germ cell. Effects of mutagens on somatic cells are critical to
the carcinogen risk characterisation process. Today we will be
reviewing germ- and somatic-cell mutagens and events in the
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mutagenic process with demonstrable thresholds. Ultimately, we would
like to pose the question if non-DNA interactive mutagens should be
evaluated differently from direct DNA damaging agents.
Today's symposium consists of three sessions.
In the first session, Professor Micheline Kirsch-Volders of the Free
University of Brussels, will talk about the general concepts of
thresholds in carcinogenesis and mutagenesis.
Session 2 co-chaired by Professors Autrup and Speit will examine
molecular and cellular factors in mutagenesis.
The last session co-chaired by Drs. Henderson and Schechtmann will
discuss models and data interpretation including regulatory and
industry perspectives. We will end with a discussion on where we go
from here.

Cytotoxicity and apoptosis
R. SCHULTE-HERMANN, B.GRASL-KRAUPP AND W.
BURSCH
Institute for Tumorbiology-Cancer Research, Vienna, Austria

Cell death can occur as an active, programmed event in response to
cytotoxic injury or to endogenous growth limiting factors; the latter
serve to maintain homeostasis of cell number in tissues. Cells seem to
use different pathways for programmed death, as reflected by different
morphology and different biochemistry. Severe cell damage leading to
incapacitation of essential cell functions such as ATP synthesis or
maintenance of membrane potential may lead to ,,necrosis". In any
event the incidence and rate of cell death increase with increasing
signal intensity. Cytotoxic injury requires a certain number of primary
insults; cell death will therefore occur only beyond a definable
threshold. Growth factor control of cell death is receptor mediated;
dose-response-relations including threshold phenomena follow the
general principles of receptor toxicology.
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Regulatory practices - Regulator's perspectives - Japan
T. SOFUNI
Division of Genetics and Mutagenesis, National Institute of Health
Sciences, Tokyo, Japan

The genotoxicity of environmental chemicals is generally evaluated
qualitatively rather than quantitatively. Even with positive chemicals,
evaluations are not usually based on dose-response relationships or
threshold levels. In Japan, however, regulatory bodies attempted to
evaluate genotoxic chemicals quantitatively about 20 years ago: they
used a kind of ranking approach to compare genotoxic activities using
parameters estimated from data bases. That experience seems to have
prepare Japanese regulatory bodies for acceptance of discussion on
dose-response relationships and thresholds for genotoxic chemicals. At
present a threshold argument is frequently made for non DNA-targeting
chemicals such as topo II or DNA polymerase inhibitors and spindle or
centriole inhibitors. Non DNA-targeting chemicals seem to evoke a
non-linear dose-dependency with a threshold, while DNA-targeting
chemicals seem to evoke a linear dose-response without a threshold.
The majority of DNA damage (including adducts), however, is
probably repaired, leaving only a small amount of unrepaired or
misrepaired DNA damage as irreversible events. If that is the case,
there may be a biological threshold below which all induced DNA
damage is repaired completely. That suggests the possibility of a
threshold for both DNA and non-DNA targeting chemicals.
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Low-Dose Effects of Genotoxins
J.A. SWENBERG
University of North Carolina, Chapel Hill, NC, USA

Dose-response relationships of genotoxic agents differ greatly
depending on the agent and the endpoint being evaluated. Simple
conclusions that genotoxic effects are linear cannot be applied
universally. The shape of the molecular dose of DNA adducts varies
from linear, to supralinear, to sublinear depending on metabolic
activation and detoxication, and repair of individual types of DNA
adducts. For mutagenesis and other genotoxicity endpoints, the dose-
response reflects the molecular dose of each type of DNA adduct, cell
proliferation and endogenous factors that lead to mutagenesis such as
the formation and repair of endogenous DNA adducts. These may be
identical to those of the chemical, as in the case of vinyl chloride and
ethylene oxide, or those of oxidative stress. The same factors come into
interpreting the shape of dose-response data for carcinogenesis of
genotoxic agents, however, tumor background variability adds
additional complexity. Extremely sensitive methods have been
developed for measuring the molecular dose of genotoxins. However,
in view of the high number of endogenous DNA adducts that are
present in all cells, it is unlikely that causal relationships can be
attributed to very low numbers of DNA adducts. Effects of both
exogenous and endogenous DNA adducts need to be factored into the
interpretation of such exposures.
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Oxidative damage to DNA; a likely cause of cancer?
A.R. COLLINS
Rowett Research Institute, Greenburn Road, Scotland, UK

The idea that endogenous DNA oxidation - occurring through free
radicals released as by-products of respiration - contributes
significantly to carcinogenesis is based on (i) the high levels of oxidised
bases reported to be present in normal cellular DNA; (ii)
epidemiological evidence for a cancer-protective effect of fruit and
vegetables in the diet, thought to be due to the presence of antioxidants;
and (iii) the potential mutagenicity of altered bases such as 8-oxo-
guanine, which can pair with adenine rather than cytosine. Recent
determinations of base oxidation in DNA using lesion-specific
endonucleases in combination with DNA breakage assays, as well as
refined methods of HPLC analysis, suggest that the steady-state level
of base oxidation is very low. Supplementation of the human diet with
antioxidants can decrease DNA oxidation, and there is a negative
correlation between baseline (i.e. non-supplemented) plasma levels of
carotenoids and oxidised bases in lymphocyte DNA, so the 'antioxidant
hypothesis' appears to be upheld. However, when 8-oxo-dG levels in
lymphocyte DNA are compared between men and women in five
European countries, substantial differences are seen, which are not
explained by differences in antioxidant concentrations. DNA oxidation
correlates with mortality rates for coronary heart disease but not for
cancer.
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A way to prevent chemotherapy resistance in vitro and in
vivo: inhibition of gene amplification by simultaneous
treatment of tumor cells with an anti-recombinogenic
agent and an antineoplastic drug
R. FAHRIG'. A. STEINKAMP-ZUCHT1, B. FIEDLER1, A.
SCHAEFER2, C. PRAHA1, H.-D. ZUCHT3 AND H.
ERNST1

^raunhofer-Institut fur Toxikologie und Aerosolforschung, Hannover,
Germany; 2Fraunhofer Arbeitsgrappe fiir Toxikologie und
Umweltmedizin, Hamburg, Germany; 3Niedersachsisches Institut fur
Peptid-Forschung, Hannover, Germany

Gene amplification of several chromosomal regions is a common
mechanism of altered gene expression in different human cancers. By
causing a selective advantage for tumor cells, amplification and
overexpression of the amplified target genes, including oncogenes, play
an important part in the pathogenesis and prognosis of human cancer.
Beyond that, tumor cells that are resistant to chemotherapy, are often
characterized by the amplification of a small group of genes responsible
for drug resistance. Therefore, a pharmacological prevention of the
formation of gene amplification during progression could perhaps lead
to improvements in cancer chemotherapy.
As virtually all proposed mechanisms for gene amplification involve
recombination, recombination and gene amplification may be causally
related. In accordance with this hypothesis, anti-recombinogenic
substances were able to prevent gene amplification in Chinese hamster
cells. Beyond that, the anti-recombinogen (E)-5-(2-bromovinyl)-2'-
deoxyuridine (BVDU) inhibited the induction of gene amplification
mediated multidrug resistance (MDR) by adriamycin in tumor cells of
mice in vitro. In vivo BVDU strongly enhanced the effects of
adriamycin, i.e., a much larger suppression of the growth of
dimethylbenzanthrazene (DMBA) induced fibrosarcomas and
mammary adenocarcinomas in SD-rats could be observed than with
adriamycin alone. While most tumors of adriamycin treated rats
showed amplification of mdr-\, in tumors of adriamycin + BVDU
treated rats no such amplification could be observed. Western blot
analysis using a murine anti-P-glycoprotein monoclonal antibody JSB-
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1, showed a variant expression of this mdr-\ gene product in the same
way.
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Activation of numerous promutagens by rat and human
sulfotransferases expressed in Salmonella typhimurium
strains and Chinese hamster V79 cells
H. R. GLATT
Deutsches Institut fur Ernahrungsforschung (DIfE), Potsdam-
Rehbruecke, Germany

It is often assumed that phase-I metabolism of xenobiotics is
particularly prone to the formation of reactive, potentially mutagenic,
intermediates, whereas conjugation is more closely associated with
detoxification. This view may be biased due to difficulties in the
detection of bioactivation by conjugation. For example, conjugates are
anionic under physiological conditions and usually do not readily
penetrate cell membranes. Therefore, many reactive conjugates show
strong mutagenic effects only when the are generated within the target
cell. We have expressed seven human and six rat sulfotransferases in S.
typhimurium TA1538. Additionally several of these sulfotransferases
were expressed in V79 cells, alone or in combination with a
cytochrome P450. The formation of DNA adducts and the induction of
gene mutations were used as genetic endpoints in both systems;
additionally micronuclei and sister chromatid exchanges were studied
in V79 cells. Various drugs, phytochemicals, industrial chemicals and
pyrolysis products, or their phase-I metabolites, demonstrated
genotoxicity in these systems, but were inactive in control cells. Large
differences in substrate specificity towards promutagens and in tissue
distribution were detected between different sulfotransferases from the
same species and between related forms from rat and human. These
characteristics can explain the organotropic and species-dependent
carcinogenicity of some chemicals.
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Anticarcinogenesis-mutagenesis studies in Japan
H. HAYATSU
Faculty of Pharmaceutical Sciences, Okayama University, Tsushima,
Okayama Japan

The discovery in 1977 of heterocyclic amine food mutagens by the
National Cancer Center Research Institute, in Tokyo, stimulated
Japanese scientists to study mutagen-inhibitors. The detection of such
inhibitory compounds and elucidation of their mechanisms of action
could eventually lead to creating chemopreventive measures against
carcinogens in humans, hi the early eighties, we at Okayama found that
hemin, chlorophyllin, and other porphyrins can inhibit mutations
mediated by polycyclic compounds in the Salmonella/microsome assay.
We have since demonstrated that the mechanism of this inhibition is
probably through the formation of a tight complex between a mutagen
and a porphyrin. We have also found that polyphenols isolated from
green tea are strong antimutagens. In these studies, assays with direct-
acting mutagens have been employed. The use of these assays has
allowed simple and clear-cut interpretation of the observed inhibitions.
Currently, we are investigating the antimutagenic mechanisms of
several coloring agents and food components. To investigate the
situation in a complete biological system, we have fed Drosophila
melanogaster a mutagen with or without an added antimutagen. Those
porphyrins that were effective in the bacterial assays were indeed
antimutagenic in this model system as well. In addition to Okayama,
many other laboratories in Japan have contributed to identifying
antimutagenic substances and determining their mechanisms of action.
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Search for compounds which inhibit the genotoxic and
carcinogenic effects of heterocyclic aromatic amines:
limitations and predictive value of different
methodologies.
S. KNASMULLER. C.E. SCHWAB, W. HUBER, W.
PARZEFALL, G. HIETSCH, F. KASSIE AND R.
SCHULTE-HERMANN
Institute of Tumorbiology and Cancer Research, University of Vienna,
Vienna, Austria.

Over the last thirty years approximately 200 reports on dietary
compounds have been published which protect against the mutagenic
and carcinogenic effects of heterocyclic aromatic amines (HAAs).
Based on the evaluation of the available data, the various mechanisms
are described schematically and the usefulness of various
methodologies is critically discussed. The mechanisms which attenuate
the mutagenic and carcinogenic effects of HAAs are manifold: They
include inactivation of the amines and their metabolites by direct
binding, inhibition of enzymes involved in the metabolic activation of
the amines, induction of detoxifying enzymes, and interaction with
DNA-repair processes. The majority of antimutagenicity studies ( > 96
%) have been carried out with bacterial indicators (predominantly with
Salmonella strain TA 98) and numerous individual compounds as well
as complex mixtures have been identified in these assays which
attenuate the effects of the HAAs. The most frequently used in vivo
method to detect DNA protective effects, are adduct measurements. To
identify anticarcinogenic dietary factors, aberrant crypt foci assays and
liver foci tests with rats were carried out. The detection spectrum of
conventional in vitro methods with metabolically incompetent indicator
cells is limited: Simple mechanisms such as direct binding of the HAAs
to amines by pyrroles and fibers can be detected with these test
procedures and it has been shown that these compounds cause
antimutagenic/anticarcinogenic effects in laboratory rodents as well.
More complex mechanisms, namely interactions with the metabolic
activation of the HAAs are not adequately represented in in vitro
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assays with exogenous activation mixtures and false negative as well as
false positive results are obtained. More propriate approaches for the
detection of protective effects of dietary components are test systems
with metabolically competent cell lines which reflect the metabolic
activation and detoxification mechanisms e.g. micronucleus assays with
human derived Hep G2 cells. Other promising experimental models are
cytogenetic tests with primary cultures of liver cells and in vivo assays
with rodents such as SCGE tests and DNA adduct measurements.
These latter methodologies enable the detection of protective effect in a
variety of organs. Short time carcinogenicity tests such as the aberrant
crypt foci assay in colon an liver foci tests have been used successfully
to proof that compounds which prevent DNA damage by HAAs reduce
their carcinogenic effect as well, but these test systems are costly and
time consuming and can not be used in screening trials. Over the years,
a large bulk of data on HAA protective compounds has accumulated,
but only for a few of them (e.g. fibers, pyrrols and constituents of teas)
there is sufficient evidence to support the assumption that they are
protective in humans as well.
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Intragenomic heterogeneity of nucleotide excision
repair:implications for mutagenesis
L.H.F. MULLENDERS. A. VAN HOFFEN, M. VAN
OOSTERWIJK, M. VREESWIJK, H. VRIELING, A.T.
NATARAJAN AND A. A. VAN ZEELAND
Leiden University, Leiden-The Netherlands.

Two nucleotide excision repair (NER) subpathways have been
identified: one dealing with lesions in the transcribed strand of active
genes (transcription-coupled repair, TCR), the other performing repair
of bulk chromatin (global genome repair, GGR). For most types of
DNA lesions, the relative contribution of both pathways to repair is not
known. One way to elucidate the mechanisms of both pathways and
their role in mutagenesis is to study structurally different lesions in cell
lines which are only capable to remove DNA lesions by one of the two
pathways. Repair of UV-induced photolesions (pyrimidine dimers
(CPD) and 6-4 photoproducts (6-4PP)) and NA-AAF induced adducts (
dG-C8-AAF) was analysed at the gene level in normal human (TCR
and GGR), xeroderma pigmentosum group C (only TCR) and
Cockayne's syndrome cells (only GGR). These bulky lesions are
targets for TCR but in normal cells TCR only contributes significantly
to repair of CPD. Both dG-C8-AAF and 6-4PP induce strong DNA
helix distortions that might lead to severe inhibition of transcription
initiation and TCR might be absent because of prolonged inhibition of
transcription initiation by these lesions. We propose that upon DNA
damage induction, transcription factor TFIIH becomes involved in
repair and that specific gene products (possible encoded by Cockayne's
syndrome genes) are involved in the conversion of TFIEH back to
transcription initiation. Although TCR is a minor pathway, it has a
profound impact on cytotoxicity and mutagenesis. TCR deficient cells
exhibit enhanced UV induced mutation frequency and the mutation
spectrum ressembles that of TCR and GGR deficient cells rather than
of normal cells. Most of the base substitutions in TCR deficient cells
originate from DNA photolesions in the transcribed strand. Since 6-4PP
are repaired without strand specificity, the results suggest that defective
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TCR of CPD causes the enhanced UV-induced mutagenesis in these
cells.
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Bipartite recognition of DNA damage in human
nucleotide excision repair
H. NAEGEU N. BUSCHTA, T. BUTERIN, M. HESS, C.
RHINER
Institute of Pharmacology and Toxicology, University of Zurich-
Tierspital, Zurich, Switzerland

The main enzymatic reactions of human nucleotide excision repair
(NER) have been explored in detail, but the early recognition steps that
initiate NER by locating DNA damage in the genome are poorly
understood. We used C4' backbone modifications as molecular tools to
dissect this unresolved problem, and found that such non-distorting
lesions stimulate NER enzymes only when combined with one, or more
effectively, three mispaired bases. The mismatches alone, in the
absence of C4' modifications, fail to activate the NER system. Thus,
neither disruption of base pairing nor C4' backbone lesions induce NER
reactions, but the combination of these two substrate alterations
constitutes a potent recognition signal. We propose the term "bipartite
recognition" to denote this requirement for two separate determinants,
i.e. a base pair destabilising defect in DNA conformation accompanied
by a modification of DNA chemistry. Because of this bipartite damage
recognition strategy, human NER is preferentially recruited to
carcinogen-DNA adducts that destabilise hydrogen bonding
interactions between complementary bases. Also, the two-component
discrimination strategy indicates that two distinct recognition subunits
coexist in human NER. Based on their biochemical characterisation,
XPA may constitute a sensor of base pairing stability while the helicase
components of TFIIH may act as sensors of defective DNA chemistry.
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SOS-dependent A-»G transition induced by hydroxyl
radicals generating system hypoxanthine\ xanthine
oxidase\ Fe34\ EDTA is accompanied by increase of
Fapyadenine content in M13 mpl8 phage DNA.
M.-A. GRAZIEWICZ1, T.H. ZASTAWNY2, R. OLINSKI2,
B. TUDEK1

1 Institute of Biochemistry and Biophysics, Polish Academy of
Sciences, Warsaw, Poland; 2 Department of Clinical Biochemistry,
Medical School, Bydgoszcz, Poland

Gas chromatography - mass spectrometry was used to measure
oxidised bases in hypoxanthine\ xanthine oxidase\ Fe3+\ EDTA
modified ssM13 mpl8 phage DNA. The dominant modifications were
formamidopyrimidines FapyGua and FapyAde, followed by 8-
hydroksyguanine, 8-hydroxyadenine and thymine glycol. Survival of
such modified phage DNA was 1% in SOS non-induced E. coli and
increased twice after UV induction of the SOS system. Improvement of
survival in SOS-induced conditions was accompanied by 5-fold
increase of mutation frequency and significant increase of two classes
of base substitutions
A->G and C-»A in the lacZ gene of the phage. G-»A and G-»C
substitutions were also significant but found both in SOS-induced and
non-induced E. coli. Very few G-»T transitions were found. Since
FapyGua and FapyAde were the most abundant base damages in
transfecting phage DNA molecules we suggest that FapyAde when
introduced to DNA may result in point mutations A->G and their
induction is dependent on the SOS-system. The mutagenic potency of
Fapy-Gua is however not clear.
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The role of proofreading subunit of DNA polymerase III
in mutation frequency decline (MFD) repair
E. GRZESIUK AND A. NOWOSIELSKA
Department of Molecular Biology, Institute of Biochemistry and
Biophysics, PAS, Warsaw, Poland

We have observed MFD phenomenon in MMS - induced E.coli argE3
strain. argE3? Arg+ reversion is the result of umuDC - dependent,
supL suppressor formation arising by AT ? TA transversion. In E. coli
dnaQ49 mutated in e subunit of DNA polymerase III MMS induces
reversions which are not subjected to MFD. We have found that in E.
coli dnaQ49 strain transformed with umuD(D?)C plasmids, the repair
of MMS induced lesions depends on the availability of UmuD?C/
UmuD? proteins. There can be at least two explanations of these
observations: (i) the kinetics of repair process is different in dnaQ+ and
dnaQ - . (ii) e subunit'is directly involved in MFD phenomenon. Here
we check the second hypothesis. At 37°C we do not observe decline in
the frequency of MMS induced argE3 ? Arg+ reversions. However, at
permissive temperature of 30°C MFD has been observed. This result
suggests the involvement of e in MFD. The same experiment, but using
UV as mutagen has given even more clear results. At 30°C the level of
UV induced argE3 ? Arg+ mutations decreases six times when
dnaQ49 bacteria are starved after UV irradiation and at 37°C it
increases two times.
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Allelic polymorphism of metabolising enzymes and their
effect on colorectal carcinogenesis.
ll KISS, lL SANDOR, 1G. PAJKOS AND 1I. EMBER
!Dept. of Public Health, University Medical School of Pecs, Hungary;
2MI Central Hospital, Budapest, Hungary

K-ras point-mutations are key points during human colorectal
carcinogenesis, occuring mainly in codon 12, 13 and 61. Their presence
and distribution may influence the biological properties of the tumours,
and might serve as a prognostic marker.
Differences in individual susceptibility to external carcinogens may
lead to different prevalence and distribution of point mutations in the
tumours. A suspected factor modifying the individual sensitivity is the
allelic polymorphism of certain metabolising enzymes. In the present
study we investigated the association between genetic polymorphism of
CYP 1A1, CYP 2E1, and GSTM1 enzymes and occurrence of point
mutations in sporadic colorectal cancers.
DNA was isolated from deparaffmised sections of 90 colon tumours.
Genetic polymorphisms were determined by allele-specific polymerase
chain reaction (PCR), or by PCR - restriction fragment length
polymorphism. K-ras mutations in codon 12, 13, and 61 were detected
by mutant-allele-specific amplification.
Genetic polymorphism of the investigated genes showed an association
with presence of point mutation in K-ras oncogene (OR 1.75 for CYP
2E1 and codon 12 mutations, OR 1.49 for GSTM1 and codon 12
mutations). Polymorphism of metabolising enzymes influence the
presence of point mutations in sporadic colon tumours, and might be
used not only as susceptibility but also as prognostic marker in
colorectal cancer.
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Influence of interactions between homologous
chromosomes on the formation of radiation induced
chromosomal aberrations.
F. MARCON. J.BOEI AND A.T. NATARAJAN
MCG, Dept. Radiation Genetics and Chemical Mutagenesis, Leiden
University, Leiden, Netherlands.

Two main pathways for the repair of DNA double strand breaks (DSB)
are (a) end to end rejoining repair and b) homologous recombinational
(HR) repair. In mammalian cells it is not yet well understood the role of
HR in DSB repair. We employed human-hamster hybrid cell lines,
containing one or two copies of human #8 to study this problem. The
hypothesis was that if recombination between homologous
chromosomes contributed to DSB repair, then after X-irradiation, cells
with both the homologues of #8 were expected to show a lower
frequency of aberrations involving this chromosome compared to the
cells with only one #8.
Cells were treated in Gi with 0, 2, 4 Gy of X-rays and the aberrations
were analysed for human #8, as detected by chromosome painting.
Frequencies of exchange aberrations per #8 were 0.3, 5.8, 17.1 and
0.3, 5.2, 14.9 at 0, 2, 4 Gy, in the cells with one and two chromosomes
#8, respectively.
Thus, no significant difference in the frequencies of aberrations
involving chromosome #8 between the two cell lines was observed,
suggesting that, in Chinese hamster cells, recombinational repair
involving homologous chromosomes is not relevant to process DSBs
induced in Gi stage.
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Adaptive protection against oxygen-induced DNA
damage
G. SPEIT. A. ROTHFUSS AND C. DENNOG
Universitatsldinikum Ukn, Abteilung Medizinische Genetik, Ulm,
Germany

Hyperbaric oxygen (HBO) treatment (i.e. exposure to 100% oxygen at
a pressure of 2.5 ATA for a total of 3x20 min periods) of human
subjects causes clear and reproducible DNA effects in the comet assay
with leukocytes. Interestingly, DNA damage was detected only after
the first treatment and not after further treatments under the same
conditions, indicating an increase in antioxidant defences. DNA
damage did also not occur when HBO treatment was started with a
reduced treatment time (20 min) which was then increased stepwise.
We now demonstrate that blood taken 24 h after HBO is well protected
against the in vitro induction of DNA damage by hydrogen peroxide
(H2O2). H2O2 - treatment caused a significant induction of DNA effects
in the comet assay and chromosome breakage in the micronucleus test
in the blood of volunteers before HBO. The same treatment did not
cause genotoxic effects 24 h after HBO. This protective effect lasted
for at least one week. Experiments with isolated lymphocytes gave
similar results, indicating that the adaptive response is a cellular effect.
The cells were not comparably protected against the genotoxic effects
of gamma irradiation, suggesting increased scavenging of reactive
oxygen species distant from nuclear DNA.
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Enhanced benzene-induced DNA damage in PMA
stimulated cells in vitro and in LPS treated animals
1J/TUO, 1S. LOFT AND 2HENRIK E. POULSEN
'Department of PharmacologyPanum InstituteUniversity of
Copenhagen, Denmark; 2Department of Clinical Pharmacology Q7642,
Rigshospitalet, Copenhagen Denmark

The study investigated the interaction between inflammatory reactions
and benzene in vitro and in vivo with respect to oxidative DNA
damage. In the in vitro models the oxidative burst of cells was induced
by the pre-treatment with phorbol myristate acetate (PMA) and in the
in vivo models of inflammation mice were pre-treated with
lipopolysaccharide (LPS). The DNA damage was indicated by 8-oxo-
7,8-dihydro-2'-deoxyguanosine (8-oxodG) and strand breaks assessed
by single cell gel electrophoresis (Comet assay). The results showed
that combined PMA and benzene enhanced the level of 8-oxodG in
DNA from mouse bone marrow cells by 197%, from human
lymphocytes by 188% and from human neutrophils by 205% (all p
values<0.05). Pre-treatment of mice with LPS and benzene resulted in
an enhanced DNA break formation in bone marrow cells by 98% and
in lymphocytes by 39% in Comet score (all p values<0.05). The effects
of the combined treatment with PMA/LPS and benzene exceeded the
sum of the effects induced by PMA/LPS or benzene alone. The
production of nitrate/nitrite showed a two fold increase in the
supernatant from incubation of benzene and PMA-pretreated
neutrophils. The 8-oxodG formation correlated with nitrite/nitrate
production (r=0.7182, p<0.05), indicating a possible relationship
between benzene-induced DNA damage and the generation of reactive
nitrogen species.
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Influence of EPHX codon 139 polymorphism on DNA
adduct level and HPRT mutant frequency in lymphocytes
from coke-oven workers
^.VIEZZER, 'HIRVONEN, 2 H. NORPPA, H.2 L
CELOTTI
1 Department of Biology, University of Padova, Italy;2 Finnish Institute
of Occupational Health, Helsinki, Finland.

In a previous study, the mean number of DNA adducts, measured by
32P post-labelling assay, was found to be significantly higher in
peripheral blood lymphocytes of coke-oven workers than in non-
exposed donors. Mutant frequency at the HPRT locus was also
somewhat elevated in the coke-oven workers in comparison with the
controls, but the difference was not statistically significant. In the
present study, we determined Hisn9Arg substitution polymorphism of
the microsomal epoxide hydrolase gene (EPHX) in 68 coke-oven
workers. In the literature, this polymorphism has been associated with
an increase in microsomal epoxide hydrolase activity, which in the case
of polyaromatic hydrocarbons could result in an enhanced formation of
genotoxic diol epoxides. The EPHX genotype did not significantly
affect the amount of DNA adducts or HPRT mutation frequency,
although 60% of subjects with a high level of DNA adducts (above
median value) were either homozygous or heterozygous for Argi39.
Analyses of another EPHX polymorphism (TyrmHis) which has been
suggested to decrease microsomal epoxide hydrolase activity are
underway and may affect the outcome of this study.
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Inhibition of gene specific repair in UV-irradiated human
fibroblasts by arsenic(III)
Y.S. HIEMSTRA1. U.D. GROBLINGHOFF1, L.H.F.
MULLENDERS2 AND A. HARTWIG1

'Universitity of Bremen, Department of Biology and Chemistry,
Bremen, and 2MGC-Department of Radiation Genetics and
Mutagenesis, Leiden University, Leiden, The Netherlands

Although arsenic compounds are widely distributed environmental
contaminants and known to be human carcinogens, they are not
mutagenic in bacterial and mammalian test systems. However, in
combination with other DNA damaging agents, like UV radiation, they
increase their mutagenicity and clastogenicity. Furthermore, previous
investigations have shown that arsenic(III) inhibits nucleotide excision
repair by interfering with the incision step at low and with the ligation
step at higher concentrations.
In the present study we investigated the effect of arsenic(III) on the
gene specific and transcription-coupled repair after UV-irradiation. By
applying a non-radioactive detection method established in our
laboratory, we observed that NaAs2O3 (10 uM) inhibits the repair of
cyclobutane pyrimidine dimers in the active ADA gene after UV-
irradiation (10 J/m2). This effect was most pronounced in the first 8
hours, whereby after 24 hours less inhibition occurred. However, in the
transcriptionally inactive locus 754 repair was still inhibited after 24
hours. Moreover, repair replication studies carried out in XPC cells
revealed an inhibition of transcription-coupled repair by arsenite as
well. Our results indicate that the arsenite-induced repair inhibition
affects all distinct sub-pathways of nucleotide excision repair.
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Seasonal variation in DNA damage by the alkaline comet
assay in lymphocytes. A possible effect of sunlight
PETER M0LLER
National Institute of Occupational Health, Denmark

We investigated the role of individual variation of DNA repair capacity
as a susceptibility factor of skin cancer among psoriasis patients. DNA
damage measured by the comet assay, and UV-induced UDS was
studied in quadruples of skin cancer patients with and without
psoriasis, and referents with and without psoriasis.
It happened that that during the study period, the first month was
cloudy and cold, and the following months were warm and sunny.
The results revealed that both an increased tail moment ™ in in the
comet assay, an increased UV-induced UDS during the sunny part of
the study period. A positive correlation between TM and UDS was
found.
To provide a better measure for the intensity of the sunshine, data on
the daily influx of sunlight were obtained from the Danish
Meteorological Institute. Both the TM and UDS displayed a positive
correlation with daily flux of sunlight. We are presently studying the
seasonal effect by comet assay in 21 individuals over a whole year.
Preliminary results seem to confirm the previous finding.
We suggest that exposure to sunshine is the main factor for seasonal
variation.
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The rate of starvation - associated mutations is enhanced
in Escherichia coJi dnaQ49DumuDC strain
A. NOWOSIELSKA AND E. GRZESIUK
Department of Molecular Biology, Institute of Biochemistry and
Biophysics, Warsaw, Poland

Mutagenesis is described as the appearance of mutations in
exponentially growing cultures of micro-organisms. Adaptive mutations
arise in non - dividing or slowly growing stationary phase cells.
We have studied this type of mutations in E. coli argE3 strains on
minimal plates lacking arginine (E-arg). They are not true adaptive
mutations, therefore they are designated as starvation - associated or
slow growing mutations. In E. coli AB1157 strain the amount of MMS
- induced Arg+ revertants stays on the same level during 10 days of
incubation on E-arg plates. The same result has been obtained in the
case of AB1157 dnaQ49 strain mutated in e subunit of DNA
polymerase III. Surprisingly starvation - associated mutations appear in
dnaQ49 mutant with deletion of umuDC operon. Extremely high level
of these mutations has been observed in the case of AB1157
dnaQ49DumuDC harboring pGW2123 plasmid bearing umuD?C
genes.
We conclude that the high level of starvation - associated mutations is
connected with impossibility of mutasom formation under conditions of
invalid e subunit and absence of UmuD(D?)C proteins. The presence of
plasmid bom UmuD?C proteins in AB1157 dnaQ49DumuDC strain
increases the level of slow growing mutations but is not able to replace
chromosomal umuDC operon products in their role in DNA repair.
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Repair and Persistence of DNA Damage in Chromosomes
With Diverse Gene Densities: Insights From Normal and
Xeroderma Pigmentosum Cells Using Reverse FISH*
J. SURRALLES
Department of Genetics and Microbiology. Edifici Cn, Universitat
Autonoma de Barcelona, Barcelona, Spain.

Gene density reflects the heterogeneity of diverse chromosomes in
terms of genetic activity and chromatin structure. Assuming that DNA
repair is highly influenced by chromatin structure and genetic activity,
we hypothesized that high gene density chromosomes would be
preferentially repaired. Gene density was visualized by FISH with a
CpG island enriched probe we isolated from genomic DNA.
Chromosomes 1 and 19 (high gene density) and 4 and 20 (low gene
density) were selected for further studies where we observed an
increase in the frequency of excision repair events in chromosomes
with increasing gene density suggesting they are preferentially repaired.
To confirm this finding, repaired DNA fractions were isolated from
UV-irradiated excision repair deficient XPC cells, which are proficient
in transcription coupled repair(TCR). The repaired DNA was used as a
probe to map the repaired DNA directly into the chromosomes by
FISH. We found the majority of repair clusters in high gene density
chromosomes. On the other hand, in a time-pulse study, we found that
X-ray induced chromosome abeiTations involving high gene density
chromosomes were slightly less stable, probably due to gene truncation
or position effects. The inactive chromosome was also investigated as a
model to study heterogeneous DNA repair.
*This abstract is the subject of the 1998 EEMS- Young Scientist Award
Lecture. The Award is dedicated to Prof. A.T. Natarajan at the time of
his retirement.
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Mutant frequency at the hprt gene locus within cultured
lymphocytes from patients with Insulin Dependent
Diabetes Mellitus
C.A. WARNOCK1, M.P.A. HANNON-FLETCHER1, E.S.
GILLESPIE3, M.J. O'KANE2, K.W. MOLES2, C.R.
BARNETT1 AND Y.A. BARNETT1

'Cancer and Ageing Research Group, University of Ulster at Coleraine,
Northern Ireland; 2Altnagelvin Area Hospital, Londonderry, Northern
Ireland;. 3School of Mathematics and Computing, University of Ulster
at Jordanstown, Newtownabbey, Northern Ireland.

Humans are constantly exposed to a wide variety of environmentally-
derived and endogenous insults, some of which have the potential to
damage our genetic material. Defence systems, e.g. antioxidants, stress
response, and DNA repair systems exist which attempt to minimize
genetic damage load in vivo. In a previous study of patients with insulin
dependent diabetes mellitus (IDDM) we found altered antioxidant
status (decreased levels of vitamin A, glutathione peroxidase and uric
acid) and increased levels of DNA damage within whole blood
(Hannon et al. 1998). DNA damage can potentially be detected and
repaired. If the DNA damage detection systems or DNA repair
pathways do not function properly, then DNA damage may persist and
may become fixed as mutations. The accumulation of mutations may
lead to the process of carcinogenesis, but may also contribute to the
development of other pathologies. The aim of this investigation was to
establish if the observed alterations to in vivo antioxidant status within
IDDM patients was accompanied by an increased frequency of
mutations in vivo. We used a cloning assay to determine the mutant
frequency at the hypoxanthine phosphoribosyl transferase (hprt) locus
within lymphocytes from 13 IDDM patients (4 females, mean age
42.5+19.2; 9 males, mean age 47.8+7.08) and 13 control(6 females,
mean age 37.33+1.21; 7 males, mean age 43.42+8.02, none of whom
had a family history of diabetes). Our results did not show any
significant difference between the log mean MF of the IDDM patients
(0.95+0.33) and the control values (0.74±0.11, t=0.038, p>0.05
Student's t-test at the 5% significance level). These results suggest that
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increased levels of DNA damage in lymphocytes of IDDM patients are
not sufficient to result in a significantly enhanced hprt mutant
frequency in vivo, or that the increased basal levels of DNA damage in
whole blood of IDDM patients was not due to increased levels of DNA
damage within the lymphocytes. This latter possibility is currently
under investigation.
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Micronucleus test in vitro with V79 cells - results from a
collaborative study with 11 laboratories
W. VON PER HUDE. S. KALWEIT AND S. MADLE
Federal Institute for Health Protection of Consumers and Veterinary
medicine, BGVV, Berlin, Germany

The micronucleus test (mnt) in vitro detects both clastogem'c and
aneugenic potentials of agents in mammalian cells. For the moment, the
main disadvantage for introducing the mnt in vitro into official test
guidelines seems to be the disparity of existing protocols. To contribute
to the aim of standardization we studied in a first approach with two
laboratories the applicability of different protocols with v79 cells and
several parameters which might obscure results. Based on this
experience a standard operation procedure was developed to serve for
an extended highly standardized ring trial with eleven participating
laboratories. 25 substances are tested in a coded manner by this trial.
Test substances were selected on the availability of reliable data from
tests for chromosomal aberrations in mammalian cells in vitro and the
micronucleus test with mice. The set of substances represents
aneugenic, clastogenic and negative substances according the published
data. Colchicine and cyclophosphamide serve as positive controls.
Three substances are tested by all members whereas the other
substances were randomly distributed in a way that at least three labs
test one substance in parallel. Results from the first three substances
already confirm the good reproducibility of the test protocol. Further
results and detailed analysis will be discussed.
Funded by the German ministry for research by grant n° 0310819
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M6P/IGF2R and Cancer Risk Assessment
R L. JIRTLE
Department of Radiation Oncology, Duke University Medical Center,
Durham, USA

The mannose 6-phosphate/insulin-like growth factor II receptor
(M6P/IGF2R) functions in the intracellular trafficking of lysosomal
enzymes, the activation of the growth inhibitor, TGFp, and the
degradation of the mitogen, IGF2. Thus, this receptor normally
functions as a "guardian of the cell" by controlling the extracellular
levels of potent growth factors and proteolytic enzymes that govern cell
death, proliferation and invasion. We have recently demonstrated that
the M6P/IGF2R is also frequently mutated in liver and breast cancer.
Furthermore, the M6P/IGF2R gene contains a poly-G region which is a
common mutational target in colon, gastric and endometrial tumors
with mismatch repair deficiencies. These results provide compelling
evidence that the M6P/IGF2R functions as a tumor suppressor gene in
a variety of human cancers. Since M6P/IGF2R inactivation is an early
rather than a late oncogenic event it provides a novel genetic target for
assessing cancer risk of both chemical and physical agents. Factor II
receptor is an early event in liver carcinogenesis.
(This research was funded in part by NIH Grants CA25951 and
ES08823, Zeneca Pharmaceuticals, Ltd. And Sumito Chemical Co.,
Ltd.)
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A SFTG Collaborative International Study on in vitro
Micronucleus Test, using human lymphocytes and CHO,
CHL and L5178Y cell lines
G. LORENZON1, E. LORGE2. D. MARZIN3 AND V.
THYBAUD4

1 Hoechst marion roussel France, Genetic and Cellular Toxicology,
Romainville Cedex, France; 2 Biologie Servier, Fleury les Aubrais
Cedex, France; 3 Institut Pasteur, Lille Cedex, France; 4 Rhone-
poulenc rorer, Vitry-sur-Seine, France

During the last months, the in vitro micronucleus test has generated a
lot of interest and debate as a possible alternative to the in vitro
chromosome aberration test in the 3-test battery recommended by ICH
guidelines for new drugs, and for the detection of aneuploidy. A new
OECD guideline is currently in preparation. The present study is co-
ordinated by the French Branch of the EEMS (SFTG) and so far more
than 40 laboratories mainly from Europe, Japan and USA will
participate. The main objectives are :to better assess the ability of the in
vitro micronucleus assay to detect known clastogens and aneugens
using the different cell types currently employed in regulatory studies
(human lymphocytes and CHO, CHL and L5178Y cell lines), to
challenge the actual need of cytochalasin B in experiments with cell
lines, to define suitable treatment-harvest schedules. About ten
compounds, including clastogens, aneugens and negative compounds
mainly selected from the Collaborative Mouse Lymphoma Assay trials,
are being tested on the four different cell types. Each compound has
been coded and is tested by two different laboratories. The experiments
will be completed by the end of the year. This collaborative study is
expected to provide valuable information to help to make
recommendations for a standard protocol.

57



Identification of nongenotoxic carcinogens in liver cell
cultures
P. MAIER, N. MILOSEVIC AND H.P. SCHAWALDER
Institute of Toxicology, Swiss Federal Institute of Technology,
Schwerzenbach, Switzerland

Nongenotoxic Carcinogens interact with tissue homeostasis via
perturbation of the mitosis/apoptosis balance. Stimulation of mitosis
results in a more efficient stabilisation of spontaneously derived DNA
lesions, whereas the inhibition of apoptosis lead to the accumulation of
the critical number of mutations. The most vulnerable organ in
carcinogenicity testing in rodents is the liver. Nonparenchymal cells,
particularly Kupffer cells might play an important role. Investigations
were carried out with hepatocytes cultured on a complete, organ-
specific substratum (crude membrane fraction) and with cocultures
between hepatocytes and Kupffer cells. The functionality of Kupffer
cells was tested after exposure to LPS (lng/ml - lOug/ml) and that of
hepatocytes after exposure to the nongenotoxic rodent carcinogen
phenobarbital (50uM: CYP2B1 induction, 24 hrs). Conditions chosen
results in growth arrested cells, expressing their liver specific functions.
In hepatocyte cultures, the differential downregulation of an
endogenous (EGF) and of a mitogenic rodent liver carcinogen
(cyproterone acetate = CPA) derived mitogenic stimuli was compared.
The two mitogens induce their activity in different cell populations.
Downregulation of the carcinogenic mitogen (CPA) requires a 3-5 fold
higher TGFbl concentrations than that of the endogenous (EGF)
stimuli. This reduced sensitivity against negative growth control signals
might provide an advantage for preneoplastic cells. In cocultures, the
LPS induced NO production in hepatocytes, induced via the Kupffer
cells derived TNFa, rised up to lOOfold above control levels. Possible
pathways of nongenotoxic carcinogens via nonparenchymal cells will
be discussed.
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Apoptosis: induction in human fibroblasts and
keratinocytes from normal and DNA-repair defective
donors
C.F. ARLETT, E.P. CAPULAS, P.H. CLINGEN, C.J*
NORBURY, AND C. PETIT-FRERE
MRC Cell Mutation Unit, University of Sussex, Brighton, U.K.; *
ICRF Institute of Molecular Medicine, University of Oxford, Oxford
,U.K.

Programmed cell death or apoptosis is frequently invoked as a cancer
avoidance mechanism whereby cells carrying potentially carcinogenic
mutations are voided from the system. We questioned whether the
induction of apoptosis is a universal response of human cells to two
proven mutagens; ultra-violet (UVB) and ionising (gamma) radiation
using in situ end-binding and time lapse videomicroscopy. Two
categories of cells were examined, fibroblasts or keratinocytes derived
from normal or radiation hypersensitive DNA repair defective donors.
We were also able to utilise immortalised derivatives as surrogate
cancer cells. With normal or xeroderma pigmentosum (XP) fibroblasts
UVB induces apoptosis in transformed but NOT primary cultures, the
XP cells did not prove dramatically more susceptible. Both primary and
transformed keratinocytes proved susceptible to induced apoptosis with
UVB, the transformed cells exhibiting greater sensitivity. XP
keratinocytes derived ex-vivo were significantly more sensitive than
normal cells. For gamma radiation, with the exception of transformed
keratinocytes no induced apoptosis was evident. Ataxia-telangiectasia
fibroblasts were not hypersensitive to induced apoptosis. These results
reveal the heterogeneity of the apoptogenic response between either
cell type, primary or transformed, and suggests that this end-point
cannot be considered a universal response to DNA damage.
This study was supported by an E. C. Research Contract ENV4-CT95-
PL950675
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Human hepatoma (HepG2) cell system, an alternative to
use of vertebrate animals in mutagenicity testing, from
gene mutation to apoptosis
F. DARROUDI1, CM. MEIJERS1, A.D. ROSSI1, S.
KNASMUELLER2, ML, NOTEBORN3'4, A. PIETERSEN3'4,
A. J. VAN DER EB3 AND A.T. NATARAJAN1

'MGC, Department of Radiation Genetics and Chemical Mutagenesis,
Leiden University, The Netherlands. 2Instirute of Tumor Biology and
Cancer Research, University of Vienna, Austria, 3MGC, Department
of Molecular Cell Biology, Leiden University, The Netherlands, 4Leadd
BV, Leiden, The Netherlands.

We have demonstrated that Hep G2 cells can be used as metabolic
activation system as well as target for evaluating DNA damage, and
isolated S9-fractions from HepG2 cells to investigate their ability to
activate promutagenic carcinogens using Chinese hamster ovary (CHO)
cells in vitro and Ames Salmonella assay. Different biological end-
points, such as sister-chromatid exchanges, micronuclei in binucleated
cells, cytotoxicity and gene mutation (at HPRT locus) were used. The
mutagenic potential of vinyl- and ethyl-carbamate, hexamethyl-
phosphoramide (HMPA), safrole, dimethylbezanthracene,
dimethylanthracene, anthracene and etoposid (VP16) were studied.
Positive results were found with all chemicals used in this study, except
with the non-carcinogen, anthracene, hi Ames Salmonella assay the
mutagenic potential of HMPA and safrole was also dependent on the
concentration of HepG2 S9-fractions. In addition, tests were developed
to detect apoptosis in human HepG2 cells. In HepG2, VP16 could not
induce cell death by apoptosis as detected with propidium iodide
staining. However, after pre-treatment of HepG2 cells with sodium
butyrate, VP16 induced apoptosis indicating that HepG2 cells may
require a pre-activation of the apoptotic machinery and that can be
provided with sodium butyrate. Interestingly, we have also found that,
Apoptin, an avian virus-derived protein, induces very efficiently
apoptosis in HepG2 cells. In various other human
transformed/tumorigenic cells, Apoptin was proven to induce
apoptosis, whereas chemotherapeutic agents failed, due to non-



functional p53 (Hep3B), over expression of antiapoptosis proteins,
such as Bcl-2 (DOHH-2) or BCR-abl (K562). The results obtained
indicate that human HepG2 cells and their S9-fractions are more
efficient in activating different classes of indirectly-acting promutagens
than the one derived from rat liver fractions. The apoptosis study may
shed some light on the mechanisms involved in tumor cells resistant to
chemotherapeutic drug.
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Detection of in vivo genotoxic effects of etoposide and
chlorothalonil by the comet assay
T. GODARD11 V. FESSARD1, S. HUET1, A. MOUROT1,
J.M. POUL1 AND P. GAUDUCHON2

'CNEVA (Centre National d'Etudes Veterinaires et Alimentaires),
Javene Fougeres, France; 2CJF-INSERM grecan, Centre Regional
Francois Baclesse,, Caen cedex 05, France

The comet assay seemed to be an appropriate technique for the
detection of in vivo genotoxicity of different products. In this study, we
wanted to determine the capacity of the comet assay to detect the
potential target organs of etoposide, a topoisomerase II inhibitor and
chlorothalonil, a fungicide. For chlorothalonil, no DNA damage could
be detected on the whole blood, the bone marrow, the liver, the kidney
and the intestine. Nevertheless, an augmentation of DNA strand breaks
was detected on thymocytes 2 hours after oral injection of 200 and
2000 mg/kg of chlorothalonil. Those damages could not be observed
any more 6 and 24 hours after the injection. An augmentation of DNA
damage was also observed on bone marrow 1 hour after intraperitoneal
injection of 5 mg/kg of etoposide. This augmentation was weaker after
4 hours and disappeared after 24 hours. With 50 mg/kg of etoposide,
DNA strand breaks were also observed on the whole blood, the bone
marrow, thymocytes, liver cells and intestine 1 hour after the treatment.
The presence of « highly DNA damaged cells » was important in few
organs (on intestine for instance) and could be related to death cells.
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Usefulness of primary rat hepatocytes in genotoxicity
testing of pharmaceutical and environmental compounds
J. TOPINKA1. R.J. SRAM1, T. WOLFF2 AND L.R.
SCHWARZ2

'Laboratory of Genetic Ecotoxicology, Institute of Experimental
Medicine ASCR, Czech Republic; 2Institute of Toxicology, GSF-
Forschungszentrum, Neuherberg, Germany

Primary cultures of rat hepatocytes were used to study the bioactivation
of some steroidal drugs and environmental carcinogens. The test
compounds were incubated for 6 hours in mM concentrations and the
formation of DNA adducts was measured using the 32P-DNA
postlabelling technique. The antiandrogenic drug, cyproterone acetate,
formed high levels of DNA adducts in hepatocytes of female rats, while
hepatocytes from male rats showed 40-fold lower adduct levels.
Chlormadinone acetate and megestrol acetate, two structurally related
drugs, formed DNA adducts at 50- and 80-fold lower levels,
respectively. Similar relationship between the adduct levels were
observed, when the compounds were administered in vivo suggesting
that hepatocyte cultures may serve as a reliable model for the in vivo
situation. Hepatocytes from male rats were used to analyse the
formation of DNA adducts by some environmental polycyclic aromatic
hydrocarbons (PAH) and nitro-PAH. Highest adduct levels were found
with 6-nitrochrysene, 4-nitropyrene and 3-mtro-fluoranthene, while
benzo[a]pyrene, benz[a]anthracene and benzo[b]fluoranthene caused
about 10-fold lower adduct levels. Pre-treatment with TCDD, a
powerful inducer of cytochrome P450 1A1, almost abolished nitro-
PAH-derived DNA adduct levels but strongly increased the level of
PAH-derived adducts. TCDD-pre-treatment of hepatocytes thus seems
to be a suitable method to differentiate between PAH- and nitro-PAH-
derived DNA adducts.
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Arabidopsis thaliana a workhorse for plant comet assay
K.J. ANGELIS AND M. STANKOVA
Institute of Experimental Botany, Praha, Czech Republik

Arabidopsis thaliana because of its small genome size (app. 1 x 108
bp), genetic characterisation, possibility of genetic manipulation and
modest requirement for propagation is at present the most widely used
model plant. Moreover availability of well characterised mutants and
of assay for mutagenesis makes this plant particularly suitable for the
study of DNA damage and repair. We have adopted comet assay for
this type of studies with Arabidopsis plants in such a way that the assay
can be performed in less then 10 days after seeding. We used N'-
methyl-N'-nitrosourea (MNU) to show in Arabidopsis quick repair of
DNA damage detected under neutral conditions and a persistence of
DNA damage for more than 24 h under alkaline conditions of an assay.
We also show that Arabidopsis comets are good "substrates" for FISH
studies of signal distribution between head and tail with various probes.
Work supported by Grant Agency of the Czech Republic
(521/96/0396, 204/97/0154, 203/98/0682)
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Induction of somatic damage as measured by the comet
assay in tobacco plants
T. GICHNER1. 0. PTACEK1, D. STAVREVA1, J.
VELEMINSKY1, M. J. PLEWA2,
1 Institute of Experimental Botany, Prague, Czech Republic,
2University of Illinois at Urbana-Champaign, U.S.A.

As plant cells have a cell wall, the primary difficulty in using the comet
assay with plant material is isolating undamaged nuclei from the cells.
We developed a method to isolate nuclei from leaf tissue of tobacco
(Nicoticma tabacum) (ai+/ai; a2+/a2) that resulted in a constant, low tail
moment values for the negative controls. After treating intact tobacco
plants with 1-8 mM ethyl methane sulfonate (EMS) we obtained a
direct concentration-response with an average median tail moment of
65.9 um for plants exposed to the highest EMS concentration as
compared to the median control tail moment value of 4.1um. Tobacco
seedlings were treated with EMS in the same manner as used for the
comet assay and mutations were induced in the leaf primordia. The
mean somatic mutant frequency for the control was 1.46 compared to
37.9 mutant sectors/leaf after 8 mM EMS. The comet tail moment
values and the leaf mutant frequency were highly correlated (r = 0.98).
With this sensitive method for nuclei isolation from plant leaves, the
comet assay could be incorporated into in situ plant environmental
monitoring.
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Hands-on workshop on Tradescantia-micronudeus
bioassay for carcinogens
T.-H. MA
Department of Biological Sciences, Western Illinois
University,Macomb, IL USA

Tradescantia (spiderwort) plant is highly sensitive to environmental
mutagens, clastogens and carcinogens. Several different bioassays have
been developed from this plant since the late 1930s. They are
chromosome/chromatid aberration in microspores, chromatid aberration
in pollen tubes, chromsome/chromatid aberration in root tip cells,
micronucleus or sister-chromatid-exchange in root tip cells, stamen-
hair-mutation and micronucleus in tetrads of the meiotic microspore
mother cells. Most of these bioassays can yield results in 24-48 hr
except the stamen-hair-mutation test which requires at least 7 days.The
Tradescantia-stamen-hair mutation and the Tradescantia-micronucleus
tests have been adopted by the International Program on Chemical
Safety (DPCS), WHO for monitoring/screening environmental pollutants
since 1980. Validation study of these two tests were conducted under
the EPCS between 1985-90 and results were evaluated at the St
Petersburg (Russia) conference in 1991. The validation results and the
standard protocol were published in Mutation Research. Practical
application of these two tests for environmental monitoring and
mutagen screening was carried out by the International Program on
Plant Bioassays (IPPB) under the auspices of United Nations
Environment Program (UNEP) after the Qingdao (PRC) hands-on
workshop. Results of the follow-up studies by members of IPPB from
14 different countries have been edited for publication. Current hands-
on workshop will introduce the standard protocol and will obtain
results of the Tradescantia-micronucleus test. A carcinogen,
cyclophosphamide will be used to demonstrate the efficiency and
reliability of the test in a two-day hands-on workshop. (Tradescantia-
stamen-hair mutation bioassay will be demonstrated by the Institute for
Tumorbiology and Cancer Research, University of Vienna, Austria in
the same hands-on workshop.)
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Comets in plants - what do we measure?
M. MENKE1 , K.J. ANGELIS2 AND I. SCHUBERT1

'institute of Plant Genetics & Crop Plant Research, Gatersleben,
Germany, 2Institue of Experimental Botany, Prague, Czech Republic

The Single Cell Gel Electrophoresis (Comet-assay) is widely used to
test for DNA damage. Breaks render nuclear DNA susceptible to
movement by electrophoresis forming 'comet tails' detectable by
fluorescent dyes. The technique was recently adapted for isolated
nuclei of plants.
We compared the comet formation after treatment of Viciafaba nuclei
(embedded in agarose) with various concentrations of either DNase I
(producing SSBs or DSBs at random), Fok I (DSBs mainly at loci of
Fokl element repeats) or Eco RI endonuclease (DSBs at random but
not within Fold elements) under neutral and alkaline conditions. The
resulting comets are used as targets for fluorescence in situ
hybridization with probes detecting specific chromatin domains (Fokl
element-containing heterochromatin loci, NORs, telomeres). The
distribution of FISH-signals between head and tail indicates to what
degree these domains are involved in SSBs/DSBs. This approach
provides insights into the mechanism(s) of comet formation and will
allow after genotoxin exposure in vivo to assess correlations between
comet formation and other effects (DNA adducts, chromatid
aberrations, SCEs) as to dose response relationships and the relative
share of events in distinct chromosome domains.
This work was supported by the DFG (436 TSE 113/23/0) and the Grant Agency of the Czech
Republic (521/96/0396, 204/97/0154, 203/98/0682)
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Validation and quantitation of human biomarkers using
accelerator mass spectrometry
R.C. GARNER
The Jack Birch Unit for Environmental Carcinogenesis, Department of
Biology, University of York, York, United Kingdom

Establishing and quantifying exposure of individuals to environmental
carcinogens/mutagens requires a knowledge of the compounds'
biotrans-formation pathways. This information is often obtained from
animal models in which high doses of the compound are administered
and extrapolations made to low-dose exposure. This approach takes no
account of species differences in metabolism and hence we may be
under- or over-estimating risks. To date, it has not been possible to
ethically administer carcinogens/mutagens to humans due to the
insensitivity of our analytical procedures. This situation has been
radically altered by the development of the technique of accelerator
mass spectrometry (AMS). This nuclear physics procedure permits one
to measure isotopes with high sensitivity (attomole to zeptomole
amounts). We have used AMS to measure the biotransformation and
macromolecular adduct formation of a number of dietary carcinogens in
both animal models and humans. Carcinogens examined include (i) the
human carcinogen aflatoxin Bl and its less potent analogue aflatoxin
B2; (ii) the heterocyclic amine food mutagens MelQx and PhEP; and
(iii) the polycyclic aromatic hydrocarbons benzo(a)pyrene and pyrene.
Each of these compounds appears to have different patterns of
metabolism in humans compared to rats, hi the case of MelQx and
PhEP these differences are substantial; humans forming more of the
activated species than rats as well as forming higher adduct levels. The
implications of these results will be discussed in relation to human
carcinogen/mutagen risk assessment.

73



W2 02

Molecular epidemiology of occupational cancer
K. HUSGAFVEL-PURSIAINEN
Finnish Institute of Occupational Health, Helsinki, Finland

Epidemiological studies have shown that occupational exposures to
carcinogens are associated with excess risk of certain types of cancer.
Research on aetiology and mechanisms of cancer is often conducted
among populations exposed in the work environment, as the exposures
there are better characterised, measurable, and individual exposure
histories are available. Nevertheless, molecular mechanisms of
occupational cancers are largely unknown. Molecular biomarkers are
being increasingly used in studies focused on identification of risk
factors for cancer in exposed populations. It is expected that with
inclusion of biomarkers derived from various stages of carcinogenesis,
we may be able to discover crucial biological alterations associated
with long term exposures to carcinogens, and pathways leading to
tumour formation. DNA damage and mutations of the genes important
in the control of cell growth and differentiation, presumably formed as
consequence of the damage or processing of it, are among the widely
used biomarkers. In addition, interindividual susceptibility is
considered as a major player in the process, affecting, at least
theoretically, each stage. We have conducted molecular epidemiology
studies on cancers associated with occupational or environmental
exposures. We have investigated lung cancer associated with exposure
to tobacco smoke, asbestos fibers at work or with preceding pulmonary
fibrosis related to heavy occupational asbestos exposure. Also, renal
cell cancer from individuals with work-related exposure to gasoline or
diesel fuel was studied. In these studies, p53 mutations and/or
genotypes of polymorphic biotransformation genes have been applied
as the biomarkers relevant for cancer formation and individual
susceptibility.
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Ethical Issues in molecular epidemiology-who owns
individual results
L.E. KNUDSEN
National Institute of Occupational Health, Copenhagen, Denmark and
Danish Medicines Agency, Branshoj, Denmark

Recently molecular epidemiology studies have revealed associations of
increased cancer risk with elevated chromosomal changes in surrogate
tissues of blood lymphocytes. Thus in a Nordic cohort of 1968 subjects
examined for chromosomal aberrations and cancer an elevated
Standardized Incidence Ratio for all cancer in a 8 years follow up
among subjects with 'high' frequency of chromosomal aberrations (CA)
was seen. Future use of results from molecular epidemiological studies
as predictor for human disease is obvious from such studies. Thorough
validation of the predictivity of increased health risk is recommended,
taken individual susceptibility, occupational exposure, lifestyle and
perception of the risk into account. Ethical issues pertaining the
ownership and the rigth to know/not know of individual results become
increasingly relevant to the study persons, the family, the investigator,
the employer and the insurer. Attitudes among lay people to unsolicited
medical intervention was higher than among medical doctors in an
anonymized questionnaire study including three scenarios implying
ethical considerations. These results support that information to study
persons participating in epidemiological studies generating sensitive
information should be thorough and personal.
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Molecular epidemiology of cancer: methodological issues
in study design
R. PUNTONI
National Cancer Institute, Genova, Italy

Molecular epidemiology of cancer is the evolution of the
epidemiological approach in the field of cancer research. Epidemiology
is improved through the development of statistical analysis of the data,
has refined exposure assessment applying new techniques of data
collection, has created specific studies design and finally, has
introduced in the epidemiological studies measurement of biological
variability. New study design have been proposed: the transitional
studies represents a model for biomarkers validation, characterisation
and field application. In the field of cancer aetiology the classic
observational studies (case-control and cohort studies) have been be
reconsidered in terms of selection of cases and controls, definition of
diseases, definition of exposure, study size and power, and in
controlling confounding and effect modification. Molecular
epidemiology approaches permit also an improvement of risk
assessment methodology and preventive intervention.Genetic damage
in population in Northern Bohemia
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Genetic damage in population in Northern Bohemia
R.J. SRAM
Regional Institute of Hygiene and Institute of Experimental Medicine
Acad.Sci.C.R. Prague , Czech Republic

The effect of environmental pollution on human health has been studied
in the complex research project "Teplice Program" analysing the impact
of air pollution on human health in the district of Teplice in Northern
Bohemia, using as matching control the district of Prachatice in
Southern Bohemia. In groups of women, working outdoors, personal
exposures to fine particles and polycyclic aromatic hydrocarbons
(PAH) were correlated with excretion of PAH metabolites in urine,
urine mutagenicity, PAH-DNA adducts in white blood cells, DNA
damage in lymphocytes, chromosomal aberrations, SCE, and
glutathione-S-transferase Ml (GSTM1) genotypes. Multifactor analysis
of variance showed that the effect of personal exposure to PAHs on the
variability of biomarkers (DNA adducts, comet parameters, urine
mutagenicity) might be higher that the effect of GSTM1 genotype. A
study of the effects of exposure on pregnancy outcome found an excess
prevalence of intrauterine growth retardation (IUGR) in Teplice.
Selected biomarkers were analysed in venous blood, cord blood (comet
assay) and placenta (DNA adducts, metabolic genotypes GSTM1 and
N-acetyl transferase 2 (NAT2) of women enrolled in a nested case-
control study. DNA adduct level was higher in Teplice vs. Prachatice,
in smoking vs. non-smoking mothers, and in GSTM1 null genotype,
which was more pronounced in polluted district. Using comet assay, no
effect of GSTM1 was observed. All these results indicate that air
pollution may increase DNA damage in human population, which may
be even higher for susceptible groups.
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Understanding molecular responses to environmental
exposures in aquatic animal models: studies using the
medaka fish (Oryzias latipes) and the soft-shell clam (Mya
arenaria)
R.J. VAN BENEDEN1, L.D. RHODES2, L.L. CLEPPER1

AND G.R. GARDNER3

'Department of Biochemistry and the School of Marine Sciences,
University of Maine, USA; 2NOAA/NMFS, Northwest Fisheries
Science Center, Seattle, USA; Environmental Protection Agency, USA

We are investigating the molecular responses of aquatic animals
exposed environmental contaminants. Our fish model is the Japanese
medaka {Oryzias latipes), which has been used for carcinogenicity
testing for decades. We are addressing the role of cellular oncogenes
and tumor suppressor genes in the development of tumors in medaka
exposed to known carcinogens. We have cloned both the medaka p53
tumor suppressor gene and rets cellular oncogene which show strong
conservation of the predicted amino acid sequences. Preliminary
screening of MNNG-induced tumors revealed no mutations in the p53
gene DNA-binding Domains IV and V. We have expanded these
studies to examine other areas of the p53 gene and the ras gene.
Germinomas in soft-shell clams (Mya arenaria) have been found at
high prevalence (20-40%) in populations in eastern Maine. Their
etiology is unknown. We have investigated the hypothesis that
environmental contaminants, such as tetrachlorodibenzo-p-dioxin
(TCDD), may play a role in tumor development. To test this idea, we
performed a 24-hour water-column exposure of M. arenaria to 10 pptr
or 2,000 pptr [3H]TCDD. Using differential-display PCR, we
identified potential alterations in expression of genes associated with
cell proliferation: heparan sulfate proteoglycan, E3 ubiquitinating
enzyme and p68 RNA helicase/initiation factor eEEF-4A. There were
no observable histopathological alterations. These results suggest
possible early changes in gene expression indicative of environmental
exposures.
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Accumulation of deleterious mutations and extinction of
small populations
R. BURGER

In this talk, recent theoretical work will be reviewed that is concerned
with the population-genetic consequences of recurrent deleterious
mutations. I shall also review recent experimental work on the rate and
the effect of deleterious mutations. It may concluded that sexually
reproducing populations of effective sizes up to several hundreds may
face a large risk of extinction from the accumulation of mildly
deleterious mutations, the mean time to extinction being on the order of
a few hundred generations. A doubling of the deleterious mutation rate,
as can result from the release of mutagenic pollutants by human
activity, is expected to reduce the longevity of a population by about
50%.
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Determining the consequences of genotoxin exposure the
benthic flatfish species dab Limanda limanda and
flounder Pleuronectes flesus
J.S. HARVEY1. B.P. LYONS2 AND J.M .PARRY1

'Centre for Molecular Genetics and Toxicology, School of Biological
Sciences, University of Wales Swansea, UK.; 2Centre for Environment
Fisheries and Aquaculture Science, Lowestoft, Suffolk, UK

Studies have been conducted to attempt to understand the
consequences of genotoxin exposure in fish and to strengthen the
interpretation of fish disease surveys with respect to the mechanisms
involved in chemically induced carcinogenesis. L. limanda and P.
flesus were sampled from offshore and estuarine sites of contrasting
levels of sediment and water column associated chemical
contamination from around the British Isles. Various biomarkers were
measured in these samples, bile samples were analysed for the
presence fluorescent aromatic compounds, while liver samples were
analysed for ethoxyresorufin-O-deethylase (EROD) activity and levels
of DNA adducts. The levels of these biomarkers in the species
appeared to reflect the levels of genotoxic compounds detected in the
sediments from the sample sites. The development and validation of
methodologies to determine the possible consequences of genotoxin-
DNA adducts were conducted. These studies indicated that
benzo[a]pyrene induced DNA adducts led to the induction of DNA
base mutations in the p53 tumour suppressor gene of P. flesus. These
studies coupled with the analysis of the mutational spectra present in
archived tumour tissue, chemically induced tumour tissue and samples
of fish tissue collected from heavily contaminated environmental sites
are being used to establish evidence for genotoxin induced genetic
damage in fish stocks.
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Detection of genotoxins in the marine environment
adoption and evaluation of an integrated approach
A.N. JHA. V.V. CHEUNG, M.H. DEPLEDGE, M.E.
FOULKES & S.J. HILL
Plymouth Environmental Research Centre, University of Plymouth,
Drake Circus, Plymouth, UK

Detection of potential genotoxic agents in the aquatic environment
traditionally relies upon chemical analyses. In order to assess the
integral effects of genotoxins on the ecosystem, important eco-
genotoxicological questions need to be addressed. These include (i)
how chemical analyses complement genotoxicological endpoints; and
(ii) how these endpoints compare with other parameters at various
levels of biological organisation. Bearing in mind the challenges and
limitations of biological monitoring, different approaches have evolved
to assess hazard and environmental quality. One of these approaches,
the "triad approach", incorporates the comparison of site chemistry,
laboratory bioassays and in situ biological measurements. In this study,
chemical analyses of sediment samples collected from a small harbour
in the UK was calculated. The genotoxic effect of these samples on the
embryo-larvae of two marine invertebrates Platynereis dumerilii (a
polycheate worm) and Mytilus edulis (a bivalve mollusc) were
examined. A bacterial test, Microtox , was used to measure the level of
toxicity at a microbial level. A comparison was made to assess the
relative sensitivity of the chemical, microbial and biological methods
for the detection of genotoxins, and have used the suite of techniques
and the burden of evidence to assess the overall environmental quality
based on these sets of measurements.
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The genotoxicating effect of environmental inhibitors of
multixenobiotic defence mechanism
B. KURELEC L. STOJLE, AND S. BRITVLE
Ruder Boskovic Institute, Department for Environmental Research,
Zagreb, Croatia

Aquatic organisms (mussels, oysters, snails, worms, sponges, fishes)
possess the defence mechanism that pumps the xenobiotics out from
the cells by a P-glycoprotein 170 kDa ATP-dependent pump in a way
equal to its function in multidrug resistance (MDR) mechanism found
in tumor cells resistant to chemotherapy. This multixenobiotic
resistance (MXR) mechanism is fragile: many lypophilic xenobiotics,
natural or synthetic, untoxic or toxic, may inhibit the function of MXR.
The consequence of the action of such inhibitors, the chemosensitisers,
may be the unexpected increase in accumulation of other xenobiotics,
resulting in their increased (toxicating) effects. Here we are presenting
the data demonstrating the genotoxicating effect of several model
chemosensitizers (verapamil, cyclosporine A, or staurosporine), or of
chemosensitisers present in environmental (water, water concentrates,
sediment and soil extracts) samples, or of several pesticides, as
measured by the increased excretion of ultimate mutagens produced by
a fresh water Dreissena polymorpha exposed to a model carcinogen 2-
aminofluorene. The exposures to a combination of two pesticides,
propikonazol and glyphosphate, produce the synergistic (4-fold)
genotoxicating effect. In the real environment there are always
combinations of many xenobiotics. Thus, the presence of
chemosensitisers complicates the assessment of risks from complex
mixtures of environmental toxins, endocrine disrupters, and mutagens.
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Challenges in ecotoxicology
M.N. MOORE
UNIDO,Vienna International Centre, Austria; Centre for Coastal &
Marine sciences, Plymouth Marine Laboratory, Citadel hill, UK

One of the major challenges in ecotoxicology is to link harmful effects
in individual animals with the ecological consequences. This problem
of linkage has resulted in a credibility gap for those seeking to make
policy decisions based on probable impact on populations. It is in this
context that use of diagnostic "clinical-type" tests or biomarkers can
provide hard information on the health-status of populations based on
relatively small samples of individuals. Using these biomarkers we can
begin to link processes of molecular and cellular damage through to the
higher levels where they can result in reduced performance and
reproductive success. It seems reasonable to extrapolate from this
unequivocal data on functionally impaired "health" to a negative impact
on the population in terms of lack of recruitment and mortality as a
result of impaired reproductive processes. Research effort to meet this
challenge must be inter-disciplinary in character since the key questions
mainly involve interfacial problems. These key questions include the
effect of physico-chemical speciation on uptake and toxicity, the
toxicity of complex mixtures, and linking the impact of pollutants at the
various hierarchical levels of biological organisation from the supra-
molecular and cellular to the health of populations, ecological
communities and humans.
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Genetic ecotoxicology: natural selection in contaminated
environments
L.R. SHUGART1. J. BICKHAM2 AND C. THEODORAKIS2

1 LR Shugart & Associates Inc., , Oak Ridge, TN, USA; 2 Dept.
Wildlife & Fisheries Sci., Texas A&M Univ., College Station, USA

Environmental pollution is a complex issue because of the diversity of
anthrophogenic agents, both chemical and physical, that have been
detected and catalogued. The consequences to biota from exposure to
genotoxic agents present an additional problem because of the potential
for these agents to produce adverse change at the cellular and
organismal levels (Comp. Physiol. Biochem., 113:273-276, 1996).
Organismal responses at the genetic level to exposure to environmental
genotoxicants have been well documented. Past studies in genetic
toxicology at the Oak Ridge National Laboratory have focused on
structural damage to the DNA of environmental species that may occur
after exposure to genotoxic agents and the use of this information to
document exposure and to monitor remediation (Environ. Health
Perspec, 102:13-17, 1994). Current studies in genetic ecotoxicology
are attempting to characterize the biological mechanisms at the gene
level that regulate and limit the response of an individual organism to
genotoxic factors in their environment (Ecotoxicology, 6:205-218, 1998
and 6:335-354, 1998). An elucidation of the molecular mechanisms
involved with these responses, as well as an assessment of the changes
that may occur to the genetic material, will provide an understanding to
the potential for deleterious consequences at higher levels of biological
organization. Moreover, modern procedures of molecular biology offer
the hope that alterations and changes to genetic material can be readily
detected.
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Genotoxic substances in the St. Lawrence-system
(Canada)
P.A. WHITE
Visiting Research Scientist, Atlantic Ecology Division, US
Environmental Protection Agency, Narragansett, USA

Previous investigations confirmed that the St. Lawrence system
(Canada) receives genotoxic substances via direct input of industrial
and municipal wastewaters. In an effort to investigate the post-emission
behaviour of discharged genotoxins, samples of sediment and biota
were collected at 21 sites downstream from previously identified
sources. Genotoxicity of organic extracts was assessed via the SOS
Chromotest. Both suspended particulate matter and bottom sediments
extracts possessed genotoxic activity. Suspended particulate samples
were more potent in the absence of S9 metabolic activation, with the
reverse being true for bottom sediments. Although the putative
genotoxins in bottom sediments appear to have PAH-like properties,
only a small fraction of the observed response could be explained by
identified PAHs. Tissue concentrations of genotoxicity, expressed as
ug benzo(a)pyrene equivalents per g wet weight, suggested
bioconcentration factors in the 102 to 103 range. Lipid normalised
values indicate that invertebrate tissues are significantly more
contaminated than fish tissues. Moreover, the fish data indicate that
tissue concentrations are biodiminished, with fish at higher trophic
levels having lower tissue burdens. Although effects manifested in situ
were not investigated in this study, the results suggest that the most
dramatic effects will be manifested in metabolically competent fish that
consume invertebrates.
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Germ-line minisatellite mutations in herring gull families
from urban, industrial sites
C.L. YAUK. AND J.S. QUINN
Department of Biology, McMaster University, Hamilton, Ontario,
Canada,

Minisatellite DNA may provide sensitive markers for induced heritable
mutations in animals exposed to ambient levels of contaminants. The
high germ-line mutation rate at minisatellite loci allows the detection of
induced mutations in relatively small sample sizes. Additionally, by
using multi-locus DNA fingerprinting several minisatellite loci can be
screened simultaneously decreasing the time and cost required for
mutation analyses. We used multi-locus DNA fingerprinting in full
families of herring gulls (Larus argentatus) to show that mutation rates
in birds inhabiting heavily industrialized areas in the Great Lakes,
Canada, are elevated compared to gulls from rural locations in the
Great Lakes. We found mutation rates in herring gulls colonising urban
areas that are heavily industrialized, and near highways, were
significantly higher than rates found at rural colonies removed from
point sources of contaminants (x2 =9.335, p=0.002). We suggest that
these minisatellite mutations are important biomarkers for heritable
genetic changes resulting from exposure to environmental genotoxins.
These data will be presented in relation to biomarkers of exposure,
including EROD activity, lung histopathology and DNA adducts.
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HPRT: one reporter - many uses
R.J. ALBERTINI
Genetic Toxicology Laboratory Burlington, Vermont, USA

Mutations that arise in vivo in the hprt reporter gene are useful for
assessing human mutagen exposures and their genotoxic effects. The
latter may help to establish "safe" exposure limits and to monitor
chemoprotective therapies in cancer patients. Molecular studies
defining mutational spectra provide specificity for mutations used as
biomarkers of exposure and also identify mutagenic mechanisms with
carcinogenic potential that are captured in hprt. Such mutations may be
predictive of health outcomes but rigorous epidemiological validation
will be required before this possibility is realized. Studies of other
genes in hprt mutant isolates are now demonstrating how hprt may be
used as a probe for fundamental cellular and molecular processes.
Analyses of rearrangement patterns and sequence usage in the T-cell
receptor (TCR) genes define molecular signatures of T-cell clonality.
The distributions of hprt mutations (and mutants) among these clones
provide information regarding both T-cell kinetics and genetic stability.
For the former, individuals with autoimmune diseases frequently show
grossly elevated hprt mutant frequency values due to large in vivo
clones, presumably resulting from mutations and mutant expansions in
the proliferating subsets of T-cells that are mediating the
immunological process. Characterization of TCR usage and functional
status of isolates from these clones identifies the immunological
effectors of the disease. As regards genetic stability, large in vivo TCR
gene defined clones in which repetitive hprt mutations have occurred
can be recovered from some individuals. These clonally distributed
genetic instabilities presumably arise in vivo via a somatic event, e.g. a
mutation in some progenitor cell. Molecular studies of candidate genes
will better define these mutator phenotypes and may identify mosaic
individuals at increased risk for mutations/cancer.
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Reflections on the analysis of human population
monitoring data
J. COLE
MRC Cell Mutation Unit, University of Sussex, Falmer, Brighton,
EastSussex, UK

Human population monitoring for genetic damage at varions loci has
been undertaken for about 2 decades. Each of the systems has been
refined over the years and much valuable insight gained into the range
of mutagenic events involved. It is notable from all databases that there
is wide inter-individual variation even when such factors as age and
smoking are taken into account. This is not surprising, given the many
potential sources of variation and the stochastic nature of mutation and
potential for clonal expansion of particular blood cell lineages;
however, it means that particular care should be taken in the design of
any study aimed at determining potential environmental effects. Based
on our 15 years experience, this paper will address issues such as
suitable group sizes and potential confounding factors and give
examples of good laboratory practise (e.g. coding of samples; clearly
defined experimental protocols; replicate experiments; establishment of
a protected, coded computerised database; and use a method of
statistical analysis with pre-determined power).
I will illustrate these points from our data on hprt frequency in T-cells
and bcl2 translocation frequency in B-cells, including analysis of the
effects of environmental exposure to radon, oil vapour and sunlight.

93



W4 03

Validation of the HPRT in vivo mutation assay - the
EUCAHM ring tests
S-M HOU1, A.D. TATES2, M. DAVIES3, L. CELOTTI4, E.
HUTTNER5, Y. BARNETT6 AND B. LAMBERT1

'Karolinska Institute, CNT/NOVUM, Sweden; 2Leiden University,
Department of Genetics, Leiden, The Netherlands; 3BD3RA
International, Carshalton, Surrey, England; 4University of Padova,
Department of Biology, Padova, Italy; 5Institute of Plant Genetics,
Gatersleben, Germany; 6University of Ulster, Coleraine,
Northern Ireland

As part of the EU Concerted Action on HPRT Mutation (EUCAHM),
we have carried out a ring test for the T-cell cloning assay which
enables the selection and molecular analysis of the 6-thioguanine
resistant HPRT-negative mutants in vivo. Three normal buffy coats
were obtained from a blood center in Stockholm, and lymphocytes
were isolated by Ficoll gradient centrifugation. Duplicate and coded
samples from all buffy coats were distributed to five laboratories for
enumeration of mutant frequencies using six different protocols. The
results indicated a good agreement between split samples within each
laboratory. The interdonor variation patterns were also comparable
when similar procedures (priming or no priming) were applied in
different laboratories. However, both the cloning efficiencies (range 24
- 83%) and the mutant frequencies (range 2.5 - 45 x 10"6) measured for
the same blood donors showed substantial interlaboratory variations.
Different medium compositions used in the same laboratory resulted
also in a remarkable difference in the level of mutant frequency. To
further evaluate the HPRT clonal assay, an uniform operating protocol
(UOP) has been proposed and compared with the own traditional
protocols in five different laboratories in a second ring test.
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The spectrum of HPRT-mutation in T-cells in vivo
B. LAMBERT, A.-M. OSTERHOLM, A. PODLUTSKY
AND S.-M. HOU
The Karolinska Institute, Department of Biosciences, CNT/Novum,
Huddinge, Sweden

The hypoxanthine-guanine phosphoribosyl transferase (hprt) locus in6-
thioguanine (TG) resistant T-lymphocytes is a useful target for the
study of somatic in vivo mutagenesis, since it provides information
about a broad spectrum of mutation. We have identified 180 hprt in
vivo-mutations in T-cells in a study population of 38 non-smoking
healthy males. This population spectrum contains 3% large deletions,
50% base substitutions, 7% frameshifts and 7% small deletions giving
rise to coding errors, and 16% base substitutions and 4% deletions
giving rise to splicing errors. In addition, 22 exon skipping mutations
(12%) were detected, but no mutations were found. The distribution of
base substitutions in the coding region was significantly different from
that expected based upon a Poisson distribution (P< 0.0001),
suggesting the existence of hotspots. Almost half of the small deletions
within the coding sequence clustered in the 5'end of exon 2. Most of
the splicing mutations occurred in the splice consensus sequences, with
a predominance for the acceptor sites. This population spectrum of hprt
mutation in T-cells in vivo shows striking similarities with the spectrum
published by Burkhart-Schultz et al. (Carcinogenesis 17, 1996, 1871,
Env. Molec. Mutag. 30, 1997, 371), including several tentative base
substitution hotspots at positions 131, 143, 146, 197, 208, 508 and
617. The observations of these mutational cluster regions in different
human populations suggest that they are due to endogeneous
mechanisms of mutagenesis, or to ubiquitous environmental influences.
This emerging background spectrum of somatic in vivo mutation in the
human hprt gene provides a useful basis for comparisons with radiation
or chemically induced mutational spectra, as well as with gene
mutations in human tumors.
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Experimental design and statistical methods
D. LOVELL
BIBRA International, Carshalton, Surrey, UK

The HPRT in vivo mutation assay is widely used to investigate
occupational, environmental and life style factors in human molecular
epidemiology investigations and in animal experiments. The data
collected includes information on the HPRT mutation frequency and on
mutational spectra. A range of issues arise in the development of
appropriate experimental designs and statistical analyses for these
investigations. Data from the HPRT data base on mutation frequencies
collected by participants in the EU Concerted Action on HPRT
Mutation (EUCAHM) will be used to illustrate various approaches to
the investigation of factors influencing HPRT mutation frequencies.
Statistical methods available for the investigation of mutational spectra
will be outlined. It will be stressed that the incorrect design of
molecular epidemiology studies can lead to misanalysis and misleading
interpretations of the true risk to human health. Careful experimental
design is crucial to ensure that useful and valid data are being collected
and analysed. The use of the key principles of experimental design such
as randomisation, replication and blocking will be illustrated. The role
of statistical methods for the estimation of the size of effects and for the
exploration of data sets as opposed to their use in hypothesis testing
will be stressed.
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Studies on induction of HPRT mutations in animal
models
A.D. TATES AND H. VRIELING.
Department of Radiation Genetics and Chemical Mutagenesis, Leiden
University Medical Centre, Leiden, The Netherlands.

Inspired by the pioneering studies of I. Jones in the USA, several
investigators have been actively engaged in developing clonal assays
for measuring HPRT mutations in lymphocytes from thymus, spleen, or
blood from mice, rats or monkeys. These assays can now be applied on
a routine basis. There is also a procedure for detection of HPRT
mutations in cells isolated from Chinese hamsters lungs. Clonal assays
have been applied in a variety of mutagenicity studies including 1)
inter-species comparisons of mutagenic effects of parent compounds
plus metabolites, 2) determination of the relative mutagenic potencies
of chemical/physical agents), 3) model studies with agents to which
men is exposed occupationally, clinically or otherwise, 4) studies with
transgenic mice having specific DNA-repair defects, 5) studies on
modulating effects of dietary components such as antioxidants and
calorie restriction on mutation induction. Finally HPRT studies have
used to validate novel mutation assays (e.g. Muta™ and Big Blue
Mouse™) allowing mutation detection in other cellular systems than
lymphocytes. Recently, methodology for molecular analysis HPRT
mutations has become available. Unfortunately, the X-linked HPRT
locus does not allow detection of important classes of mutational
events such as mitotic recombination, non-disjunction, gene conversion
and large deletions. However, it has recently become feasible to study
induction of the latter events by using transgenic mice in which one of
the autosomal APRT genes has been disrupted (APRT+/-). Thus, it is
now possible to study induction of HPRT and APRT mutations in the
same treated mice.
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Effect of stannous chloride in the interaction with surface
markers of red blood cells
R.C.S. CONCEICAO1. A.P. MOTTA1, S.R.F. MORENO1,
A. CALDEIRA DE ARAUJO1, F. ARNALDO1, B.
ANDRADE2 AND M. BERNARDO-FILHO1'3

'UERJ, Institute de Biologia Roberto Alcantara Gomes, 2UERJ,
Faculdade de Ciencias Medicas and 3INCA, Centro de Pesquisa
Basica, Rio de Janeiro, Brazil

Stannous chloride (SnCb) has been widely used in several situations. In
nuclear medicine procedures is frequently employed as a reducing
agent to get radiopharmaceuticals. Many toxic/genotoxic effects have
been reported to this compound. Due to its importance, we decided to
evaluate its effect on red blood cells.
Our results showed an abnormal pattern of hemolysis to cells treated
with SnCl2 (600ug/ml). The red blood cells treated with this
concentration presented a ratio of hemolysis more intensive. This could
be consequence of a modification on the cellular membrane.
Studies using lectins have been performed to determine, if this
modification is related with receptors. We decided to employ lectins,
that are proteins or glycoproteins that bind sugar and agglutinate red
blood cells. We used some lectins in different dilutions. With Ricin,
comparing with the control, untreated, the ratio of agglutination
decreased from 1:256 to 1:64 and 1:32, to cells treated with 60 and 600
ug/ml (SnCk) respectively. In Ulex, however, was observed a
decreasing in ratio 1:256 to 1:32 and 1:16, in cells submitted to same
concentrations.
The analysis of our results suggests that SnCk could modify on the
plasma membrane of the red blood cells. These alterations could
explain some toxic effects of this reducing agent.
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Ability of albendazole to induce micronuclei in vitro in
cultured Chinese Hamster Ovary cells and in vivo in
NMRI Rj mice
V. FESSARD1, M. OULD ELHKIM2, V. KLES1, J.M.
POUL1

'Laboratory for Veterinary Medicinal Products, 2National Agency for
Veterinary Medicinal Products - CNEVA, Fougeres, France

Benzimidazoles (BZD) are largely used as antheimintic veterinary and
medicine drugs. It is established that BZD interfere with tubulin
polymerisation, thus resulting in spindle formation and mitosis
inhibitions. BZD may therefore act as aneuploidogens. One of the
BZD, Albendazole (ABZ), was reported negative in the Ames test, in
the CHO chromosome aberration assay and in the BALB/3 T3 mouse
cells transformation assay (34th JECFA, 1990). In the present study
ABZ was evaluated for its ability to induce in vitro chromosomal
aberrations (CA) and micronuclei (MN) using CHO cells and for its
ability to induce micronuclei in vivo in mouse bone marrow
erythrocytes. CHO cultures were treated in the absence and presence of
metabolic activation at final concentrations of 0.1, 0.25, 0.5 and
1 ng/ml for 4 hours. Male NMRI RJ mice were orally administered once
with 200,1000, 2000 mg/kg bw of ABZ.
ABZ did not increase the frequency of in vitro chromosomal
aberrations in CHO cells but increased the incidence of polyploid cells
in the absence of metabolic activation. ABZ induced a significant dose-
dependent increase in MN in binucleated CHO cells. Administered
once orally, ABZ induced a significant dose-dependent increase of
MN in mouse bone marrow erythrocytes at the 24 and 48 hr sample
times whereas a decrease of the EP/EN ratio indicated a toxic effect
only at 48 hr in the 2000 mg/kg treated group. These results indicate
that ABZ is able to induce MN in vitro in CHO cells and in vivo in
mice bone marrow erythrocytes but not to induce in vitro CA. A
potential aneugenic effect of ABZ is therefore strongly suggested.
Further study to elucidate the origin of MN is needed.
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Trichloroacetic acid effect on the binding of
radiopharmaceuticals on blood constituents
R.S. FREITAS1-2, M.L. GOMES I2, D.M.M. MATTOS1'3,
A.P. M0TTA13 AND M. BERNARDO-FILHO1'3

^stituto Nacional do Cancer, Centro de Pesquisa Basica,
2Universidade Federal do Rio de Janeiro, Hospital Universitario
Clementino Fraga Filho, 3Universidade do Estado do Rio de Janeiro,
Instituto de Biologia Roberto Alc&ntara Gomes, RJ, Brazil

Trichloroacetic acid (TCA) is an effective hemostatic caustic. It is
employed as a destructive agent for benign and dysplastia skin lesions.
The binding of the radiopharmaceuticals on blood constituents can be
altered by therapeutic drugs and their biodistribution can be modified.
We evaluated the TCA effect on the binding of radiopharmaceuticals
labelled with technetium-99m (99mTc).
Whole blood was incubated with 99mTc-GHA(glucoheptonic acid),
99mTc-DTPA(diethylenetriaminepentaacetic acid), 99mTc-
DMSA(dimercaptosuccinic acid), 99mTc-Sn-Coloidal(Sn coloidal),
99mTc-DISIDA(diisopropyliminodiacetic acid) and 99mTc-
MDP(methylenediphosphonic acid). Plasma (P) and blood cells (BC)
were separated, precipitated with TCA concentrations (20, 10, 5, 1, 0.5
and 0.1%), isolated soluble (SF) and insoluble fractions (IF) and
calculated the percent of radioactivity (%ATI).
The %ATI in IF-P varied from 48.3 to 14.0% (99mTc-GHA), from
32.6 to 15.6% (99mTc-DTPA), from 74.5 to 51.9% (99mTc-DMSA)
from 75.8 to 23.7% (99mTc-Sn Coloidal) and from 40.4 to 10.7%
(99mTc-MDP). To 99mTc-DISIDA, %ATI was not modified by the
TCA. Radioactivity in IF-BC depends on TCA concentration and it
varied: 99mTc-GHA (from 87.5 to 67.9%) and 99mTc-DISIDA (from
92.8 to 69.3%). With 99mTc-DTPA, 99mTc-DMSA and 99mTc-Sn
Coloidal the %ATI seems to be independent of TCA concentration.
We can speculate that the binding of the studied radiopharmaceuticals
to blood constituents and the precipitation effect may depend on the
chemical characteristics of each radiopharmaceufical and TCA
concentration.
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The induction of chromosomal aberrations (CAs) during
and following partial-body exposures
S. GUNDY. N. KATZ, J. LOVEY, O. ESIK
National Institute of Oncology, Budapest, Hungary

One possible way to obtain information concerning yield of CAs
induced by partial-body irradiation is to observe patients undergoing
radiotherapy. CAs were studied during and immediately after the
termination of treatment in 13 differentiated thyroid cancer patients
irradiated with 50 Gy (25x2Gy) in the region of either the neck lymph
nodes (NLN) or of the area of NLN + upper mediastinum (UM) in a
ratio of volumes of 1:3 (8 vs.5 patients). Furthermore, 10 testicular
cancer patients were examined who were irradiated with 26 Gy
(13x2Gy) in the pelvis (PAO-PIL) region in a volume 10-times larger
than the NLN area. The yield of dicentrics/cell showed 3-3.6-fold
individual variability in each of the groups (0.11-0.31 for NLN; 0.21-
0.61 for NLN+UM; 0.13-0.47 for PAO-PIL, respectively). When the
yields of dicentrics + rings were best fitted to a linear function during
the courses of radiotherapy at fixed doses and locations, the variability
of parameters was also excessive between the donors. We suppose that
beside the location and volume of lymph nodes the main factor
influencing the rate and overdispersion of CAs induced by partial-body
irradiation may be the individual radiation sensitivity. This phenomenon
impose some uncertainty when calibration curves are used for the
estimation of whole-body-equivalent biological doses.
This study was supported by US-Hungarian Joint Fund grant No. 391
and OTKA grant No. 16003
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Results of biodosimetry obtained with various
cytogenetic methods and the electron spin resonance
spectrometry among inhabitants of a radionuclide-
contaminated area around the Siberian Chemical Plant
(Tomsk-7)
N.N. ILYINSKIKH1, A.T. NATARAJAN2, I.I. SUSKOV3,
L.N. SMIRENII4, E.N. ILYINSKIKH1

'Siberian Med. Univ., Tomsk, Russia, 2Dept. Radiat. Genet. & Chem.
Mutag., Univ. Leiden, Leiden, Netherlands, 'institute Gen. Genet.,
Moscow, Russia, "Research Cntr of Spacecraft Radiation Safety,
Moscow, Russia

On April 6, 1993 near the town of Tomsk (Russia) there was an
accident at the Siberian Chemical Plant (SCP) which resulted in an
extensive contamination of an area of 200 square kilometres to the
north from SCP with long-lived radionuclides such as plutonium-239,
cesium-137, and cobalt-60. Cytogenetic methods and the electron spin
resonance (ESR) spectrometry of tooth enamel were used to estimate
the radiation doses received by the population. The ESR signal
intensity and the chromosomal aberration frequency in lymphocytes of
the tooth donors showed a good correlation. The data showed that
15% of the inhabitants of the Samus settlement received a radiation
dose exceeding 90 cGy. The exceptions concerned the results of the
examination of the fishermen where the ESR gave high values (80-210
cGy) whereas both the chromosome assay and the cytokinesis-block
micronucleus method gave lower ones (8-52 cGy). We found good
correlations between the level of carotene consumption and the
decrease of frequency of both micronuclei in binucleated lymphocytes
(r=0.68;P<0.01) and chromatid aberrations (r =0.61 ;P< 0.01) among
the inhabitants. Besides, we examined the inhabitants of Samus for
Opisthorchis infection which was present in 30% . The Samus
inhabitants affected by Opisthorchis felineus showed significantly
increased levels of micronuclei in binucleated lymphocytes and
chromatid aberrations as compared to the controls.
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Dose dependent induction of mutations, DNA adducts
and mitoses in rat liver by the antiandrogenic agent
cyproterone acetate
O. KREBS1, B. SCHAFER2, E. DEML2, D. OESTERLE2, J.
FAVOR1 AND T. WOLFF2

Institut fur Saugetiergenetik1, Institut fur Toxikologie2, GSF-
Forschungszentrum fur Umwelt und Gesundheit, Neuherberg, Germany

The progestin cyproterone acetate (CPA), a frequently used
antiandrogen, causes liver tumors in rats after long term feeding.
Recent findings on the formation of CPA-specific DNA adducts in rat
liver indicate that CPA is a DNA damaging agent. To test whether
CPA is mutagenic, groups of five female transgenic Big Blue™ Fisher
rats were treated with single oral doses of CPA. Six weeks later, the
liver DNA was examined for mutations and DNA adducts. A dose
dependent increase of mutation frequency was observed between 75
and 200 mg CPA/kg, whereas doses of 25 and 50 mg CPA/kg were
ineffective. DNA adduct levels determined by the 32P-postlabelling
technique increased at doses between 25 and 75 mg CPA/kg and
remained on a plateau at higher doses. The latter finding suggests that
an additional stimulus, possibly its mitogenic activity, is required for
the fixation of mutations at high doses of CPA. To test for this notion,
the number of S-phase nuclei were determined. Preliminary results
indicate a dose dependent increase of S-phase nuclei. Our observations
clearly indicate that CPA is mutagenic and suggest that the mitogenic
activity of CPA is required for the dose dependent expression of the
mutations.
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Dose- and time-effects in the induction of DNA adducts
and cell proliferation in rat liver during chronic
administration of N-nitrosodimethylamine
S.A. KYRTOPOULOS1, V.L. SOULIOTIS1, L.M.
ANDERSON2 AND S.K. CHHABRA2

'National Hellenic Research Foundation, Athens, Greece, 2National
Cancer Institute, Frederick MD, USA

Rat hepatocarcinogenesis by chronic administration of N-
nitrosodimethylamine (NDMA) shows a sharp increase above 1 ppm
NDMA (ca. 90 mcg/kg-day) (Peto et al., Cancer Res. 51, 6415-6451).
Having already shown (Souliotis et al., Carcinogenesis 16 2381-87)
that this dose-response curve does not parallel the accumulation of the
premutagenic DNA lesion O6-methylguanine (06-meG) during a 28-day
administration of NDMA, we have now investigated the kinetics of
induction of O6-meG and cell proliferation during exposure to NDMA
(0.2-2.64 ppm) for 180 days. We find that 06-meG levels become
maximal within a few days of the start of treatment, followed by slow
decline to about 40% by day 180. In agreement with our earlier
findings, the maximal adduct levels were approximately linearly related
to the dose of NDMA. A statistically significant positive association of
hepatocyte proliferation with dose was observed on days 21 and 120 of
treatment, with the increase being particularly pronounced above 1
ppm. On day 180 an increase in hepatocyte proliferation was seen upto
1 ppm DNMA, followed by a decrease at higher doses. These results
suggest that alterations in hepatocyte proliferation in response to
chronic toxic effects of NDMA contribute to the latter's tumorigenicity.
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Vincristine: effect on the biodistribution of
radiopharmaceutical employed to bone scannings
D.M.M. MATTOS1 '2. M X . GOMES1 '2, R.S. FREITAS1 AND
M. BERNARDO-FILHO1-2

'institute Nacional Do Cancer, 2Universidade Do Estado Do Rio De
Janeiro, Rio De Janeiro, Brazil

Vincristine is a chemotherapeutic agent used on the treatment of
childish leukaemia, solid tumor, Hodgkin's disease and other
lymphomas. The biological activities of the vincristine can be explained
by its ability to bind specifically to tubulin and to block the ability of
the protein to polymerise into microtubules. Radiopharmaceuticals
labelled with technetium-99m (99mTc) are widely employed in nuclear
medicine procedures. Many authors have reported the interaction of
therapeutic drug with radiopharmaceuticals. We have studied in Balb/c
female mice, the effect of vincristine on the biodistribution of the
radiopharmaceutical methylenediphosphomc acid (99mTc-MDP).
Three doses of vincristine were administered by ocular plexus via into
Balb/c mice. One hour after the last dose, 99mTc-MDP (7.4 MBq) was
administered and after 0.5 hour the animals were sacrificed. The organs
were isolated, the radioactivity determined in a well counter and the
percentages of activity (%ATI) in the organs were calculated.
The results have shown that the % ATI: (i) has not been altered in lung
and thyroid and (ii) has been decreased in ovary, uterus, kidney, liver,
pancreas, stomach, heart, brain, thymus, spleen and bone.
These results can be justified by the metabolic process or the
therapeutical effect of vincristine.
Research supported: CNPQ, CAPES, FAPERJ, INCA and UERJ.
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Intercalibration of SCGE and cytogenetic end-points in
human lymphocytes: dues on the role of SCGE in human
biomonitoring
C. ANDREOLI. P. LEOPARDI, S. ROSSI AND R.
CREBELLI
Laboratory of Comparative Toxicology and Ecotoxicology, Istituto
Superiore di Sanita, Rome, Italy

The Single Cell Gel Electrophoresis (SCGE) assay is widely used to
detect DNA single strand breaks (ssbs) and alkali labile sites in a
variety of situations, including human biomonitoring. However, the role
and the biological significance of the results provided by the SCGE in
human studies performed on circulating lymphocytes are not
completely elucidated.
In order to clarify the fate and the nature of ssbs detected by SCGE,
human resting lymphocytes from two donors were treated with H2O2
(50-100nM) and MMS (140-210fiM) before in vitro stimulation, and
both DNA damage, as detected by SCGE, and cytogenetic end-points
(micronuclei and SCEs) were analysed at subsequent time points. The
results obtained show that the extensive DNA damage detected by
SCGE immediately after treatments was completely repaired by 16h,
with no detectable increase of micronuclei and SCE rates at 66h and
72h, respectively. Inhibition of DNA repair by Ara-C (1 |a.g/ml) during
the first 16 h of culture largely prevented the filling of DNA lesions, as
shown by comet tail measurements, with consequent fixation in breaks
and increases in micronuclei rates. These results suggest that
(pre)mutagenic lesions detected by SCGE in resting lymphocytes can
be largely repaired after stimulation thus escaping the fixation in stable
genetic alterations.
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Influence of excision repair and MucAB proteins on the
mutagenic activity of aristolochic acid I in Escherichia
coli
V.M. ARLT, T.H. BROSCHARD. S. KRANZ AND M.
METZLER
Institute of Food Chemistry, University of Karlsruhe, Karlsruhe,
Germany

Aristolochic acid I (AAI), the main component of the carcinogenic
plant extract aristolochic acid, is known to be a direct-acting mutagen
in several Salmonella typhimurium strains.
To investigate the factors controlling the mutagenicity of AAI in
bacteria, we used the lad gene as a forward mutational target in the
Escherichia coli strains NR6112 (wild type), NR6113 (AuvrB), EE125
(pKMlOl) and CM6114 (AuvrB, pKMlOl) which differ in their
genotype with respect to nucleotide excision repair and MucA/B-
mediated error-prone translesion synthesis. Each strain was incubated
with different concentrations of AAI and subsequently plated on LB-
and on P-gal plates to determine the survival and select for lad cells,
respectively. AAI exhibits mutagenic activity in all strains depending
on its concentration. At 4.5 mM the lowest mutation frequency (mf)
was observed with the wild type strain NR6112 which exceeds the
spontaneous mf by a factor of 1.6, followed by strains EE125, NR6113
and CM6114 in which the mf increased 1.8-, 3.7- and 11.1-fold,
respectively.
These results demonstrate that the known AAI-DNA adducts are
substrates for the uvrABC nucleotide excision repair system in
Escherichia coli and that DNA polymerase accessory proteins like
MucAB play a crucial role in the mutagenicity of AAI in bacteria.
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Effects of toxic metal ions on the activity of the zinc
finger enzyme formamidopyrimidine dna glycosylase
M. ASMUSS. A. HARTWIG
Institut fur Lebensmittelchemie, Universitat Karlsruhe, Deutschland

Several carcinogenic metal compounds interfere with DNA repair
processes. Since many repair enzymes belong to the zinc finger family,
we studied the influence of different metal compounds on the activity
of the zinc finger repair enzyme formamidopyrimidine-DNA
glycosylase (Fpg). As substrate we used PM2-DNA which had been
oxidatively damaged by methylene blue and light.
While Ni(II), Co(II) or Pb(II) up to WOO yM showed no effect, the
activity of the enzyme was completely inhibited by 500 nM Cd(II) or
10 uM Cu(II). These inhibitory effects could be partly prevented by
simultaneous incubation with Zn(II) indicating that the competition
with Zn(II) in the zinc finger domain is the underlying mechanism.
Hg(II) was shown to be a strong inhibitor of Fpg, complete inhibition of
enzyme activity was caused by 50 nM Hg(II). Since this inhibition
could not be prevented by Zn(II), the zinc finger does not seem to be
the main target of Hg(II). However, the enzyme activity could be
restored by incubation with glutathione, therefore binding to sulphur
containing side chains seems to be a probable mechanism of inhibition.
Our results show that metal ions may act on a repair enzyme on
different ways, one of which is competition with zinc.
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High base excision repair activities in rat germ cells
G. BRUNBORG, J.A. HOLME AND A.-K. OLSEN
Natl. Inst. Publ. Hlth, Oslo, Norway

The integrity of spermatogenic cell DNA is essential for normal repro-
duction and for avoiding hereditary disease. DNA repair has been
intensely studied in somatic cells, whereas relatively little is known
about these processes in germ cells. We have characterised base
excision repair in rat germ cell extracts with respect to their activities
(per mg protein) towards substrates containing defined DNA
modifications. Protein extracts from spermatocytes (SC), round
spermatids (RST), and elongating/elongated spermatids (EST)
(enriched by centrifugal elutriation followed by density gradient
centrifugation) showed 3 times higher incision of apurinic/apyrimidinic
sites, compared to primary rat hepatocytes. Uracil was excised to the
same extent by all extracts. It is known that the E. coli enzyme 3-
methyladenine DNA glycosylase II (AlkA), and its human homologue
alkyl-N-purine DNA glycosylase (ANPG), both excise a wide range of
modified bases such as methylated bases, hypoxanthine and ljN6-
ethenoadenine (EthA). Methylated bases were excised by SC, RST,
and EST, at 4-5 times higher rates compared to hepatocytes.
Hypoxanthine removal appeared to be higher in germ cells, whereas
EthA was removed at 3-7 times higher rates relative to hepatocytes.
Human 8-oxoguanine DNA glycosylase (hOGHl) and endonuclease III
homologue (hNTH) release oxidative DNA lesions. The release of
formamidopyrimidine (FaPy) was 5-10 times higher in rat SC and RS
extracts compared to ES and hepatocytes. On the other hand, 7,8-
dihydro-8-oxoguanine (8oxoG) was low in all germ cell types but
higher than in somatic cells. In conclusion, base excision repair
activities are substantially higher in germ cells than in somatic cells.
During spermatogenesis, these functions hence do not appear to be
suppressed, as opposed to many other cellular processes.
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Non-homologous end-joining in human radiosensitive
1808R cells and in fanconi anemia, an inherited
chromosomal instability disorder
M. ESCARCELLER1, C. BALDEYRON1, C. MASSON1, J.
SMITH1, P. JEGGO2, C. ARLETT2, E. MOUSTACCHI1

AND DORA PAPADOPOULO1

'istitut Curie-Section de Recherche, Paris, France; 2MRC Cell
Mutation Unit, Sussex University, Falmer,Brighton, UK

Non-homologous end-joining seems to be the predominant mechanism
used by mammalian cells to eliminate DNA double strands breaks
(DSB). To analyse end-joining events in human cells we introduced
DSB within an extrachromosomal substrate, which is transiently
replicated in host cells.
The survival of linearised plasmid dramatically decrease in
radiosensitive 180BR cells, compared to normal human fibroblasts.
Among the few surviving plasmids, recovered from 180BR cells, non
are perfectly rejoined.
ha contrast to 180BR cells, no difference in plasmid survival was found
when the linearised substrate was transfected in Fanconi anemia (FA)
lymphoblasts. However, in all examined FA cell lines belonging to
complementation groups B, C and D, blunt-ended DSB were sealed
with significantly lower fidelity, resulting in a higher deletion frequency
and a larger deletion size, compared to normal lymphoblasts. The
fidelity of processing of blunt-DSB is completely restored in FACC
cells (FA-C cells complemented with wild-type FAC gene). We
conclude that the defect involved in radiosensitive 180BR cells affect
both, the efficiency and fidelity of non-homologous end-joining,
whereas FA gene products play a role in the fidelity of end-joining of
specific DSB, which is probably at origin of deletion proneness and
chromosomal instability of FA.
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Ataxia telangiectasia cells do not repair double strand
breaks induced inreplicative DNA
R.T. JOHNSON1'2, E. GOTOH1'2, A.M. MULLINGER1, A.J.
RYAN3, Y. SHILOH4, Y. ZIV4 AND S. SQUIRES1

'Department of Zoology, University of Cambridge, Cambridge, U.K;
2National Institute of Health, Toyama, Shinjuku-ku, Tokyo, Japan;
department of Oncology, University of Manchester, Paterson Institute
for Cancer Research, Christie Hospital NHS Trust, Manchester, U.K.
department of Human Genetics, Sadder School of Medicine, Tel Aviv
University, Ramat Aviv, Israel

Ataxia-telangiectasia (AT) is an inherited human disorder with
neurologic degeneration, immune dysfunction, and high cancer risk.
Though chromosome studies have suggested a defect in double strand
break (DSB) repair, direct measurements have been less persuasive.
Most DSB-inducing agents act promiscuously on DNA throughout the
cell cycle, but the topoisomerase I inhibitor camptothecin (CPT)
induces DSBs predominantly in replication forks, and these breaks are
cytotoxic and induce widespread chromosome damage. Here we use
CPT to show that AT cells are defective in the repair of this subclass of
DSBs. With many unrepaired DSBs, AT cells progress from S-phase to
G2, where they irreversibly arrest; normal cells repair most of the
DSBs but take longer to reach G2 and arrest there only temporarily.
The frequency of CPT-induced chromosome aberrations (viewed as
prematurely condensed G2 chromosomes) in AT cells in abnormally
high, with many S-phase-dependent illegitimate chromatid exchanges;
aberrations in normal cells are mostly chromatid breaks. Transfectants
of AT cells with the wild-type ATM cDNA are corrected for CPT
sensitivity, chromatid aberrations and the defect in repair of replication-
associated DSBs. We suggest that ATM, the AT protein, recognises
DSBs in active replicons and targets the repair machinery to the breaks,
thereby helping to suppress illegitimate S-phase recombination.
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UV-induced mutagenesis independent of DNA replication
J. KRWAWICZ AND I. PIETRZYKOWSKA
Institute of Biochemistry and Biophysics, Pol. Acad. Sci. Warsaw,
Poland

We have shown that UV-induced reversion of the amber mutation in
.̂susOs phage may occur in E. coli 594su\ a host nonpermissive for

phage DNA replication. This mutagenic process differs from that
occurring in E. coli C600.ra+ host in several respects: 1. In contrast to
the C600SM+ strain, nontargeted mutagenesis of XsusOs in 594su~ does
not occur. 2. The mutator effect ofdnaQ, as well as ofmutL mutations,
is not observed in the 594su host cell. 3. The mutagenic process under
conditions nonpermissive for phage DNA replication requires a high
level of UmuD' and a basal level of UmuC proteins. 4. Deletion of the
umuDC operon prevents UV-mutagenesis in the 594su'AumuDC, but
not in C600su+AumuDC. hi the latter, induction of other SOS functions
is required. 5. Mutations formed in the 59Asu strain are not subject to
the OTW/HSL-dependent mismatch repair system, whereas in C600sw+ a
fraction of the mutations is corrected by this system.
To learn more about these two mutagenic pathways, studies on the
mutagenic specificity by sequence analysis are under way. The amber
mutation in ^susOs was identified at codon 206 of A.-phage. Sequence
analysis of revertants sus+ in 59Asu and C600su+ hosts will be
presented and discussed.
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Comparison of induced SCEs between human and
hamster chromosomes in hybrid cells
F. MARCOK J. BOEI, A.T. NATARAJAN
MCG, Dept. Radiation Genetics and Chemical Mutagenesis, Leiden
University, Leiden, Netherlands

It is known that human and Chinese hamster cells respond differently
after comparable treatment with chemical or physical agents, human
cells showing a lower amount of damage than hamster cells. To verify
if these differences were maintained in human-hamster hybrid cells and
to obtain some insight on the factors modulating the efficiency of DNA
repair (enzymatic pathways/chromosome structures) hybrid cells,
containing human #8, were treated with 0, 5,10 J/m2 of UVC-light and
the frequency of SCEs was determined simultaneously for both human
and hamster chromosomes. A new approach, i.e. a combination of a
fluorescent staining for SCEs with FISH for the human chromosome,
was employed. The frequencies of SCEs for human #8 and a hamster
chromosome of comparable size (namely #7), were 0.35, 0.8, 1.24 and
0.36, 0.71, 0.97, respectively after 0, 5, 10 J/m2. Similar extent of
damage was observed for both human and hamster chromosomes when
treated under the same enzymatic environment. These results suggest
that cellular environment, more than the chromosome structure per se,
could be considered to be an important factor for determining the
differences in the efficiency of repair observed between these two
species.
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Mammalian cells deficient in DNA polymerase B are
hypersensitive to Alkylating agent-induced cytotoxicity,
apoptosis and chromosomal breakage
K. OCHS1, R.W. SOBOL2, S.H. WILSON2 AND B. KAINA1

1 Division of Applied Toxicology, Institute of Toxicology, University
of Mainz, Mainz, Germany; 2 Laboratory of Structural Biology,
National Institute of Environmental Health Sciences, Research Triangle
Park, N.C.

DNA polymerase B (B-pol) is a 39 kDa protein which is involved in
base excision repair. To address the question of a biological role of B-
pol in cellular defence against DNA damaging agents, mouse cells
deficient in B-pol (B-pol-/-) were compared with the corresponding
wild-type cells as to their sensitivity to the genotoxic effects of various
agents. B-pol-/- cells are shown to be highly sensitive to the cytotoxic
and apoptosis-inducing effect of methyl methanesulfonate (MMS), N-
methyl-N'-nitro-N-nitrosoguanidine (MNNG), mafosfamide and
mitomycin C (MMC). This hypersensitivity also pertained to the end
point chromosomal aberrations. Hypersensitivity of B-pol-/- cells was
not observed for benzo(a)pyrene diol epoxide, N-hydroxyethyl-N-
chloroethylnitrosourea and UV-C. Complementation of the B-pol-/-
phenotype by transfection with a B-pol expression vector protected the
cells from increased cytotoxicity and chromosomal instability. The data
suggest that unrepaired single-strand gaps, which are intermediates in
the base excision repair pathway, cause chromosomal aberrations and
act as a trigger of apoptosis. The results demonstrate that B-pol is
highly important for protection against chromosomal aberration
formation, apoptosis and reproductive cell death induced by different
alkylating agents.
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Activity of the aidB gene in Salmonella typhimurium
N. PERIC, V. BACUN-DRUDINA
Faculty of Food Technology and Biotechnoogy, Zagreb, Croatia

The adaptive response of Escherichia coli is an inducible DNA repair
system that protects bacterial cells against the mutagenic and cytotoxic
effects caused by alkylating agents, particularly by methylating agents.
The adaptive response results in the increased expression of four genes,
ada, alkA, alkB, and aidB. The aidB gene of E. coli is subject of dual
regulation, ada-dependent induction by alkylation and ada-independent
induction by anaerobiosis or by low pH of growth medium. In contrast
to the response in E. coli, an adaptive response is not detectable in
Salmonella typhimurium, in spite of the presence of adaST gene in this
bacterium.
The aim of this study was to examine the presence of the aidB gene in
S. typhimurium as well as conditions of its induction. By applying the
operon fusion of E. coli aidB gene, its induction by alkylating agents,
by anoxia, or by reduced pH has been determined in S. typhimurium
and E. coli cells. The impact of nucleotide excision repair on the
induction of aidB gene in these two bacteria has been observed. It has
been certified for the first time that the aidB DNA fragment from E.
coli hybridises with genomic DNA from S. typhimurium. The results of
this study further confirm genomic similarity of these two related
bacterial species.
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Mutagenic activity and induction of SOS response by
methyl- and methoxy-carboline derivatives
I. RAHDEN-STARON1, W. PECZYNSKA-CZOCH2, L.
KACZMAREK3

'Department of Biochemistry, Medical School, Warsaw, Poland;
2Technical University of Wroclaw, Wroclaw, Poland; 'institute of
Organic Chemistry, Polish Academy of Sciences, Warsaw, Poland

Structure-activity relationship studies of cytotoxic, fused nitrogen
heteroaromatic com-pounds led to a selection of 5,ll-dimethyl-5H-
indolo[2,3-b]quinolone (compound A) as a novel potential antitumor
agent, structurally related to elipticine. In continuation of earlier studies
a series of linear, methyl- and methoxy- substituted derivatives of
mentioned above compound were synthetized. To reveal the
relationship between structure and mutagenicity of indoloquinolones,
we examined in the Ames test and SOS-Chromotest the structural
importance of methyl and methoxy groups introduced into the positions
2 and 9 of the compound A: 2,5,9,1 l-tetramethyl-5H-indolo[2,3-
bjquinolone (compound B) and 2,9-dimethoxy-5,ll-dimethyl-5H-
indolo[2,3-b]quinolone (compound C).
Mutagenic activity of tested compounds in the Ames test was strongly
influenced by the kind of introduced groups and was higher for
metabolites formed in the presence of metabolic activation system (S9
mix). All compounds tested act like frame-shift mutagens, because they
revert his~ mutations in strains TA97 and TA98. Furthermore, none of
the tested compounds reverted his' mutations in strain TA100. This
strain contains a base-pair substitution mutation. Only two compounds:
compound A and compound C (dimethoxy derivative) were mutagenic
in strain TA102. This strain detects oxidative and cross-linking
mutagens. In the Ames test metabolites of compound C were stronger
mutagens than metabolites of compound A itself. On the other hand
metabolites of the latter compound were stronger mutagens than that of
compound B.
Among three tested chemicals only compounds: A and B gave a
positive response in the SOS-Chromotest. IF was 2.5 and 1.8,
respectively. Very high toxicity of those compounds, measured as an
alkaline phosphatase activity, was decreased several times in the
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presence of microsomal enzymes (S9 mix). Also an extent of SOS
repair system induction was elevated for their metabolites formed in the
presence of S9 mix.
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Aflatoxin Bl-induced loss of heterozygosity in yeast and
human cells
C. SENGSTAG1. C. KAPLANSKI2, P. STETTLER1, H.-P.
EUGSTER1, S. BARTSCH1, B. WEIBEL1, M. FASULLO3,
P. MORGENTHALER-LEONG4 AND C. WILD5

'institute of Toxicology, ETH Zurich, Schwerzenbach, Switzerland;
2Merck Research Laboratories, West Point, PA; 3The Albany Medical
School, Albany, NY; 4Institute of Pharmacology and Toxicology,
University of Lausanne, Lausanne, Switzerland; 5University of Leeds,
Leeds, UK

The mycotoxin Aflatoxin Bl (AFB1) is an extremely potent rodent and
human liver-carcinogen. Hepato-carcinogenicity in dietary-exposed
humans is paralleled by mutational inactivation of the p53 tumor
suppressor gene. In addition, AFB1-related hepatocellular carcinomas
exhibit a high frequency of loss of heterozygosity (LOH), presumably
resulting in the functional inactivation of the second, non-mutant, p53
allele.
LOH may be the consequence of chromosomal non-disjunction,
deletion or mitotic recombination. We suggest that AFB1 -exposure
results in LOH due to a specific ability of AFB1 to induce mitotic
recombination events based on the following evidence:
(i) AFB1 was a strong inducer of gene conversion and chromosomal
translocation, in genetically engineered yeast strains expressing human
CYP1A and P450-reductase.
(ii) The recombinogenic activity of AFB1 by far exceeded its
mutagenic activity.
(iii) AFB1 significantly induced large scale genetic alterations in
exposed yeast, diagnosed by variations in the minisatellite fingerprint
pattern.
To directly test whether AFB1 also induces recombination in human
cells, we have exposed the lymphoblastoid cell line TK6 to AFB1 and
isolated a collection of independent tie mutants. To distinguish point-
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mutational from LOH events, leading to tk inactivation, the mutants are
currently characterised by SSCP-, heteroduplex- and microsatellite
analysis.
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Abnormal rearrangements associated with rejoining of
DSB created during V(D)J recombination in Fanconi
anemia cells
J. SMITH1, J.-C. ANDRAU1, S. KALLENBACH2, A.
LAQUERBE1, N. DOYEN2 AND D. PAPADOPOULO1

'institut Curie-Recherche, Paris, France; 2Departement d'Immunologie,
Institut Pasteur, Paris, France

The hallmark of Fanconi anemia (FA) is a high level of chromosome
breakage that is reflected at the gene level by an overproduction of
deletions. Knowing that misrepair of DSB may be at the origin of the
deletions, we studied the rejoining of DSB generated during V(D)J
recombination in normal and FA lymphoblasts belonging to
complementation groups C and D. Using extrachromosomal
recombination substrates, V(D)J coding and signal joints were analysed
quantitatively and qualitatively. Our results show that the frequency of
coding and signal joint formation was not significantly different in
normal and FA cells. However, we found that in normal human
lymphoblasts V(D)J recombination proceeds with high precision,
whereas, in FA cells a several fold increase in the frequency of aberrant
rearrangements is associated with V(D)J coding joint formation. The
abnormal recombinants that we recovered in FA are consistent with
excessive degradation of DNA ends generated during the V(D)J
reaction. On the basis of these findings, we propose a working model in
which FA genes play a role in the control of the fidelity of rejoining of
specific DNA ends. Such a defect may explain several basic features of
FA, such as chromosomal instability and deletion proneness.
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Role of Rad5p in regulation of DNA double-strand break
repair pathways in S. cerevisiae
C. KLAUS, F. AHNE M. KIECHLE, S. FICHTER, G.
DREXLER, M. KISTLER, F. ECKHARDT-SCHUPP
GSF Research Center for Environment and Health, Inst. for
Radiobiology, Neuherberg, Germany

Rad5 belongs to the SNF2 family of DNA helicase-like ATPases,
members of which are involved in processing of DNA damage but also
in cellular processes such as transcriptional regulation and
maintainance of chromosome stability. We propose that Rad5p has an
important function in error-free DSB-repair by favouring homologous
recombination (HR) over non-homologous end-joining (NHRJ). In
yeast HR is the major DSB-repair pathway, whereas in mammalian
cells NHEJ is the prevailing mechanism for DSB-repair. Rad5 mutants
are mammalian cell-like as the majority (75-80%) of enzymatically
introduced gaps on plasmids are rejoined by NHEJ through cells are
HR proficient and homologous chromosomal sequences are available.
This has important implications for the fidelity of DSB-repair and
therefore for the maintenance of genomic stability in yeast, as NHEJ is
considerably more error-prone than HR in yeast and mammalian cells.
Recent results show that in rad5-mutants the basal expression of lacZ-
reporter gene chromosomally integrated at the RAD54 locus is
increased as compared to the isogenic wild-type strain. As well
transcript levels of a set of DNA-repair genes but not of control genes
are elevated in a rad5 mutant background measured by RT-PCR. These
results suggested that Rad5p may play a role in regulation of the
expression of DNA-repair genes which could possibly be achieved by
modification of chromatin structure at the chromosomal locations of
DNA-repair genes
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Cross adaptive response between stannous chloride and
H2O2: the Oxy R system involvement
M.L.B. ASSIS1, M.R. CACERES1, J.C.P DE MATTOS1,
F.J.S DANTAS1, A. CALDEIRA-DE-ARAUJO1 AND VL
BERNARDO-FILHO1'2

'Universidade do Estado do Rio de Janeiro, Instituto de Biologia
Roberto Alcantara Gomes, Departamento de Biofisica e Biometria, Rio
de Janeiro, Brazil; 2Instituto Nacional do Cancer, Pesquisa Basica, Rio
de Janeiro, Brazil

The stannous ion, mainly the stannous chloride (SnCl2) salt form, is
widely used as a reducing agent to get radiotracers labeled with
technetium-99m. These radiotracers can be employed as
radiopharmaceuticals in nuclear medicine procedures. In this case,
there is no doubt about the absorption of this complex, because it is
intravenously administered in the human beings, although biological
effects of these agents have not been fully described.
In this work, we employed a bacterial system, in order to study the
cytotoxic potential of stannous chloride. Furthermore, to increase the
knowledge about the SnCl2 induced lesions that would be mediated by
reactive oxygen species (ROS), we investigated the existence of
interaction like ,,crossed reaction" between hydrogen peroxide (H2O2)
and SnC12 and the role of Oxy R system and its correlated enzymes to
promote cellular protection against oxidative damages.
Here, we describe the results obtained with previous treatment of
Escherichia coli strains (proficient and deficient in mechanisms to
repair DNA lesions) with H2O2 in sub-lethal dose followed by
incubation with SnC12.
Our data showed that the H2O2 is capable to induce cross adaptive
response to the lethality promoted by SnCl2, suggesting the Oxy R
participation through catalase, alkyl hydroperoxide reductase and
superoxide dismutase enzymes.
Financial support: UERJ, FAPERJ and CNPq.
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Lesions induced by DTPA: the involvement of long patch
repair
M.R. CACERES1, M.L.B. ASSIS1, J.C.P. DE MATTOS1,
F.J.S. DANTAS1, M. BERNARDO-FILHO12 AND A.
CALDEIRA-DE-ARAUJO1

'institute de Biologia Roberto Alcantara Gomes, Universidade do
Estado do Rio de Janeiro, Rio de Janeiro, Brazil; 2Instituto Nacional do
Cancer, Pesquisa Basica, Rio de Janeiro, Brazil

In former days, diethylenetriaminepentaacetic acid (DTPA) was used
for therapy of metal intoxication in human beings, because its potential
action like a divalent ion chelator. This compound is also normally
employed in nuclear medicine procedures. After the conjugation to a
radionuclide, such as technetium-99m, indium-113m and indium-Ill,
DTPA allows satisfactory evaluation of esophageal transit, gastric
emptying, glomerular filtration rate, blood-brain barrier, and pulmonary
system. We have studied the biological effect of DTPA solutions using
several strains of Escherichia coli (E. coli) that present different
capabilities to repair damages in deoxyribonucleic acid (DNA) and a
plasmid.
Our studies have shown a strong toxic effect in wild type bacterial cells
(E. coli AB1157) caused by this drug even when assayed in smaller
concentration than administered to humans. Bacterial cells with
different genetic mutations were sensitive to the treatment with DTPA.
However, recA, and uvrA strains showed survival fractions less
significant in comparison to the wild type strain.
This behaviour seems to have relationship with the Long Patch Repair,
but several times more active than observed in UV light lesions. In
spite of those lesions, observed in strains with different genetic
characteristics, mainly in polA defective, DNA strand breaks analysis
using the plasmid DNA conformational changes model, did not reveal
direct lesion in genetic material.
Research supported: CAPES, CNPq, FAPERJ and UERJ.
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Induction and repair inhibition of oxidative DNA damage
by mercury(H) in mammalian cells
I. EHLEBEN1 AND A. HARTWIG1'2

'University of Bremen, Department of Biology and Chemistry, Bremen,
Germany; 2Present Address: University of Karlsruhe, Department of
Food Chemistry, Karlsruhe, Germany

Even though inorganic mercury(II) is highly toxic, it is considered to be
not carcinogenic to humans. Nevertheless, different genotoxic effects
have been reported, including the weak induction of point mutations as
well as clastogenic effects. One mechanism repeatedly discussed is the
enhanced formation of reactive oxygen species, presumably due to a
depletion of glutathione pools and/or the inactivation of superoxide
dismutase (SOD). Therefore, in the present study we investigated the
effect of low concentrations of Hg(II) in HeLa cells on the extent of
oxidative DNA damage relative to its cytotoxic action. While non-
cytotoxic concentrations of 1 |iM Hg(II) and higher caused a
pronounced increase in DNA strand breaks, no induction of oxidative
DNA base modifications recognised by the bacterial Fpg-protein were
detected at concentrations up to 30 uM. In contrast, the repair of
oxidative DNA base modifications induced by visible light such as 8-
hydroxyguanine was reduced at 25 uM Hg(II), which is, however,
highly toxic to the cells. This might be an important difference as
compared to carcinogenic metal compounds like nickel(II) and
cadmium(II), which have been shown to inhibit various types of DNA
repair processes at low, non-cytotoxic concentrations, thereby allowing
cells to survive at partly repair deficient conditions.
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Does superoxide damage DNA? experiments with a cell-
freeComet assay and glutathione
M.H.L. GREEN1, S. THOMAS1, J.E. LOWE1, V.
HADJIVASSILIOU1, R.G. KNOWLES2,1.C. GREEN3

*MRC Cell Mutation Unit and School of Biological Sciences,
University of Sussex, Brighton, UK; 2Glaxo-Wellcome Research and
Development Ltd., Stevenage, UK; department of Pharmacy,
University of Brighton.Moulsecoomb, Brighton, UK

We have used a cell-free version of the Comet assay to investigate the
pro-oxidant activity of glutathione and to determine the active species
involved. In a cell-free, phosphate buffer system, glutathione (lmM, a
physiological concentration, for 1 h) induces DNA strand breakage.
Superoxide dismutase (200U/ml) gives substantial protection against
both spontaneous and glutathione-induced damage and combined
superoxide dismutase and catalase give complete protection. When
intact human lymphocytes are incubated with glutathione (1 mM for 1
h) in phosphate buffer, DNA damage is also observed, but in thiscase it
is completely preventable by catalase, with no protective effect of
superoxide dismutase. Although superoxide is known to potentate
DNA damage by other reactive species, none of these indirect
mechanisms seem to account for our results. It is possible that in acell-
free system superoxide may damage DNA directly, though we have not
been able to demonstrate such a effect within the cell.
Work supported by EC and BBSRC.
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Apurinic endonuclease (APE, Ref-1) is induced by
oxidative treatment and involved in an adaptive response
to oxidative stress
S. GROSCH AND B. KAINA
Division of Applied Toxicology, University of Mainz, Mainz, Germany

Apurirric/apyrimidinic endonuclease (APE) is a multifunctional enzyme
playing a role in base excision repair, is acting as redox factor (Ref-1)
of transcription factors and as a repressor by binding to nCaRE
elements, thus regulating gene expression. In view of the central role of
APE both in DNA repair and gene regulation, the question arose
whether APE is induced upon exposure of cells to genotoxic stress. To
address this, we investigated the expression of APE after treatment of
CHO cells with the oxidative agents hydrogen peroxide (H2O2) and
sodium hypochlorite (NaOCl). Here we show that the level of APE
mRNA and protein is enhanced in CHO cells upon treatment with these
agents which was accompanied by increase in cellular APE activity.
We also show that the human APE promoter can be induced upon
treatment with the oxidative compounds. Pretreatment of cells with
NaOCl causes protection against the clastogenic effect of a subsequent
challenge dose of H2O2. To verify that clastogenic adaptation is due to
APE overexpression, CHO cells were stably transfected with an
inducible human APE expression plasmid. As compared with non-
induced control cells, induction of APE resulted in a significant lower
clastogenic effect after treating cells with H2O2. The results indicate
that APE is a novel inducible repair function in mammalian cells which
is involved in an adaptive response to oxidative stress.
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The influence of oxidative stress on the toxicity of S-
Bioallethrin
B. HOHLEN AND I. WITTE
Carl von Ossietzky Universitat Oldenburg, Oldenburg, Germany

The aim of our study was to examine, if ROS , esp. *OH radicals
(resulting from H2O2 degradation), are able to react with the pyrethroid
bioallethrin, leading to an enhanced cyto- and genotoxicity. H2O2
combined with bioallethrin induced DNA single strand breaks in
isolated DNA at concentrations where neither bioallethrin nor H2O2
exerted any effect. DNA damage was also examined in human
jfibroblasts using the Comet assay. Non-toxic concentrations of H2O2
induced DNA strand breaks after a one hour incubation which were not
enhanced by adding bioallethrin. However, after recovery of 21 hours
different biological responses to H2O2 or H2O2/bioallethrin were
observed. While DNA strand breaks induced by H2O2 alone had been
eliminated the DNA damage induced by H2O2/bioallethrin was
persistent, or increased within the recovery period.
The delayed damaging effects induced by H2O2/bioallethrin were also
observed measuring cytotoxicity by the MTT assay. A
H2O2/bioallethrin mixture which was non-toxic directly after treatment
was highly toxic 21 hours later.
In summary, under conditions of oxidative stress bioallethrin induced
cyto- and genotoxicity in human fibroblasts whereas bioallethrin alone
was non-toxic at these concentrations.
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DNA Strand Break Induction and Formation of 8-
hydroxydeoxyguanosine of Propyl Gallate in the
Presence of Copper (II)
U. JUHL-STRAUSS, T. STABEN, H. JACOBI, I. WITTE
Universitat Oldenburg, Oldenburg, Germany

Propyl gallate (PG) is used in processed foods and cosmetics as a
synthetic antioxidant to prevent racidity and spoilage.
In this study we are presenting evidence that the antioxidative
properties of PG will change into prooxidative and genotoxic ones in
the presence of Cu(II). Single strand breaks in PM2 DNA were
observed when incubations of PG occurred in combination with 5uM
G1CI2, while combined with a lOOuM O1CI2 extensive double strand
breakage was observed. Neither Q1CI2 nor PG alone showed any
strand breaking properties. The addition of catalase, or the Cu(I)
chelator neocuproine inhibited DNA breakage, indicating the
involvement of H2O2 and the reduction of Cu(II) to Cu(I). Incubation of
PG/Cu(II) with deoxyguanosine, or isolated calf thymus DNA led to
the formation of 8-hydroxydeoxyguanosine (8-OHdG).
In human fibroblasts DNA single strand breaks were also observed
after exposure of cells to PG/Cu(II), using the alkaline elution
technique and the comet assay as methods of detection, while the single
substances did not show effects. HPLC analysis of isolated and
digested cellular DNA showed an increase of 8-OHdG in cells with
prior exposure to PG/Cu(II).
The observed interaction of PG and Cu(II) is caused by a redox
reaction between both compounds, forming reactive species, esp.
hydroxyl radicals, which are responsible for the observed genotoxic
effects.
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Ischemia/reperfusion damage in cerebral endothelial cells
G. KARLHUBER1. H.-C. BAUER2 AND P. M. ECKL1

'institute of Genetics and General Biology, University of Salzburg,
Salzburg; 2Institute of Molecular Biology, Austrian Academy of
Sciences, Salzburg

There is evidence accumulating that oxygen free radicals are implicated
in the processes of ischemia/reoxygenation leading to a number of
pathological changes in the brain. The brain microvasculature is an
important component of ischemia/reperfusion mediated brain damage.
Therefore, we used two phenotypes of primary and cloned cerebral
microvascular endothelial cells (cEC's) for studying cyto- and
genotoxic effects after hypoxia and reoxygenation. The cytogenetic
endpoints determined were chromosomal aberrations and the induction
of micronuclei. The two phenotypes of cEC's maintain brain specific
characteristics. Depending on their phenotype they may represent two
major functions of endothelial cells in the brain: the blood-brain barrier
(bbb) (type I cEC's) and neovascularization and capillary formation
(type II cEC's).
The results of this study indicate that exposure of cerebral endothelial
cells to 24 hours of hypoxia followed by 4 hours of reoxygenation
induces genotoxic effects as indicated by a significant increase of
chromosomal aberrations. These effects are not accompanied by cell
lysis demonstrated by an unaltered lactate dehydrogenase activity and
morphology after hypoxia and reoxygenation. The cloned cEC line
seems to be more sensitive to hypoxia and reoxygenation. Furthermore,
the type II cEC's (both cell lines) show higher genotoxic effects than
the bbb associated type I cEC's (supported by the Ernst Schering
Research Foundation, Berlin).
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Adaptive response of rat hepatocytes to y-irradiation and
heavy metals
A.B.C. KARPF AND P.M. ECKL
Institute of Genetics and General Biology, University of Salzburg,
SALZBURG

Primary rat hepatocytes were exposed to y-radiation (60Co) doses of
1,10,100,500 cGy and the heavy metals Cd, Hg, Cr, Ni at
concentrations ranging from 10"u to 10"3 g/1 for Cd and Hg and 10"6 to
10A g/1 for Cr and Ni, respectively. Chromosomal aberrations and
micronuclei were recorded as a measure of genotoxicity.
The resulting dose response curves all show the same kind of a
plateauing effect with increasing irradiation dose and heavy metal
concentration, though at a different absolute level. Hence an induced
expression of genes counteracting the indirect exposition effect, i.e.
oxidative stress during exposure was assumed. Therefore, cell cultures
were supplemented with vitamin C (100 urn) prior to treatment. The
dose response obtained proved to be linear indicating that the radical
scavenger vitamin C inhibited this effect.
In a second series of experiments possible adaptive effects were
investigated. For this purpose rat hepatocytes first received various
adaptive doses (0.25,1,10,20 cGy) 20 hours after plating and were
exposed to the challenge doses after another 24 hours in culture. The
cells were fixed 48 hours later. The cells having received both the
adaptive and the challenge doses showed a reduction in the frequencies
of chromosomal aberrations and micronuclei. The lower the adaptive
dose the higher the reduction of the genotoxic effects. The highest
reduction was obtained at an adaptive dose of 0.25 cGy.
A similar reduction was observed with heavy metals, i.e. at an adaptive
dose of 10'7 g/1 for Cd and Hg under the. same conditions as for the
irradiation.
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DNA damage induced by alkoxyradicals
H.C. MAHLER1, A. REISINGER-FRIEBIS1, I. SCHULZ1,
W. ADAM2, G. GRIMM2 AND B. EPE1

'institute of Pharmacy, University of Mainz, Mainz, Germany;
2Institute of Organic Chemistry, University of Wurzburg, Wiirzburg,
Germany

Alkoxyradicals can be generated in cells by metal-catalysed or
photolytic decomposition of hydroperoxides, which are produced in the
autoxidation of unsaturated fatty acids. Their genotoxic potential
remains to be established. Recently, photolysis of the water soluble
peroxyester [4-[(tert-butyldioxy)carbonyl]benzyl]-
triethylammoniumchloride (BCBT) has been demonstrated to yield tert-
butoxyradicals. Here, we describe an analysis of the DNA damage
induced by this new source of alkoxyradicals. Repair endonuclases
(Fpg protein, endonuclease III, exonuclease III, T4-endonuclease V) in
combination with a relaxation assay were used to quantify various
types of oxidative DNA modification. The irradiation (UV360) of BCBT
in the presence of bacteriophage PM2 DNA was found to generate a
DNA damage profile that was dominated by base modifications
sensitive to the repair endonuclease Fpg protein. According to
HPLC/ECD analysis most of these modifications were 8-
hydroxyguanine (8-oxoG) residues. Oxidative pyrimidine modifications
(sensitive to endonuclease III), sites of base loss (AP sites) and single-
strand breaks were only minor modifications, in marked contrast to the
DNA damage profile induced by hydroxyl radicals. Experiments with
various scavengers and quenchers confirmed that the DNA damage by
BCBT + UV360 was indeed caused by tert-butoxyradicals as the
ultimate reactive species.
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Influence of exhaustive exercise on the urinary excretion
of 8-hydroxy-2'-deoxyguanosine
A. PILGER1. D. GERMADNIK1, P. HABER2, H.
RUDIGER1

'Department of Occupational Medicine, University of Vienna, Vienna,
Austria; department of Sports Medicine, University of Vienna,
Vienna, Austria

Physical exercise has been considered to induce the formation of
oxygen-free radicals, which may result in various DNA lesions. Among
them the base modification 8-hydroxy-2'-deoxyguanosine (8OHdG)
has received increasing attention. 8OHdG in DNA is repaired
efficiently via enzymatic pathways and has been proposed as a good
biological marker of oxidative stress in cellular DNA as well as in
urine. In order to quantify the genotoxic relevance of oxidative stress
during physical exercise we determined urinary levels of 8OHdG after
exhaustive treadmill test in a group of six untrained healthy male
individuals. Urine of each individual was fractionally collected during
24h. A significant increase in urinary 8OHdG was found in five
subjects 6 -12 hours after the treadmill test. This result suggests that a
single bout of exercise increases the excretion of 8OHdG and points to
an enhanced genotoxic action of free oxygen radicals during physical
activity.
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Comparative investigations of the genotoxicity of
hyperbaric oxygen in vivo and in vitro
A. ROTHFUSS. C. DENNOG AND G. SPEIT
Universitatsklinikum Ulm, Abteilung Medizinische Genetik, Ulm,
Germany

We have recently shown that exposure of volunteers to 100% oxygen
at a pressure of 2.5 ATA for a total of 3x20 min caused a clear and
reproducible induction of DNA single-strand-breaks and oxidative base
damage in the comet assay with peripheral blood. In contrast,
hyperbaric oxygen (HBO) treatment did not induce micronuclei and
HPRT mutations in lymphocytes. In order to overcome limiting factors
of human studies, we established an in vitro HBO model, where V79
cells are exposed to hyperbaric oxygen in a small hyperbaric chamber.
With this system it is possible to study dose-dependent genotoxic
effects of hyperbaric oxygen and their significance for the induction of
gene- and chromosome mutations. First results indicate that the
treatment conditions used in vivo do not induce detectable DNA
damage in cell cultures. A clear induction of DNA effects could only be
seen after treatment with 100% oxygen at a pressure of 4 ATA for 2h.
Tin's treatment already reduced cell survival to about 80%.
Investigations of the mutagenicity of hyperbaric oxygen in relation to
the treatment conditions are in progress.
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Protective effect of plant flavonoids against reactive
oxygen radicals
M. ZIELINSKA, E. IGNATOWICZ, W. FENRYCH
Department of Pharmaceutical Biochemistry, Karol Marcinkowski
University of Medical Sciences, Poznan, Poland

Flavonoids are widely distributed in vascular plants and they are often
found in traditional herbal medicines.
We have examined the inhibitory effects of natural flavonoids isolated
from Solidago canadensis var. scabra [3-0-quercetin glucoside and 3-
0-(6"-0-acetyl)-quercetin glucoside] and Tulipa gesneriana var.
Paradae [kaempferol-3-0-rutoside-7-0-glucuronide] on the in vitro
production and release of oxidative products in human
polymorphonuclear neutrophils. The phagocytosis and oxidative burst
were measured by: flow cytometric (FC) dichlorofluorescein (DCFH)-
oxidation assay, lumiol-enhanced chemiluminescence (CL) and by the
cytochrom c reduction assay.
The addition of flavonoids at the concentration range 10"6M- lO^M
significantly inhibited CL in a dose-dependent manner (p<0,01). In FC
test it was found that flavonoids decreased the H2O2 production but
only 3-0-quercetin glucoside at concentration 10^M significantly
decreased it in contrast to the controls. However, the fluorescence
intensity of phagocytosis, which indicates the amount of ingested
bacteria labelled by propidium iodide was not significantly changed.
Superoxide radical was significantly less intensively generated under
the influence of lO^M and 10"6M concentration of 3-0-(6"-0-acetyl)-
quercetin glucoside and lO^M and 10~5M of 3-0-quercetin glucoside.
These scavenging properties imply that the examined flavonoids may
have an anti-inflammatory action. The differences of action observed in
our study may result from different chemical structure.
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Use of Comet Assay to Identify Macrophages of Mice
Peritoneal Exudate and Detect UV-A Induced DNA
Damage
C. BOCK1, A. DUBE2, P.K. GUPTA2, K.O. GREULICH1

'institut fur Molekulare Biotechnologie, Jena, Germany; 2Centre for
Advanced Technology, Laser Programme, Indore, India

UV-A induced DNA damage and repair was investigated in stimulated
and resident mice peritoneal macrophages.
With the comet assay, we could distinguish peritoneal macrophages in
a mixture of peritoneal exudate cells at the single cell level. During
fluorescence microscopy identification of macrophages was simple and
other peritoneal exudate cells could be selected and omitted from data
analysis, due to the specific size and shape of their nuclei. We observed
the expected linear relationship between DNA single strand breaks and
UV-A radiation fluence, which proves that the simple characterisation
of the comets, by the tail length is suitable to describe DNA damage.
For peritoneal macrophages it is not necessary to use the complex
parameter tail moment.
Our results indicate that stimulated macrophages are more sensitive to
UV-A light than resident cells. The DNA repair studies demonstrate
that this is not due to different DNA repair activities, since similarly
efficient DNA repair was observed for both cell types. The differences
in UV-A sensitivity may arise due to self protection mechanism against
secretory reactive oxygen in stimulated macrophages, as UV-A
radiation is known to induce DNA damage via reactive oxygen
intermediates.
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Response of transposon bearing Escherichia coli AB1157
derivatives to halogen light irradiation
C. JANION AND A. WOJCIK
Institute of Biochemistry and Biophysics, Polish Academy of Sciences,
Warsaw, Poland

Transposons are widely used as tools for construction of bacterial
strains and as carriers for genetic material. We have found, however,
that Tn70/Tn5 transposon is not an indifferent insertion in bacterial
cells but makes bacteria more sensitive to and less mutable (argE3-$
Arg+) by halogen light and UV-irradiation. These effects are not
dependent on the site of transposon insertion and are most probably
result of UmuD and UmuC deficiency, since (i) Both of them may be
suppressed by overproduction of the UmuD and UmuC proteins; (ii)
Insertion of Tn70/Tn5 into chromosomal DNA has no effect on the
level of mutation induced by EMS-treatment, a mutagen whose activity
is umuDC independent and (iii) The decline in survival is in about the
same range for Tn/0 bearing bacteria as for the bacteria with deleted
umuDC. However, whereas in bacteria with deleted umuDC and
transformed with a plasmid overproducing UmuDC, there is a full
recovery of halogen light-induced mutagenesis, recovery of survival is
poor. This suggests that mechanisms leading to MmwDC-dependent
mutagenesis and to «wwZ)C-dependent recovery of the survival may be
different. Of the investigated transposons only insertion of Tn/0 and
Tn5 influences the survival and mutagenicity of the irradiated cells,
whereas insertion of transposon Tn9 does not.
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In vitro photogenotoxicity studies using the micronucleus
assay in V79 cells
B. KERSTEN'. J. ZHANG1, R. SCHLEICHER1, G.
KAUFMANN1, P. KASPER1, S.Y. BRENDLER-
SCHWAAB2 AND L. MULLER1

'Federal Institute for Drugs and Medical Devices, Berlin, Germany.
2Toxicology, Bayer AG, Wuppertal, Germany

The micronucleus assay in V79 cells has been adapted to detect
photocytotoxic and photogenotoxic effects of drugs. V79 cells were
treated with test compounds and further irradiated using the Suntest
CPS machine equipped with a xenon burner as light source. The
influence of different treatment conditions as well as different UV
radiation conditions, i.e. UVB/UVA relationship and UV dosis on
micronucleus frequency and proliferation index induced by 8-MOP has
been tested.
Based on these results a sensitive test protocol has been established to
quantify the photogenotoxic potential of drugs. Cell cultures are
exposed to serial dilutions of the test compound for thirty minutes in
the dark and then irradiated with a UVA dosis of 400 mJ/cm2. The
UVB/UVA relationship of the radiation is about 1:35. Cells are then
incubated for 24h in drug-free medium and micronucleus frequency and
proliferation index are determined in comparison to unirradiated
controls.
Following this protocol different compounds known as
photosensitisers, i.e. 8-MOP, lomefloxacin, grepafloxacin and
chlorpromazin induced micronuclei in V79 cells following UV
radiation. Further studies are under way to include antioxidants or other
potential effect modulators (e.g. radical scavengers, topoisomerase
interactors) into the test system in order to obtain mechanistic insights.
This work was supported from the German Ministry for Research,
Grant No. 0311397/916.
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The effect of sulA and Ion mutations on Escherichia coli
K-12 AB1157 phenotype and response to halogen light-
irradiation
A. WOJCIK AND C. JANION
Department of Molecular Biology, Institute of Biochemistry and
Biophysics, PAS, Warsaw, Poland

We have previously shown that halogen light-induced argE3-> Arg+

reversions in Escherichia coli K12 AB1157, which occur by supB
suppressor formation, undergo the MFD phenomenon. Presently we are
studying the effect of Ion and sulA mutations on the bacterial response
to halogen light irradiation.
The gene Ion encodes the ATP-dependent La protease that degrades
abnormal and short-living proteins including UmuD, UmuC and SulA.
SulA is a cell division inhibitor, induced during the SOS response. The
Ion mutants show a mucoid phenotype and increased sensitivity to UV
irradiation. The latter is suppressed by the sulA mutation.
We have examined two Ion alleles in an AB1157 background, lon-1, a
point mutation, and a Ionl46::1nl0 disrupted mutation. We found that
lonl46::TnlO shows a much stronger mucoid phenotype than lon-1.
The UV-sensitivity of the former is ~1 OO-fold greater than the latter.
The UV-sensitivity of the latter is similar to that of the AB1157(/o«+j
strain.
The argE3—> Arg+ reversion frequency and the MFD effect of the
single lon-1 and sulA mutants are comparable to those observed in
AB1157 strain. Surprisingly, there is a dramatic mutation frequency
decrease and no MFD effect in the double lon-sulA mutants and only
Arg+ back revertants are formed.
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Cytotoxicity induced by the photochemical oxyl-radical
sources w-alkoxypyridinethiones
M. MOLLERA. H. STOPPERA, W. ADAM6, G.N. GRIMMB

ANDC.R. SAHA-MOLLERB

Institute of Pharmacology and Toxicologya, and Institute of Organic
Chemistryb, University of Wurzburg, Germany

Oxyl radicals (hydroxyl and alkoxyl) are involved in oxidative stress ;
therefore, these oxidants are of biological importance. Although the
genotoxicity as well as the cytotoxicity of hydroxyl radicals have been
studied intensively, scarcely anything is known about the cytotoxicity
of alkoxyl radicals.
Recently we have reported that the Af-alkoxylpyridinethiones 1 induce
strand breaks in supercoiled pBR 322 DNA through alkoxyl radicals
generated in the photolysis (350 nm) of these oxyl-radical sources. To
assess the cell-damaging activity of alkoxyl radicals, we have studied
the cytotoxicity of pyridinethiones 1 in mouse lymphoma L 5178 Y
cells under photolytic conditions.
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Indeed, the A^-alkoxypyridinethiones 1 exhibit dose-dependent
cytotoxicity in these cells under irradiation at 365 nm. Our
investigations have revealed that the cytotoxicity is caused
predominantly by membrane damage; genotoxicity plays a minor role in
this biological process. The use of the radical quencher glutathione
protects the cells effectively against membrane damage. With these
results we demonstrated that the alkoxyl radicals formed in the
photolysis of the pyridinethiones 1 are a effective cell-damaging
species. The details of these photobiological studies in cells will be
presented.
Acknowledgement: The financial support by the Deutsche
Forschungsgemeinschaft (SFB 172) is appreciated.
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Influence of metabolic genotype GSTMl on levels of
urinary mutagens in patients treated topically with coal
tar
G. GABBANL S. PAVANELLO, B. NARDINI, O.
TOGNATO, A. BORDIN AND E. CLONFERO
Istituto di Medicina del Lavoro, Universita' di Padova, Ospedale
Giustinianeo, Padova, Italy

Dermatological patients, subjected to topical treatment with ointments
based on coal tar (CT), have high levels of mutagenic activity, in their
urine. Recent studies demonstrate that urinary mutagen levels may be
influenced by metabolic polymorphism. Twelve dermatological
patients, none of whom smoked, were treated with 2% CT ointments in
order to assess the influence of metabolic genotype GSTMl on urinary
mutagen levels. Urinary 1-pyrenol was used as an internal dose marker
of exposure to polycyclic aromatic hydrocarbons (PAH). 24-hour urine
samples collected after 3 days of treatment were assayed by the
bacterial mutagenesis test using plate incorporation and preincubation
(with S9 and p-glucuronidase) on Salmonella typhimurium strains
TA98 and YG1024. Increased urinary mutagenic activity, (Rs/Rc>2),
was observable only using oversensitive YG1024 strain. On YG1024
strain, mean urinary mutagenic activity values of GSTMl negative
(n=5) and positive (n=7) subjects were 65401 ±43 640 and
37782±10849 net revertants 24-hour, respectively. Correcting these
values of urinary mutagenic activity for exposure to PAH, the mean
excretion of mutagens in GSTMl-negative patients were more than
double those of GSTMl-positive ones (152±86 versus 74±26 net
revertants/nmoles of urinary 1-pyrenol; Mann-Whitney U test, U=6,
P<0.05). These results indicate a greater genotoxic risk resulting from
topical application of CT in GSTMl-negative patients.

153



P042

Influence of microsomal epoxide hydrolase genotype on
the induction of sister chromatid exchanges by styrene-
7,8-oxide in cultured human lymphocytes
H. NORPPA. H. JARVENTAUS, A. HIRVONEN
Finnish Institute of Occupational Health, Helsinki, Finland

Styrene-7,8-oxide, a reactive intermediate of styrene, is inactivated by
conversion into styrene glycol in a reaction catalysed by microsomal
epoxide hydrolase. The microsomal epoxide hydrolase gene (EPHX) is
polymorphic in man, and allelic variants Hism (exon 3) and Argn9
(exon 4) have been associated with decreased and increased enzyme
activities, respectively. As epoxide hydrolase is the key enzyme in
styrene-7,8-oxide detoxification, its polymorphism may lead to inter-
individual differences in sensitivity to styrene-7,8-oxide. In the present
study, SCE induction by styrene-7,8-oxide in cultured lymphocytes was
compared in sixteen subjects (all Hisl39 homozygotes and GSTT1
positive) homozygous for either Hisn3 or Tyrn3. The results showed a
clear induction of SCEs by 0.05 mM and 0.15 mM styrene-7,8-oxide in
all subjects but no differences between the two genotypes. Therefore,
the TyrinHis polymorphism does not appear to be important in
determining the in vitro genotoxicity of styrene-7,8-oxide in human
lymphocytes. This finding may reflect the relatively low epoxide
hydrolase activity of lymphocytes. The EPHX polymorphism may thus
have more importance in vivo in the liver, the primary site of styrene-
7,8-oxide detoxification, where epoxide hydrolase activity is much
higher than in lymphocytes.
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N-Ethyl-N-nitrosourea (ENU) induced mutations in
female germ cells of Drosophila melanogaster mainly
occur at AT sites
L. ALVAREZ, ML. SIERRA, MA. COMENDADOR
Area de Genetica, Departamento de Biologia Funcional, Universidad
de Oviedo, Oviedo, Spain

Although in germ cells of higher eukaryotes there is a different
response to genotoxic action between sexes, traditionally, only
postmeiotic male germ cells were studied. However, recently we found
that ENU induced mutation molecular spectra in post and premeiotic
cells of D. melanogaster were completely different.
With these antecedents, we have determined the ENU induced
molecular spectrum in repair-active oocytes and oogonia of D.
melanogaster, using the specific locus test (SLT) with the vermilion
locus as target. The spectrum consists of 54% AT-GC transitions, 13%
GC-AT transitions and 33% AT-TA tranversions. So, most mutations
are induced at AT base pairs (87%).
Differences from the postmeiotic male spectrum may be explained by
the active repair of some adducts, such as O6-Ethyl dG and N-Ethyl-
induced abasic site. In addition, these results together with those from
premeiotic spectra of D. melanogaster and mouse males emphasize the
relevance, as premutagenic lessions, of the ENU-induced minor lesions
O4-Ethyl dT and O2-Ethyl dT, and reveals that Drosophila continues to
be an excellent model system, no matter the sex Analyse.
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Mutagenicity of diethylsulphate (DES) in postmeiotic
male cell of Drosophila melanogaster and molecular
mutation spectrum under mus308 conditions
N. DIAZ-VALDES. M.A. COMENDADOR, M.L. SIERRA
Area de Genetica, Departamento de Biologia Funcional, Universidad
de Oviedo, Oviedo, Spain

The mus308 gene product from D. melanogaster has been implicated
in the processing of both not excised, and therefore persistent lesions,
and those others which affect both DNA strands. To get more
information on this locus function, we studied the DES induced
mutagenicity in postmeiotic male germ cells, as well as the induced
molecular mutation spectrum using the sex linked recessive lethal test
and the vermilion locus as target gene.
Two different DES concentrations were assayed as they previously
were in proficient conditions. The results, when compared with those
from normal conditions, show hypermutability with the low
concentration and hypomutability with the high one. This means that
there are at least two different lesions which are processed by mus308
protein.
In addition, 14 vermilion mutants were isolated providing the following
mutation spectrum: 67% GC-AT transitions, 11% AT-GC transitions,
11% deletions and 11% translocations. There were no transversions,
and both the deletion and translocation can be explained by N-Ethyl
adducts .When the concentration is considered to analyse this
spectrum, results suggest that O4-Ethyl dT could be the lesion
responsible for the observed hypermutability, whereas N3-Ethyl dA
could be responsible for the hypomutability.
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Genotoxicity of fazarabine in the wing spot test of
Drosophila melanogaster: an exceptional pattern of
response
H.FREI AND F.E. WURGLER
Institute of Toxicology, Swiss Federal Institute of Technology and
University of Zurich, Schwerzenbach, Switzerland

The wing spot test of Drosophila melanogaster is a Somatic Mutation
and Recombination Test (SMART) which has been evaluated against
all known classes of mutagens and genotoxic carcinogens. The assay is
based on loss of heterozygosity for the recessive wing cell mutations
multiple wing hairs (mwh) and flare (fir). In the wing primordia of
mwh/flr trans-heterozygous larvae, genotoxins induce clones which
become manifest in the adult as phenotypically mutant wing spots.
Depending on the chemical, some 10-25% of the spots are twin spots
(mwh clone adjacent to fir clone) due to mitotic recombination. The
majority are mwh single spots due to recombination, mutation or
deletion. In general, less than 3% mtflr single spots most of which are
probably due to double crossing over. The antineoplastic drug
fazarabine (arabinofuranosyl-5-azacytosine) is a unique genotoxin in
that it produces many more fir single spots (-24%) than twin spots
(-10%). We conclude that this particular pattern of response is due to
the specific combined effects on DNA synthesis of (i) the arabinose
sugar and (ii) the triazine moiety of 5-azacytosine. We hypothesise that
fazarabine produces flr single spots by some deletion generating
mechanism of "illegitimate" chromatid exchange.
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Triethylene glycol dimethacrylate induces gene deletions
at the hprt locus in V79 cells
SCHWEIKL. G. SCHMALZ
Department of Operative Dentistry and Periodontology, University of
Regensburg, Regensburg, Germany

Acrylate esters are applied in industrial and consumer products, often
associated with polymers and resins. Here, the difunctional
methacrylate, triethylene glycol dimethacrylate (TEGDMA), which is
frequently included in dental composites, caused a dose-dependent
increase of mutant frequencies at the hprt locus in V79-UL cells in the
absence of S9. Mutation spectra induced by 1 mMol/L TEGDMA were
analysed by the polymerase chain reaction (PCR). No DNA-sequence
deletions were observed in spontaneously occurring HPRT-deficient
cell clones. Consequently, all spontaneous mutations were caused by
point mutations. TEGDMA treated cells exhibited different mutation
spectra. Only one cell clone among a total of twenty-five contained all
exon sequences of the hprt gene. Large sequences were deleted in
twenty-four cell clones. Partial gene deletions occurred in four clones
from exon 5 through 9, and exon 1 was not amplified in one cell clone.
Coding sequences of the hprt gene were totally deleted in nineteen
HPRT-deficient clones. The induction of mostly large deletions in the
genome of mammalian cells is typical for cross-linking agents,
including anticancer drugs. Since identical types of mutations were
identified in mutation assays, the induction of large DNA sequence
deletions as shown here with the reactive dimethacrylate, TEGDMA, is
probably common for acrylates and methacrylates.
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Is There Evidence for Natural Sunlight Induced DNA
Damage in the Mutation Spectra of Xeroderma
Pigmentosum Patients?
A. WOLFREYS1, L. HENDERSON1. C.F. ARLETT2, A.R.
LEHMANN2 AND M.H.L.GREEN2

'SEAC Toxicology Unit, Unilever Research Colworth, Sharnbrook,
Bedford, United Kingdom and 2MRC Cell Mutation Unit, University of
Sussex, Falmer, Brighton, United Kingdom.

Mutation spectra were generated at the hprt locus from the
spontaneously arising 6-thioguanine resistant circulating T-lymphocytes
in three donors with xeroderma pigmentosum (XP), complementation
groups A, F and V. Cells from XP donors are deficient in the repair of
UV radiation induced DNA damage and the increased incidence of skin
cancer in XP patients indicates they are also hypersensitive to natural
sunlight. Statistical analyses of the mutation spectra were performed to
assess whether XP donors differed from normal donors and, if so,
could these alterations be attributed to the UV radiation present in
natural sunlight.
To this end, the individual and combined XP donor mutation spectra
generated in this study were compared with the mutation spectra from
spontaneous T-lymphocytes from normal donors and UVC-irradiated
flbroblasts from normal and XP donors collated in the MutaBase
Software Human HPRT Database, Release 6, unbiased data. Initially
the overall mutation spectra were compared and then the base-pair
substitutions were divided according to whether they could be
attributed to UV-induced direct or indirect DNA damage and again
compared statistically.
These analyses indicated there is evidence of an altered mutation
spectra in the T-lymphocytes of XP donors but that, at present, this
cannot be attributed to a certain type of DNA damage.
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Concerning the equal decrease of the frequency of the
radiation induced dicentrics and translocations in mouse
splenocytes by radioprotector WR-2721
P. BENOVA, I. GEORGIEVA, M. GRIGOROVA, A.
NATARAJAN, M. BULANOVA, T. NIKOLOVA, R
CHRISTOVA, V. HADJIDEKOVA, A. YAGOVA, I.
RUPOVA, R. KUCHEVA
National Center of Radiobiology and Radiation Protection, Sofia,
Bulgaria

The exchange chromosome aberrations - dicentrics and translocations
are very important in the biologic dosimetry as well as predictive of the
carcinogenic risk. It is supposed that different types of repair kinetics
are involved in the formation of both chromosome lesions. The
radioprotective ability of WR-2721 is well known as a scavanger of
radiation induced OH' radicals and by the "chemical repair" of the
damaged DNA. The aim of the present work is to investigate the
influence of WR-2721 on the yield of the radiation induced dicentrics
and translocations in mouse splenocytes. Using FISH technique,
employing whole-chromosome specific libraries, we have proved that
both types of aberrations are at equal frequencies in the first mitosis
after the irradiation of mouse splenocytes. The mice were irradiated
with 137Cs gamma-rays at the doses: 1.0, 2.0 and 3.0 Gy. WR-2721
was administered 15 minutes before the irradiation at dose 300 mg/kg.
The mice were killed at the 28th hour after the irradiation. WR-2721
has decreased the yields of the dicentrics and the translocations with
about 34% at 2.0 Gy and with 40 - 44% at 3.0 Gy. No significant
difference in the diminution of the dicentrics in comparison with the
translocations by WR-2721 was found.
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Comparative study of the in vitro genotoxic and co-
genotoxic effects (Comet assay) of hard metal particles in
human lymphocytes and rat alveolar cells
M. DE BOECK1. C. COSTA1, G. ROESEMS2, B.
NEMERY2 AND M. KIRSCH-VOLDERS1

'Free University of Brussels (V.U.B.), Brussels, Belgium; 2Catholic
University of Leuven (K.U.L.), Leuven, Belgium.

Hard metal alloys are frequently used in industries where high
resistance to wear and heat is required. The exposure to dusts arising
from the use of these tools or their manufacturing may lead to
pulmonary disorders like interstitial fibrosis (hard metal disease) or
cancer, from which the aetiologies are insufficiently understood.
The alkaline Comet assay was used to evaluate the in vitro effects of
hard metal particles in isolated human lymphocytes and primary rat
alveolar cells. The effect of the WC-Co mixture was clearly higher than
that of Co and WC particles alone. A dose- and time-dependent
relationship was observed. In human lymphocytes an important
interdonor and interexperimental variability in the response was
detected. Induction of oxidative DNA damage was assessed by
combination of comet assay with the lesion specific Fpg enzyme. The
interaction of the particles with the repair of mutagen-induced DNA
damage was identified.
In conclusion, both genotoxic (direct or via oxidative damage) and co-
genotoxic effects (inhibition of repair) were shown to be relevant in the
induction of DNA damage by hard metal particles. Human lymphocytes
were more sensitive than rat alveolar cells.
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Effect of soy or rye supplementation of high-fat diets on
colon tumour development in azoxymethane-treated rats
M.J. DAVIES1. E.A BOWEY1, H. ADLERCREUTZ2, I.R.
ROWLAND1 AND P.C. RUMSBY1

'BIBRA International, Carshalton, Surrey, UK; 2University of Helsinki,
Meilahti Hospital, Helsinki, Finland

Much current interest has focused on the possible role of phyto-
oestrogens in the prevention of cancer. In this study we have
investigated the effects of isoflavones derived from soy and lignans
from rye bran on the development of colon tumours in azoxymethane-
treated F-344 rats.
Male F-344 rats were fed a carefully-balanced high fat diet based on
isoflavone-free soy protein or the same diet with isoflavones (IF) or rye
bran (KB). After two weeks on the diet, the rats received two
injections of azoxymethane (AOM, 15mg/kg) given one week apart..
Animals were humanely killed after 12 or 32 weeks on the diet and the
colons examined for aberrant crypt foci (ACF), the number of crypts
per focus and the presence of tumours.
Analysis of the number of ACF at 12 weeks revealed no differences
between any of the diets. The number of small ACF (<4 crypts/focus)
was increased in the EF-containing group while RB showed a decrease
in the larger ACF (>6 crypts/focus). The number of tumours found in
the colon at 32 weeks was significantly decreased in the RB group
while the IF group showed no change.
The rye bran containing lignans was protective against AOM-induced
tumours in the rat colon and this may involve the retardation of early
aberrant crypts while soy isoflavones do not appear to offer any
protection.
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Antimutagenicity of selenium compounds
G. BRONZETTI, P. ARETINI, M. CINI, B. CIMA, R. DEL
CARRATORE AND R. FIORIO
Istituto Mutagenesi e Differenziamento, CNR, Pisa, Italy

A concrete number of microelements has an important role in cellular
physiology with different functions. However, the microelement most
studies selenium and for the others such as zinc, molybdenum,
magnesium etc there are not many reports in particular for eventual
antimutagenicity properties. Selenium is defined a compounds with
double face. At low concentration heexerts a benefit effect showing in
particular anticarcinogenic properties, while at high concentration
selenium is toxic, mutagen and carginogen. In spite of different
behaviour, it is not well defined the level of selenium below which it is
anticarcinogen. Need to consider that selenium compounds are easy to
buy them in supermarket with a composition not well supported by an
appropriate study. In this work sodium selenite and selenomethionine
were studied in mammalian cell 79 line and in Saccharomyces
cerevisiae in order to investigate antimutagenic effects. In addition
experiments were performed to understand the level over which
selenium compounds show toxic effect. Results show that selenium
compounds have antimutagenic properties, both in the systems used. In
mammalian cells the optimal concentration is 0,5uMolar. In
Saccharomyces cerevisiae sodium selenite is more antimutagenic than
selenomethionine incells harvested in log phase but it is also more
toxic. The acceptable level for selenium selenite is 5uM, while for
selenomethionine is 25uM.toxic effects.
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Inhibitory effect of Salvia offidnalis extracts on SOS
functions induced by UV irradiation
M. FILIPIC1 AND D. BARICEVIC2

'National Institute of Biology, Ljubljana, Slovenija, 2University of
Ljubljana, Biotechincal Faculty, Ljubljana, Slovenija

The antigenotoxic effects of Salvia officinalis extracts including the
inhibition of UV induced SOS response and UV induced mutagenesis,
were investigated in Salmonella typhimurium TA1535/pSK1002 and
Escherichia coli WP2 and WP2uvrA strains.
Induction of the SOS gene (umuC) expression was assayed by
measuring accumulated beta-galactosidase activity. We found that
Salvia officinalis extracts inhibited UV induced umuC expression in a
dose-dependent manner.
Further, we tested the antimutagenic effect of extracts on UV induced
mutations with excision repair proficient E. coli strain WP2 and it's
excision repair deficient derivative WP2uvrA. The extracts reduced the
number of UV induced revertants in both strains, but the reduction was
significantly more efficient in the repair proficient strain.
These results indicate that Salvia officinalis extracts act as an inhibitor
of SOS functions on one hand and as promoter of DNA excision repair
functions on the other.
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Mutation Process as the Result of Postreplication Repair
Operation
P. GRIGORIU DE BUENDIA
Institute de Genetica, Universidad de los Andes, Bogota, Colombia

The contribution of different repair mechanisms in the mutagenesis
process is poorly understood in complex organisms like Drosophila.
Double mutants with two prereplication (mus306musl03), with two
postreplication (mus302msl04, mus302musl01) and with a pre- and a
post- replication repair deficiencies (mus207musl04) were constructed
in this research. Studies of larval viability of these double mutants, after
treatments with MMS, have shown that postreplication repairs make a
great contribution to the maintenance of cellular viability, whereas
preplication repairs make a smaller contribution. When mutability was
studied, the contrary was observed. Prereplication repairs make a great
contribution to the maintenance of genetic information whereas
postreplication repairs make a negative contribution. To analyse the
mutagenesis process more, caffeine known for its inhibitory effects on
postreplication repair (Boyd and Setlow, 1976) was used. A decrease
of the high mutation rate of the double mutant with two prereplication
repair deficiencies (mus306musl03) was observed. This strengthens
the idea that mutagenesis process is due to the operation of
postreplication repairs. These kinds of studies could be useful in order
to increase knowledge about mutagenesis and antimutagenesis, the
understanding of wliich is important for the control of environmental
carcinogenesis (Sanyal et al., 1997).
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Effects of 1,4-dihydroisonicotinic acid derivativesonEMS
clastogenicity in mouse bone marrow cells
R.I. GONCHAROVA. T.D. KUZHIR, O.V.DALIVELYA,
Institute of Genetics and Cytology, National Academy of Sciences of
Belarus, Minsk, Republic of Belarus

Antimutagenic effects of the 1,4-dihydroisonicotinic acid derivatives
(2,6-dimethyl-3,5-diethoxycarbonil-4-(Na carboxylate)-l ,4-
dihydropyridine (DHP) and glutapirone (GP) were studied under in
vivo pretreatment (i.p.) of mouse males CBAxC57Bl/6j. Ethyl
methanesulfonate (EMS) was injected 12 or 24 h later. Bone marrow
samples were fixed 12, 24, 36, 48 and 72 h after EMS administration.
Both chromosome aberrations and micronuclei (MN) were scored.
DHP at doses of 1/100, 1/50 and 1/10 LD50 decreased EMS-induced
level of aberrant cells by 33, 58 and 65%, respectively. When applying
MN-test, EMS-induced chromosome breakage was monitored during
72 h. In the case of the higher EMS dose (300 mg/kg), maximum MN
yield was found 36 h after mutagen injection. DHP (1/10 LD50) showed
the most efficiency at the same time. The frequency of micronucleated
polychromatic erythrocytes was decreased by one third. When applying
EMS in concentration of 200 mg/kg, GP (lmM) reduced frequency of
micronucleated cells 24 h after mutagen administration that also
corresponded to maximum MN yield.
The results obtained indicate that antimutagens prevent DNA adduct
formation. 1,4-DHINA derivatives are known to increase the content of
glutathione and some antioxidant vitamins in mammals. Therefore
antimutagenic effects seem to be due to induction or stimulation of
electrophile-detoxifying systems.
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Relationship of cogenotoxicity, cytochrome
concentrations and nitro musk residues in tissues of rats
V.MERSCH-SUNDERMANN1, A. REINHARDT1, K.
WITT2, H.-M. HELBICH3, J. FUNK1, C. JENTER1, A.
HELLING1, A. HAAG1, M. EMIG1

'Department of Medical Microbiology and Hygiene, Faculty of Clinical
Medicine Mannheim, University of Heidelberg, Germany; 2University
Children Hospital Mannheim, Germany; 3Procter and Gamble,
Bagshot, Surrey, U.K.

After i.p. application of 5-40 mg musk ketone (MK) over a period of 5
days enzyme fractions of livers, kidneys and lungs (S9M) of rats were
studied for their potency to metabolise progenotoxicants to ultimate
genotoxicants. The genotoxic potency was examined in the SOS
chromotest {E.coli PQ37) using S9M as an exogenous metabolising
system. Additionally, the concentrations of P450 cytochromes (CYP) in
S9M were measured (ELISA). Furthermore, MK residues were
examined in the tissues by GC/MS. The relationships between
cogenotoxic potencies, MK tissue residues and concentrations of
various cytochrome families were calculated.
S9M fractions obtained from rat livers produced a significant increase in
the toxification of progenotoxicants like benzo[a]pyrene, 2-
aminoanthacene and aflatoxin Bl (in comparison to the use of liver-S9
of untreated rats). Only weak or no cogenotoxic properties were
identified when using S9M of lungs and kidneys.
The examination of CYP concentrations in rat liver S9M after MK
treatment exhibited an induction of CYP1A, CYP2B and CYP3A
enzymes (ELISA). For instance, the correlation coefficient of CYP1A1
concentrations and genotoxicity in the SOS chromotest was r=0,85.
Additionally, the concentrations of MK residues correlated to both
CYP concentrations and genotoxicity. On the basis of the present study
MK act as a strong cogenotoxicant.
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Clastogenic Effect of Acrylamide Alone and Combined
with Verapamil in Mice of Different Strains
E.V. NESTEROVA. A.D. DURNEV, S.B. SEREDENIN
Laboratory of Pharmacology of Mutagenesis, Institute of Pharmacology
RAMS, Moscow, Russia

The effect of acrylamide upon the genetic structures of somatic cells in
vivo remains unclear. The present study was conducted with the aim to
evaluate the clastogenic action of acrylamide using mice of various
strains also after provocative treatment with verapamil which appears
to be a co-mutagenic agent. Acrylamide was administered at doses of
50 and 100 mg/kg intraperitoneally as a single or 5-fold dosage at 24 h
interval, its clastogenic activity was assessed using the chromosomal
aberrations assay in bone marrow cells of CBA, BALB/c and C57BL/6
male mice aged 1,5-2 month. Additionally, in the last two strains the
clastogenic activity was evaluated using acrylamide - verapamil
combination, the latter being administered at doses ranging between 0,1
and 10 mg/kg intraperitoneally, and from 2,5 - 10 mg/kg
intragastrically. The combination of compounds tested was given as a
single and 5-fold dosage at 24 h interval. Acrylamide at tested doses
was found to significantly increase the incidence of aberrant cells after
single and repeated administration only in BALB/c and C57BL/6 but
not CBA mice. At both used doses acrylamide demonstrated a similar
clastogenic effect with no factual differences in BALB/c and C57BL/6
mice. Verapamil affected the clastogenic effect of acrylamide only in
BALB/c strain. Given at single or repeated doses of 2,5 and 5 mg/kg
intragastrically as well as a single dose of 2,5 mg/kg intraperitoneally,
verapamil significantly augmented by 1,5-2-fold the clastogenic effect
of acrylamide. Thus, it can be concluded that the level of acrylamide
clastogenic activity in somatic cells of mice is strongly depending upon
the genotype of tested animals. In BALB/c mice verapamil is able to
increase this clastogenic effect of acrylamide.
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Antimutagenic activity of ellagic acid, rutin and
psoralens against aflatoxin Bl.
GRZESIUK E2. J. PIERZYNOWSKA1, J. WOJCIK2

1 Dept. Nutrition Assessment, Agricultural University,
Nowoursynowska, Warsaw, Poland; 2 Institute of Biochemistry and
Biophysics PAS, Pawinskiego, Warsaw, Poland

Aflatoxin Bl (AFB1) is a potent mutagenic and cancerogenic
mycotoxin produced by Aspergillus flavus. Epidemiological studies
have established that it is one of the important risk factor for
hepatocellular carcinoma in southern Africa and China. AFB1 is
frequently found in food and food-stuffs such as corn, peanuts and
cotton seeds. Upon appropriate metabolism in a cytochrome P450-
dependent reaction the resulting epoxide binds to DNA and induces
point mutations. Using Salmonella microsuspension assay we have
examined the antimutagenicity of ellagic acid, rutin and psoralens
against AFB1. Psoralen shows the most potent anti-AFB 1 properties in
TA98 and TA100 strains, rutin is least potent. Because of high
antimutagenic potency of psoralen we have examined the
antimutagenicity of psoralen derivatives: trimethylpsoralen (TMP), 8-
methoxypsoralen (8-MOP) and 3-carbothoxypsoralen (3-CP). Among
them TMP is the most active, 8-MOP behaves like psoralen and 3-CP
has no antimutagenic properties at all. The mechanisms of AFB 1 action
has been studied with model components: guanine and guanosine by !H
NMR technic. Using the same technic the antimutagenic activity
against AFB1 of previously mentioned substances has been also
studied. The interests will be particularly focused on direct interaction
between AFB1 and psoralen molecules.
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Potential clastogenic and anticlastogenic effects of
synthesised garlic derivatives
P. ROSSNER1. H. BAVOROVA1, D. OEADLIKOVA1, M.
EERNA1, R. KUBEC2

'National Institute of Public Health, Prague, Czech Republic; 2Institute
of Chemical Technology, Prague, Czech Republic

Incidence of neoplastic diseases is influenced by various exogenous
factors among which nutritional factors are most marked. In recent
years information is expanding on the antimutagenic and
anticarcinogenic potency of substances found naturally in dietary
components or substances which are prepared synthetically. Garlic
contains considerable amounts of potentially chemopreventive
substances. The objective of present study was to identify clastogenic
or anticlastogenic potentials of synthetically prepared and pyrolysed
derivatives of garlic (S-methyl-L-cysteinsulphoxide [MCSO], S-propyl-
L-cysteinsulphoxide [PCSO], S-allyl-L-cysteinsulphoxide [ACSO])
using cytogenetic analysis of human peripheral lymphocytes with and
without metabolic activation system (MAS).
Clastogenic effects of pyrolysates were manifested in all tested
samples. Dose response effect was not observed. Effect of MAS on the
clastogenic activity was negligible. The combined action of pyrolysed
derivatives and reference clastogens (Thiotepa and Cyclophosphamide)
indicates antimutagenic potential of tested substances. Dose response
effect was not observed.
(Supported by grant of Czech Ministry of Health, IGA No. 4521-3).
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Antimutagenic potential of plant antioxidants
B. VUKOVIC-GACIC1, J. KNEZEVIC-VUKCEVIC1, S.
STANKOVIC1, D. MITIC1, L.J. IVKOVIC2, Z.A.
DJARMATI3, D. SIMIC1

'Microbiology, Faculty of Biology, University of Belgrade, Belgrade,
Yugoslavia; 2Hemofarm Group, Pharmaceutical Industry, Vrsac;
Yugoslavia; 3Centre of Technology and Ecology, Zrenjanin,
Yugoslavia

In this work we tested antimutagenic potential of whole extracts
obtained from Ginko biloba L. EGb-761 and Madura pomifera Rob.
Moreover, we tested pomiferine and osaine, having similar structure
but differing in their antioxidative potential, purified from osage orange
fruits (M. pomifera Rob.). Antimutagenic potential due to antioxidative
properties of extracts and components was screened using two
prokaryotic test systems:
(i) Salmonella typhimurium TA98 strain, hisD3052 rfa ((uvrB-
bio)/pKM101, (Maron and Ames, 1983) for detection of induced
hisD3052rHis+ reversions;
(ii) Escherichia coli K12 D3106 strain, argE3 mutT::Tn5, (Mitic et al,
in press) deficient in repair of oxidative damage of guanine nucleotide
(8-axo-G), for detection of spontaneous argE3 r Arg+ reversions.
TA98 strain was treated with ethidium bromide (EtBr), with or without
metabolic activation and the reduction of induced reversions was
monitored. BHT was used as model antioxidant.
Antimutagenic effect against EtBr-induced mutations was observed
with all tested extracts and components. According to our results, the
whole extract from Madura pomifera Rob. posses the highest
antimutagenic potential as compared to pomiferine, as well as osaine.
However, the significant reduction of spontaneous mutations was not
observed. Interestingly, pomiferine is stronger inhibitor of EtBr-induced
mutagenesis (43%) compared to osain (24%) which is in good
correlation with difference in their antioxidative potential.
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Induction of the cyt. P-450 and cell proliferation in the
liver of rats treated with some pesticides
G.-Y. KOSTKA, D. PALUT , J. KOPE^-SZLEZAK1

Department of Environmental Toxicology, National Institute of
Hygiene, Warsaw, Poland; ' Department of Physiopathology, Institute
of Haematology and Blood Transfusion, Warsaw, Poland

The aim of present studies was to describe the effect of permethrin [3-
phenoxybenzyl-3-(2,2-dichloro-vinyl)-2,2-dimethylcyclopropane
carboxylate] and DDT [l,l-(2,2,2-trichloroethylidene)-bis-(4-
chlorobenzene)] on the early changes in rat liver, proposed to be useful
endpoints in screening of nongenotoxic carcinogens and /or liver
tumour promoters.
Males Wistar rats(Pzh:WIS) weighing 200±10g were used. Permethrin
and DDT were administered orally either in a single or in repeated
various doses( given at 24-h intervals). The hepatocyte proliferation
(DNA synthesis, mitotic activity and percentage of binuclear cells),
hepatomegaly and activity of hepatic monooxygenase system related to
cytochrome P-4502B and 1A have been investigated. The activities of
cytochrome(s) P-450 were measured by 7-pentoxyresorufin (PROD)
and 7-etoxyresorufin (EROD) O-dealkylation by S-9 fraction of rat
liver. DNA synthesis was measured of 6[3H] thymidine incorporation
into nuclear DNA. The number of mitoses and that of binuclear cells
were counted in 2000-3000 hepatocytes and expressed per 1000
hepatocytes. Histological hepatic changes were determined by
microscopy (400x) in preparations stained with haematoxylin and
eosin.
In case of both pesticides observed slight but statistically significant
(p<0.05) increase( to 20% of control) in RLW. Our studies indicated
differences in the hepatic proliferation between pertnethrin, on the one
hand and DDT on the other. In DDT-treated rats, the increase (3.6-fold
over the control) in DNA synthesis was accompanied by an increase in
mitotic activity of hepatocytes (4-fold) with a peak on the third day
after start of experiments. As opposite to DDT, permethrin induced
slight, sustained increase (to 60% of control) in DNA synthesis during
experimental period and were not observed changes in mitotic activity
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of hepatocytes as compared with control. For both, permethrin and
DDT increase in binucleation was observed. The studies on
cytochrome P-450- related O-dealkylase enzyme activities in hepatic S-
9 fraction (PROD,ER-OD) showed that both pesticides induced similar
( about 30-fold) increase in metabolism of 7-pentoxyresorufin. It should
be noted that permethrin and DDT only marginally induced EROD.
Histological and cytological analysis showed that DDT induced evident
focal necrosis and abnormal mitoses whereas permethrin caused slight
vacuolated cytoplasm and inflammatory infiltrations suggested
hepatocyte necrosis.
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Detection of nongenotoxic carcinogens by a modified
Ames test
SEINO1'2, J. SANO1, K. SHIMOI2, N. KINAE2

'Pharmaceutical Research Laboratories, Kyowa Hakko Kogyo Co.,
Ltd., Japan; laboratory of Food Hygiene, School of Food and
Nutritional Science, University of Shizuoka, Japan

A modified Ames test was developed by Dertinger et al. in 1994 for the
detection of nongenotoxic carcinogens(NGC). They proposed one
criteria of NGC, a 1.75-fold increase (the standard threshold) of
histidine non-requiring mutants in a combination of a test compound
and 2-aminonathracene(2AA), compared with that of 2AA single
application. In this work, the assay was verified with a variety of NGC
containing reserpine, diethylstilbestrol, 12-o-tetradecanoylphorbol-13-
acetate and staurosporine, It was found that the assay is useful, if the
standard threshold is equal to and more than 1.37. We also
investigated the utility with several receptor-mediated
carcinogens(RMC) and cytotoxic carcinogens(CC). RMC was
classified into 4 subclasses: 1) ligands for estrogen receptors, 17p-
estradiol and mestranol; 2) those for arylhydrocarbon receptors,
hexachlorobenzene and p,p '-DDE; 3) those for peroxisome
proliferated-activated receptors(PPAR), clofibrate and diethylhexyl
phthalate(DEHP); 4) the compounds that mimic diacylglycerol and
activate protein kinase C, mezerein and (-)-indolactam V. Caffeic acid
and thioacetamide were chosen as CC. RMC except DEHP induced
more than 1.37-fold revertant colonies, whereas neither caffeic acid nor
thioacetamide enhanced the mutagenicity of 2AA.
These results show that the assay can detect RMC except for a part of
ligands for PPAR. Further trials to obtain higher sensitivity of the assay
are now in progress.
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Genetic monitoring of marine ecosystems using the
micronucleus test and the alkaline comet assay in flatfish
K. BELPAEME1. K. COOREMAN 2 AND M. KIRSCH-
VOLDERS1

'Laboratory for Cell Genetics, Free University Brussels, Brussels,
Belgium; 2Sea Fisheries Departement, Oostende, Belgium

Aquatic ecosystems are affected by anthropogenic pollutants. One of
the main groups of pollutants are the polycyclic aromatic hydrocarbons.
Some members of this group are known mutagens and carcinogens.
The monitoring of the effects of these contaminants, and identification
of indicator species and genetic monitoring techniques is important.
This work aims at determining whether the evaluation of DNA damage
is a sensitive parameter for exposure. Two genetic techniques are
compared in flatfish: the micronucleus test and the alkaline comet
assay. During laboratory experiments turbot were exposed to
ethylmethanesulphonate (EMS, 50 mg/1). The comet assay revealed a
statistically significant increase in DNA damage which was comparable
in blood, gill, liver and kidney, whereas there was no increase in
micronucleus frequency after exposure. Sampling of dab in the North
Sea did not show an increase in micronucleus frequencies in any of the
locations, but there was a clear induction in comet tails close to an oil
rigg. The response was clearest in blood, but less clear in liver, gill and
kidney tissue.
This work proves that chronic exposure to low levels of contaminants
can induce DNA damage which is detectable with the comet assay in
blood of flatfish environmentally exposed to mutagens.
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The reproductive activity in the population of
Vladikavkaz's citizens - as an indicator of the
anthropogene loading
L.A. BOBYLEWA. L.V. TCHOPICASHVILI, V.K.
TEDEEVA, F.G. TEDEEVA, F.K. ROUROUA

The purpose: to evaluate the quality of the anthropogene press by the
reproductive criterion of the Vladikavkaz's population.
In order to realize this purpose there were organized the studying of
the: interwomb development diseases' dynamics, and namely the
interwomb losses (EL) and the inborn defects of development (IDD),
which are caused in 50% occasions by the changes of the chromosome
- genotype. Genetical monitoring on the number of the EL and IDD
proved to be effective.
The retrospective analytical method of the archive materials in the
maternity homes and the gynecological departments in hospitals
revealed, that during the period from 1991 till 1996 there were
registered 20531 pregnancies and 871 of them finished with the IL,
which makes 4,2%. The distribution of the IL in years was even from
1991 till 1994, but the increasing enhancement of the frequency of the
DL was noted in 1996 — 14,3%, moreover the early EL (under 12
weeks) are twice more often than the late of them (18-20 weeks),
which is the evidence of the genetical reason of the EL.
The analysis of the information on the EDD indicates their essential
growth: if in 1992 there were 3,2% of children with the EDD, in 1996
their quote in the number of all newborn children achieved 8,6%.
Among the inborn defects of mulitifactorial genesis (from 0,82% in
1992, to 1,8% in 1996) the cleft of the upper lip made accordingly
(1,2% and 2,1%), the reducing defects of extremities - from 1,3% to
2,1%. At the same time it is indicated the growth of Dawn's decease
from 1,2% to 1,8%, but it must be noted that in 1996 the number of
newborn children with the syndrome of Down meet equally with
women under 20 years old, 20 and 30 years old, which testifies tj
chromosome - 20, under the effect of the anthropogene factor.
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Thus, these materials are the evidence of the genofound's gradation in
the population of Vladikavkaz.
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Analysis of human DNA adducts with the 32P-HPLC
method
C. CARLBERG AND L. MOLLER
Karolinska Institute, Dept. of Biosciences, Stockholm, Sweden

Humans, in addition to their genetic variability, are chronically exposed
to low doses of complex chemical mixtures, of which many are
mutagens/ carcinogens. A number of these substances binds covalently
to DNA and forms DNA adducts. The origin of these chemical
mixtures are likely smoke, air pollutants, pyrolysis products from fried
food to mention some sources. Our aims were to determine DNA
adduct levels and pattern in autopsy collected tissue from a general
Polish and Swedish population. The method used to detect DNA
adducts was 32P-HPLC. DNA was digested to 3 '-mononucleotide 3'-
phosphate and adduct 3'-phosphate with micrococcal nuclease and
spleen phosphodiesterase. The enrichment procedure used was butanol
extraction, to reduce non-adducted nucleotides. Thereafter the DNA
adducts were labeled with 32P-ATP. The whole injection-mixture was
injected into the 32P-HPLC equipped with an on-line radioactivity
detector. The results indicated a big interindividual variation for each
tissue e.g. Polish pancreas had a 200-fold variation and Swedish livers
had a 180-fold difference in DNA adduct level. The level of Polish and
Swedish DNA adducts were comparable but there was a different DNA
adduct pattern.
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Comparison between cytogenetic damages induced in
vivo by environmental chemicals or radiation
A. CEBULSKA-WASILEWSKA
Environmental and Radiation Biology Department, INP, Poland

The importance of various environmental exposures has been evident in
variation in cancer incidence and mortality. Benzene is considered to
be a human carcinogen, is clastogenic to rodents and humans, and it
affects the immune response. Workers in various industrial plants, are
exposed to benzene and benzene related compounds as a result of
various activities in which benzene is processed, generated or used.
Major sources of environmental exposure to benzene related
compounds, continue to be active and passive smoking, auto exhaust,
and driving or riding in automobiles. Benzene is of a particular
interest, not only because of its known toxicity, but also because this
was to be the parent compound and a model for extensive programs of
metabolism of a variety of aromatic chemicals. Ionising radiation is an
unavoidable physical agent that is presented in environment, and
public opinion is well aware against radiation risk and strongly against
it. The aim of the presentation was comparison between cytogenetic
damages induced in vivo by environmental chemicals with those of
radiation. Results from epidemiologic survey on genotoxicity in human
blood cells of benzene and benzene related compounds [1] were
compared to damages detected in lymphocytes of persons who had
been accidentally exposed to gamma radiation [2]. In the groups, that
had been occupationally or environmentally exposed to benzene related
compounds, total aberration frequencies, or percent of aberrant cells
ranged between 0 - 0.16 aberrations/cell or 16% of aberrant cells
respectively. An multivariate regression analysis confirmed: (i) a
significant association between cytogenetic damage and exposure to
benzene related compounds, (ii) a possible association between
cytogenetic damage and cancer, (iii) a significant influence of smoking
habit. In 1996 few persons were suspected to be accidentally exposed
to gamma radiation. To estimate the absorbed doses, lymphocytes from
their blood have been analysed for the presence of chromosomal
aberrations. The frequencies of dicentric and rings detected in
lymphocytes of two persons confirmed an exposure to ionising
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radiation. The absorbed doses estimates were done on the base of dose
response curves obtained previously. The doses exceeded ten times the
annual permissible dose. The highest total aberration frequency
measured was 0.14 aberrations/cell. Comparable levels of cytogenetic
damage observed in the groups from environmental survey and from
accidental exposure to radiation source confirmed that health hazard
from radiation exposure in a public opinion is often overestimated in a
contradiction to the everyday environmental hazard.
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Genetic epidemiological studies in the high background
radiation areas of Kerala coast in South India
P.S. CHAUHAN1, V.D. CHERIYAN1, C.J. KURIEN1, E.N.
RAMACHANDRAN1, C.V. KARUPPASAMY1, B.L. DAS1,
P.C. JAIKRISHAN1, K.P. GEORGE1, M.V. THAMPI1, V.
RAJAN2, P.K.M. KOYA1 AND P.C. KESAVAN1

Monazite Survey Project, Biosciences Group, Bhabha Atomic
Research Centre, Mumbai, 'Directorate of Health Services, Trivandrum

The monazite bearing and densely populated areas of the south-west
coast of Kerala provide unique opportunities of investigating the
biological effects of chronic low level natural background radiation
exposure directly on human population. The radiation levels range from
1.5 to 35 mGy/year with an average dose of 4 mGy/year. Since 1980s,
cytogenetic investigations have been carried out to estimate the
numerical and structural chromosome aberrations among the new-borns
at birth from normal background radiation areas (NBRA) and high
background radiation areas (HBRA). Cord blood samples collected
from hospital units located in the study area are grown as whole blood
cultures employing standard techniques to obtain chromosome
preparations at metaphase. From 10,230 samples analysed so far, 6572
are from NBRA and 3658 from HBRA. The frequency of dicentrics
among new-borns from NBRA and HBRA were 1.86 ± 0.17 and 1.83 ±
0.23 per 10,000 cells, respectively. The frequency of stable aberrations
(translocations and inversions) are 3.47 ± 0.24 and 3.34 ± 0.31 per
10,000 cells among new-borns from NBRA and HBRA, respectively.
The overall frequency of Karyotype anomalies of 0.54% is comparable
with the published reports and was not different between new-borns
from NBRA and HBRA. The Downs Syndrome (DS) cases detected
cytogenetically, so far, give a population frequency of 1 DS among
1350 births. The relatively low frequency of DS may be attributed to
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the fact that about 90% of the deliveries occur below the age group of
18 years. Among the 26,237 new-borns, the rate of twinning was 7.8.
and that of still births, 4.1 per 1000. Among singleton new-borns, the
incidence of malformation in the population was 14.6 per 1000 births
with 13.5 in HBRA and 14.9 in NBRA. A total of 18 Down Syndrome
cases were identified phenotypically at birth with an incidence of 1 in
1423 in HBRA and 1 in 1453 in NBRA. There was a maternal age
dependent increase in the incidence of congenital malformations,
twinning and chromosomal aberrations among the new-borns. An
increase in the twin births among consanguineous marriages was also
observed. None of the differences seen in the incidences of congenital
malformations and chromosomal aberrations between HBRA and
NBRA areas were statistically significant. The studies are in progress
to build a large database in due course of time.
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Chromosomal aberrations and sister chromatic!
exchanges induced during seed ageing in Crepis Capillaris
B. DIMITROV
Institute of Genetics, Sofia, Bulgaria

The incidence of chromosomal aberrations and of sister chromatid
exchanges (SCEs) arising during the ageing of Crepis capillaris seeds
were investigated. Seeds were stored for 3-9 years. Chromosomal
aberrations were analysed on metaphase chromosomes in first mitosis.
Colchicine block was used for the differentiation of individual mitotic
cycles. The fluorescence plus Giemsa technique was used for detection
of SCEs after unifilar incorporation of BrdU into DNA. The frequency
of chromosomal aberrations induced during the see ageing gradually
increased with the increase in the time of ageing, reaching its maximal
value after 9 years of ageing. Both chromatid and chromosome type
aberrations were observed in first mitosis. At all times of ageing the
frequency of chromosome type aberrations strongly surpassed that of
the chromatid type. At the same time the frequency of SCEs did not
increase even after the longest seed ageing. To clarify what are the
possible factors inducing damage leading to formation of chromosomal
aberrations during the seed ageing, dry fresh and aged seeds were
irradiated with gamma-rays (20-50 Gy). The data showed that the
frequency of chromosomal aberrations in irradiated aged seed was
higher than the sum of aberrations observed both in unirradiated aged
seeds and irradiated fresh seeds. This synergetic effect was more
clearly expressed in seeds stored for a longer time. These data were
interpreted as an evidence for decreased activity of repair systems as a
result of which the induced chromosomal damages were unable to be
repaired and hence chromosomal aberrations were formed.
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Exposures to polycyclic aromatic hydrocarbons: ambient
air of the industrial city (programme silesia - ostrava, 30-
day personal study)
L. DOBIAS1. R. WILLIAMS2, D. WALSH2, R. WATTS2, J.
HAVRANKOVA1, J. KUSOVA1, M. VIT1, J. VOLF1 AND J.
LEWTAS2

'Regional Institute of Hygiene, Depart, of Genetic Toxicology,
Ostrava, Czech Republic; 2U.S. Environmental Protection Agency,
NHEERL, USA

The aim of the study was to evaluate a relationship between the level of
load represented by PAHs from industrial and communal sources in
ambient air and changes of selected biomarkers in the exposed
population.
Methods:
- Personal exposure monitoring (30 non-smokers, 18 females and 12
men, 30-50 years old), four weeks, 24-hour sampling.
- Personal PAH exposure (in particulate matter PM 2.5), urine samples
(Creatinine, 1-OH Pyrene, mutagenicity), blood samples (DNA adducts
inWBC).
Results:
The night-time average fine particles concentration (43.2 ug/m3) was
approximately 50% of the daytime value. These higher exposures
during working hours may results from the work site being situated
downwind from industrial emission sources. Ambient B/a/P
concentrations from personal samples correlated (R2=0.77) with total
carcinogenic PAH concentrations. A total of 65.6% of urine samples
did not show a mutagenic effect in the Ames detection system. The
mutagenicity of urine samples was dependent on the personal PAHs
exposure levels. The DNA adduct profiles in our study participants was
very similar to coke oven workers /Mean RAL was 3.1 (range 0.7-8.0)
for environmentally exposed group.
(The study was supported by Grant of Czech and USA Governments -
Programme Silesia and Grant of MH CR No. 1696-3).
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Genotoxical effects of pollutants produced by the coke-
chemical plant
V. DRUZHININ. V. MININA AND M.ULYANOVA

Experimental data on two-year cytogenetic studies of chromosomal
damages in blood leukocytes of the workers of the Kemerovo coke-
chemical plant, one of the largest in Western Siberia are presented. The
plant has been polluting the environment since 1924 with chemicals
having mutagenic and carcinogenic characteristics: ammonia, sulphur
dioxide, phenol, formaldehyde, benz(a)pyrene and its derivatives, etc.
24 workers were tested in 1995 and 49 in 1996. 16 healthy donors
were a control group. 30 adolescents living within 2 km from the plant
were another control group. The results of the cytogenetic analysis are
the following: in 1995 the level of chromosomal damages in the
workers' group was (5,72±0,52%); in 1996 it was (5,0±0,38%). While
the aberration frequency for healthy workers was (2,0±0,33%) and the
one for adolescents was (3,64±0,37%). The differential analysis of
chromosomal damages among the workers in 1996 showed no
differences depending on sex, age, seniority and the state of health. The
minimum chromosomal damages were among the personnel other than
workers (4,2 ±0,71%) and the most adverse genotoxical effects were
registered among the workers contacting with the coke gas
(5,64±0,87%). It can be concluded that hazards of chemicals at this
plant result in appreciably great clastogenic effects which is a potential
threat to public health not only of the workers but for those living in the
plant neighbourhood.
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Radiation-induced germline mutations at mammalian
minisatellite loci
Y.E. DUBROVA1. M. PLUMB2, J. BROWN1 AND A.J.
JEFFREYS1

'Department of Genetics, University of Leicester, Leicester, UK,
2MRC Radiation and Genome Stability Unit, Harwell, UK

Minisatellite mutations were scored in the progeny of acute X-
irradiated and non-irradiated male mice. Our data suggest that mutation
induction is only attributable to the spermatogonia stage of
spermatogenesis, providing evidence for meiotic origin of minisatellite
germline mutation in mice. The frequency of mutations increased
linearly with radiation dosage from 0.5 Gy to 1 Gy with the doubling
dose 0.33 Gy, a value close to that obtained in mice using other
monitoring systems.
We have also extended this analysis to human populations inhabiting
rural areas of the Mogilev district of Belarus, which were heavily
contaminated after the Chernobyl accident. The data showed a two-fold
higher mutation rate in exposed families compared with non-irradiated
families from the United Kingdom. Within the Belarus cohort, mutation
rate was significantly greater in families with higher parental radiation
dose estimated for chronic exposure to caesium-137, consistent with
radiation induction of germline mutation. The potential use of
minisatellites in monitoring germline mutation in humans will be
discussed.
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Biomonitoring of occupational exposure to styrene in a
plastics lamination plant: comparison of the comet assay
and immunology
M. DUSINSKA1. J. TULINSKA1, E. JAHNOVA1, M.
SOMOROVSKA1, M. SULCOVA2, L. VODIEKOVA3, A.
LISKOVA1, B. VALLOVA1, R. FABRY1, K. HEMMINKI4,
H. NORPPA5, AD TATES6 AND P. VODIEKA7

'institute of Preventive and Clinical Medicine, Bratislava, Slovak
Republic; 2University of Tmava, Slovak Republic, 3National Institute
of Public Health, Prague, Czech Republic, 4Karolinska Institute,
NOVUM, Center for Nutrition and Toxicology, Sweden; 5Finnish
Institute of Occupational Health, Helsinki, Finland, ^Department of
Genetics and Chemical Mutagenesis, University of Leiden, Leiden, The
Netherlands; 7Institute of Experimental Medicine, Czech Academy of
Sciences, Prague, Czech Republic

In a comprehensive investigation of exposure to styrene among workers
in a hand lamination plant, we have monitored the following: styrene in
air; urinary mandelic acid; styrene in exhaled air and blood of exposed
workers; haemoglobin adducts; DNA adducts; DNA strand breaks
(SBs) and oxidised bases measured with the 'comet assay'; immune
parameters; chromosomal aberrations, micronuclei and HPRT mutant
frequencies; CYP 2E1, GSTM, GSTT, NAT1 and NAT2 genotypes;
and DNA repair capacity. We report here results obtained with some of
these markers.
Significantly more DNA SBs were found in lymphocytes of exposed
workers - a group of 18 directly exposed to high styrene concentration,
and a group of 9 exposed to lower concentration - in comparison with a
group of 18 unexposed control subjects (PO.001 for each group).
There was a strong correlation between frequency of SBs and years of
exposure (r=0.545, P<0.001).
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The proliferative response of T-lymphocytes stimulated with
concanavalin A was significantly suppressed in people exposed to both
levels of styrene (P<0.05). Phagocytic activity of polymorphonuclear
leukocytes and monocytes in peripheral blood was not altered. We
recorded a significant percentage increase in monocytes in both
exposed groups (PO.05). Workers exposed to higher concentrations of
styrene had significantly lower erythrocyte count and hematokrit
(P<0.05). Using flow cytometry increased expression of adhesion
molecules CD62L, CD 18, CDlla, CDllb, CD49d and CD54 was
found in exposed workers compared with the control group (P<0.05).
Supported by the Slovak Grant Agency of Ministry of Health, by EC
contract IC15-CT96-0302 and grant no. 3157 IGA of the Czech
Ministry of Health.
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Genotoxic "in vitro" studies of medicinal plants:
Chenopodium Ambrosioides (Chenopodiaceae)
A. GADANO1. M. LOPEZ NIGRO1, A. GURN12 AND M. A. CARBALLO1

'CIGETOX- Citogenetica y Genetica Toxicologica, Depto. Bioquimica
Clinica, 2Catedra de Farmacobotanica, Depto. de Farmacologia.3

Catedra de Farmacognosia, Depto. de Farmacologia. Facultad de
Farmacia y Bioquimica, Universidad de Buenos Aires Buenos Aires,
Argentina

Chenopodium ambrosioides, common name: Paico (Family:
Chenopodiaceae) is a medicinal plant that grows in Mexico, Peru,
Chile, Brazil and Argentina. Is the classical antihelmintic herb using in
Latin-America's folk medicine. The main component of the essential
oil is ascaridole.
The aim of this work is the evaluation of genetic damage induced by
aqueous extracts of this plant (Decoction and Infusion), which were
prepared according to Argentine Pharmacopoeia and were assayed in
different concentrations (1; 10; 100 and 1000 ug/mi), by addition of the
extract to human lymphocyte cell cultures .
The endpoints evaluated were: 1) Chromosomal Aberrations (CA), 2)
Sister Chromatid Exchanges (SCE) and additionally the Cell
Proliferation Kinetics and the Mitotic Indexes (MI) were determined.
The repeated measures analysis of variance was used for statistic
evaluation of the results.
The results show: 1) A statistical increase in the percentage of cells
with CA and in the frequency of SCE when cultures were exposed to
both preparations of Paico (AC: Decoction: p<0,01 Infusion: p<0,005.
SCE: Decoction:p<0,02 Infusion: p<0,001). 2) a decrease in MI of
both preparation assayed (Decoction: Xc+SD: 5,04±0,26;
XioooMg/ml+SD: 2,23± 0,38; Infusion: Xc+SD: 5,04±0,26;
X1OooHg/ml+SD: 3,96± 0,30 ) , although no modification in the CPK
values neither in the infusion nor in the decoction were observed. These
results suggest a possible genotoxic effect of both preparations,
probably due to different active compounds.
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Urine metabolite profiles of humans orally administered
methylurea with or without nitrite or nitrate
S.J. GANT1. A.L. HEWITT1, A.J. TURNBULL2, S. KELLY2,
D.J. ALEXANDER2 AND R.C. GARNER1

'JBUEC, Dept. of Biology, University of York, Heslington, York,
2York District Hospital, York,

Markers of DNA alkylation in urine are a convenient method of
monitoring exposure of the human population to nitrosocompounds
(NOCs). There is evidence that NOCs are causative agents of stomach
cancer which, though in decline, still has a poor prognosis. NOCs
generate DNA adducts including 3-methyladenine, N7-methylguanine
and 1-methyladenine which are detectable in the urine.
Patients at York District Hospital orally ingested 370kBq of
[14C]methylurea (specific activity: 2GBq/mmol) with/without sodium
nitrite/nitrate. Urine was collected for up to 48h post dosing. Urine
containing 50Bq was freeze-dried and re-suspended in the HPLC
aqueous phase. HPLC separation used aqueous heptafluorobutyric acid
(pH 2): methanol on a Cjg reversed-phase column with 3-
methyladenine and N7-methylguanine standards. Fractions were
collected and scintillation counted.
Preliminary results indicated that between 30 to 40% of the dose was
excreted in the urine. HPLC, combined with scintillation counting,
showed that the bulk of the radioactivity eluted in the void volume,
followed by 1 to 5 peaks of radioactivity. Peaks co-eluting with the two
adduct standards were seen, as well as an unknown metabolite, at
around 25 minutes at nearly all time points.
Further studies using specific anti-DNA adduct antibodies will be used
for characterisation purposes.
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Comparative cytogenetic biomonitoring in hospital
pharmacy personnel occupationally exposed to cytostatic
drugs and control personnel
D. GERMADNIK1, E. FRANZ-HAINZL1 , I. KOHLER2 ,
H.W. RUDIGER1

'University of Vienna, General Hospital, Department of Occupational
Medicine, Vienna, Austria .2EBEWE Arzneimittel Gesellschaft mbH,
Unterach, Austria

The objective of this study was to quantify micronuclei (MN), with and
without cytosine arabinoside (ARA-C), and sister chromatid exchanges
(SCE) in lymphocytes of hospital pharmacy personnel handling with
cytostatic drugs. A total of 22 matched pairs from 15 different hospitals
in Austria were compared. The pairs consisted of exposed person and
control person without exposure to cytostatic drugs. They were
matched by sex, age and smoking habits. With cytokinese-block
micronucleus assay (CBMN) 2000 binucleated cells (bnc) per sample
were scored and the results specified to 500 bnc. The mean frequency
of MN with ARA-C was 4.6 ± 2.3 and 3.6 + 2.3, without ARA-C 2.6 ±
1.4 and 3.1 ± 1.4 for exposed and control groups, respectively. SCE's
were counted in 15 cells containing 46 chromosomes. SCE per cell
values were 9.8 ±1.7 and 10.2 ± 3.7 for exposed and control groups,
respectively. Tested by Wilcoxon matched pairs test no significant
difference between exposed and non-exposed hospital pharmacy
personnel, regular involved in the preparation of cytostatic drugs, was
observed. However, Ara-C significantly increased the number of MN
in exposed individuals only (p<0.001) but not in the control group. This
may point to the presence of an excess of excision-repairable DNA
lesions in the exposed individuals, while the conventional CBMN
method without ARA-C is maybe not sensitive enough for cytogenetic
biomonitoring of genotoxic substances like antineoplastic drugs.
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The use of different cell lines in genotoxicity testing of
surface water samples with the comet assay
M. GLOS, A. SOKOLOWSKI, R. HELBIG, H.G.
MILTENBURGER
RCC Cytotest Cell Research GmbH, Rossdorf, Germany

The requirement for test methods which detect a genotoxic potential in
surface water is obvious for ecological and human health reasons. In
order to find a suitable test system the possible use of different cell
lines in the alkaline comet assay was tested. We investigated the
genotoxic effects of various mutagens and several natural surface water
samples in the Chinese hamster cell line V79 and the rainbow trout cell
line RTG-2. After adaptation and optimisation of the comet assay
protocol for both cell lines, we studied the short-term induction of
DNA damage by different genotoxic chemicals. Metabolic activation
was supported by co-incubation of the cells with rat liver S9-mix.
Cytotoxic effects were analysed by determining the plating efficiency,
and by the performance of the XTT-assay and the fluorescein
diacetate/ethidium bromide assay. The results showed a clear and dose-
dependent induction of DNA damage by the test substances in both cell
lines. However, V79 cells and RTG-2 cells differed markedly in their
sensitivity to the mutagens. The tests with river water samples also
revealed differences between the two cell lines. In the majority of
experiments with the mutagens, RTG-2-cells were more sensitive,
whereas in the tests with natural water samples V79 cells expressed
more often genotoxic effects.
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Dose-response relationships of low-dose chronic
irradiation
R. GONCHAROVA
Institute of Genetics and Cytology, National Academy of Sciences of
Belarus, Minsk, Belarus

It was also found that the values of reproductive parameters of pond
carp stripped fishes as well as the frequencies of cytogenetic enjuries
and morphoses of their offspring (embryos and larvae) depended on the
radionuclide concentration in germ products of the stripped fishes (in
hard roe - 48-157 Bq/kg, in milt roe - 133-281 Bq/kg) and therefore
were caused by the radiation exposure. The absorbed dose from
internal and external irradiation of germ cells in the stripped fishes per
day was from 4.7 to 5.4 n Gy.
Coefficients of determination calculated from the equations of multiple
regression show that relationship between biological effects and the
radionuclide concentration in pond carp, as a rule, is poor or very poor.
Thus, in the low-dose region the share of the chronic radiation factor
influence was minor in the recorded effects. Nevertheless, these
relations are significant and indicate the efficiency of extremely-low
doses of chronic irradiation.
In most cases the data obtained are better approximated by non-linear
than linear dependencies. However, low values of the recorded
biological effects hinder a definitive statistical choice of some or other
its type that results in vagueness in determining the shape of dose-
response relationships in the low-dose radiation region.
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Use of Tradescantia micronucleus assay for the detection
of genotoxic effects in heavy metal contaminated soils
E. GOTTMANN1, A. FOMIN2, C. PICKL2, A. PASCHKE3

AND S. KNASMULLER1

'institute for Cancer Research-Tumorbiology, Vienna, Austria,
2Institute of Landscape- and Plant-Ecology, Stuttgart, Germany, 3UFZ
Leipzig-Halle GmbH, Leipzig, Germany

In the present study the mutagenic effects of five heavy metal
contaminated soils were tested comparatively with two methodologies,
namely direct exposure of intact Tradescantia plants and exposure of
Tradescantia cuttings in aqueous leach eluates (pH 7.0 and pH 4.0) of
the soils. In addition, chemical analyses were carried out to determine
the metal concentrations in the soils and in the leachates. Soils from the
industrial areas Arnoldstein (Carinthia) and Brixlegg (Tyrol) and from
the mining area Kolarsky (Slowakia) contained a mix of various metals
(Zn, Pb, Cu, Cd, Sb, As), a sample from the Saualpe (Carinthia) had
highly elevated concentrations of arsenic, and in a compost sample
from Vienna the chromium concentration was slightly increased. Direct
exposure of intact Tradescantia plants into the soils resulted in a
drastic increase of the MN-frequencies over the background rates. With
the soils from Brixlegg, Arnoldstein, Vienna and Saualpe the increase
was 11-15 fold over the spontaneous background, the lowest effect was
observed with the soil sample from Kolarsky (4.4 fold increase over the
background). Upon exposure of the Tradescantia cuttings in aqueous
leachates, in neither case a significant increase of the MN-numbers was
observed regardless of the pH-value of the solution. However, the
promising results with Tradescantia implantation obtained in the
present study indicate, that the direct-exposure-model with
Tradescantia plants is a suitable approach for the detection of
genotoxic effects of metal contaminated soils.
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Genetic polymorphisms of glutathione S-transferase M l
and cytochrome P4501A1: a case control study
A. GSUR, G. HAIDINGER, I. HERBACEK, N.VETTER, N.
PRIDUN, P. HOLLAUS, C. VUTUC AND M. MICKSCHE
Institute for Tumorbiology - Cancer Research, University Vienna,
Vienna, Austria

In an ongoing case control study sofar 171 lung cancer patients and 148
age and sex matched control subjects (non-malignant lung diseases)
have been examined for the association between homozygous deletion
of the GSTM1 gene, polymorphisms of the CYP1A1 gene and lung
cancer risk among Caucasians. GSTM1 genotype has been analysed by
a PCR based method, B-globin was coamplified as an internal standard.
The CYP1A1 polymorphisms were determined by PCR/RFLP using
DNA from peripheral white blood cells: the mutation ml (Mspl
polymorphism in the 3vflanking region), m2 (BsrDI polymorphism in
exon 7) and m4 (Bsal polymorphism is located two bp upstream from
m2). Differences between groups were calculated by using Pearsons
chi-square test. Our data do not support an association between the
GSTM1 null genotype and lung cancer risk. We could not find any
significant difference between patients and controls for the
homozygous and heterozygous Mspl polymorphism. In contrast the
frequency of the heterozygous BsrDI polymorphism was in the lung
cancer group more than threefold higher compared to the control group.
The Bsal polymorphism was higher in the control subjects than in the
patients and may therefore not represent a susceptibility factor for lung
cancer risk. Recruitment for this study is ongoing in order to further
verify the obtained data.

(Supported by the "Medizinisch wissenschaftlicher Fond des
Burgermeister der Stadt Wien" # 1522)
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Absence of the sensitivity of bleomycin-induced
chromosomal breakage (Hsu-test) in head and neck
cancer patients
S. GUNDY. N. KATZ, E. REMENAR
National Institute of Oncology, Budapest, Hungary

T.C.Hsu and his school have developed an in vitro assay based on the
bleomycin-induced chromosomal breakage (CB), which might be a
potential quantitative measure of the individual sensitivity to
environmental carcinogens. The greatest sensitivity to bleomycin
damage was found in patients with cancer in tissues directly exposed to
the external environment. To demonstrate the existence of elevated
mutagen susceptibility in environment-related cancer, we studied CB in
4 groups of nearly 200 individuals: head and neck cancer patients
(HNCP) with strong alcohol consumption and smoking in the aetiology
of the cancer; heavy alcoholics with liver diseases (ALC); healthy
controls, and technicians exposed to organic solvents (EXP). The
spontaneous frequency of chromosomal aberrations (CAs) was
significantly higher in HNCPs (3.15%) and ALCs (3.14%) than in
controls (2.15%) and EXPs (2.09%). However, the bleomycin-induced
mean break/cell (b/c) index was significantly less in HNCPs (l.OOb/c)
and controls (1.09b/c) than in ALCs (1.35b/c) and EXPs (1.16b/c). The
percentage of persons with mutagen-sensitivity (defined as b/cell >0.8)
was surprisingly the highest (84.85%) among EXP individuals, while it
was similar in the other 3 groups (64-67%). We conclude that the
bleomycin test has less validity on the estimation of mutagen sensitivity
for head and neck cancer patients than chromosomal aberrations.
This study was supported by US-Hungarian Joint Fund grant No. 391
and OTKA grant No. 24125
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Trees as an object for monitoring of mutagens in the
urban environment
E.P. GUSKOV. T.P. SHKURAT AND T.V. VARDIYNI
Department of Genetics State University, Rostov-on-Don, Russia

Usually plant objects are used for the analysis of mutagens in the
environment. Investigation is carried out either at the sprout seeds, or at
one-year plants. However, some problems of biological dosimetry may
be solved in case perennial plants are used as objects for the reveal of
mutagenic effects of undifferentiated factors of urban environment.
Spring buds of the polar have been collected from different sites of the
town Rostov-on-Don: in the green zone, a residential part, near a
highway and some industrial districts during 1992-1997. Bud leaves
have been fixed in 3:1 ethanol-acetic acid. The orcein staining
technique was carrying out and pressed preparation has been made.
Chromosome aberration (CA) has been registrated in the anaphases.
The high level of cells with aberration of chromosomes was registered
in the central part of the town (near a highway) during 5 years. Rather a
high level is registered near the highway situated in the Eastern part of
the town and near the furniture-works. It should be noted that CA were
mainly presented as chromatid fragments in all parts excluding the
highway and the center of the town, where they were presented mainly
by chromosome bridges. Thus the five-year period of observation
shows that the level of CA objectively reflects the degree of pollution
of the town regions. The method of monitoring mutagenity of
environmental urban factors with use of bud leaves of the trees
(arboreal plants) was suggested.

207



P081

Developmental and genotoxic effects of bis (tri-n-
butyltin) oxide (tbto) on marine invertebrates
J. HAGGER. S. HILL, M. DEPLEDGE, A. JHA
Plymouth Environmental Research Centre, University of Plymouth, UK

Developmental effects of TBTO, the toxic ingredient in some
antifouling paints, were examined on embryo-larval stages of two
ecologically relevant marine organisms: Mytilus edulis (bivalve mollusc
) and Platynereis dumerilii (polychaete worm). In order to evaluate
potential genotoxic effects of TBTO on these organisms, we initially
determined the maximum tolerated dose (MTD). The MTD, an
established approach in mammalian genotoxicology, was calculated as
the EC70. Following 24 hours of development, the MTD for Platynereis
dumerilii and Mytilus edulis was 1.58 mg/1 and 3.84 mg/1 respectively,
whilst after 48 hours the values were 0.24 and 1.96 mg/1 . Results
suggest that :(a) early life stages of these organisms are more sensitive
to TBTO, (b) the toxicity of TBTO increases as a function of
concentration and time and (c) embryo-larval stages of Platynereis
dumerilii are relatively more sensitive to exposure of TBTO compared
with Mytilus edulis. Following the determination of the MTD, studies
are in progress to evaluate the potential genotoxic effects of TBTO
using cytogenetic endpoints, (sister chromatid exchanges and
chromosomal aberrations). Pre- and post-experimental concentrations
of TBTO will be examined using analytical techniques, e.g. HPLC and
ICP-MS, to complement the ecotoxicological and cytogenetical
parameters.
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Pilot studies demonstrating DNA methylation in the
human stomach after ingestion of [14C]methylurea
A.L. HEWITT1. S.J. GANT1, K. CURTIS2, A.J.
TURNBULL3, S. KELLY3, D.J. ALEXANDER3, J.G.
HOGGETT1, K.W. TURTELTAUB2 AND R.C. GARNER1

1 JBUEC, Dept. of Biology, University of York, Heslington, York, 2

Lawrence Livermore National Laboratory, Livermore, USA, 3 York
District Hospital, York

Models of gastric carcinogenesis indicate a variety of causative agents,
including the endogenous formation of N-nitroso compounds such as
N-nitroso-N-methylurea (MNU). MNU is formed by the nitrosation of
methylurea; this compound methylates DNA and is an animal
carcinogen.
Patients undergoing either a gastrectomy or ERCP (Endoscopic
Retrograde Cholangio Pancreatography) were administered 370kBq of
[14C]methylurea (specific activity: 2GBq/mmol) alone or in conjunction
with sodium nitrate or sodium nitrite. Blood, urine, gastric juice, normal
and tumour tissue (gastrectomy) and biopsies (ERCP) were collected.
DNA was extracted and purified from tissue samples and analysed by
accelerator mass spectrometry (AMS) to determine 14C content.
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The following results were obtained:
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4.417

This preliminary study demonstrates for the first time in humans that
endogenous nitrosation can occur, resulting in DNA methylation.
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Factors affecting formation of 8-hydroxy-2-
deoxyguanosine (8-OH-dG) in vitro
T. HQFER AND L. MOLLER
Karolinska Institute, Dept. of Biosciences, CNT/NOVUM, Huddinge,
Stockholm, Sweden

8-hydroxy-2'-deoxyguanosine (8-OH-dG) is believed to be the most
frequently formed base lesion in DNA and is formed when toxic
oxygen radicals («OH and 'C^) attack 2'-deoxyguanosine (dG). 8-OH-
dG is potentially mutagenic (leads mainly to G:C -> T:A transversions)
and is used as a biomarker for oxidative stress. However, 8-OH-dG can
easily be formed during the work-up procedure for its analysis
(HPLC/EC/UV), making it difficult to measure and with false high
levels as a result.
Factors leading to formation of 8-OH-dG from dG in vitro were
studied. 8-OH-dG was found to be formed in a temperature and oxygen
dependent Fenton reaction manner as a result of tiny amounts of
transition metals present. The temperature, Fe2+, ascorbic acid and
[32P]ATP are potent inducers of 8-OH-dG formation whereas pH (5.0-
9.0), Fe3+, laboratory light, phenol or sevag had no measurable effect.
The nitroxide TEMPO oxidises Fe2+ to Fe3+ and was a potent blocker
of Fe2+-catalyzed 8-OH-dG formation. A TEMPO-based method using
ultrapure chemicals, low temperature and short incubation times was
developed giving a background level in the liver of Sprague-Dawley
rats of 0.23 ± 0.020 8-OH-dG/105 dG which is up to 26 times lower
when compared to other reports using HPLC/EC/UV.

211



P084

Radiocesium biodosimetry and cytogenetic monitoring of
pikes {Esox lucius) caught in the Tom River near the
nuclear facilities of the Siberian Chemical Complex
N.N. ILYINSKIKH. E.N. ILYINSKIKH, IN. ILY1NSKIKH
Siberian Medical University, Tomsk, Russia

Between 1957 and 1993, the Siberian Chemical Complex (Tomsk-7)
located in the Tomsk region (Russia) regularly discharged radioactive
liquid wastes into the Tom River which resulted in an extensive
contamination of large territories with long lived radionuclides such as
cesium-137 and strontium-90. In the summers of 1996 and 1997, our
research team conducted biodosimetry and cytogenetic monitoring of
pikes (Esox lucius) caught in the Tom River at various distances
downstream from the Siberian Chemical Complex (SCC) using the
micronucleus test and the gamma spectroscopy. Our findings
demonstrated that the difference in frequency of micronucleated
erythrocytes between the radiation-exposed fish caught downstream
from the SCC and the controls was statistically significant (P<0.01).
Moreover, we found a good correlation between radiocesium
concentration and micronucleated erythrocyte frequency in pikes. It
was found that both the micronucleated erythrocyte frequency in pike
blood and the level of the pike radiocesium concentration depended on
the age of pikes. The micronucleated erythrocyte frequency gradually
increased from the one-year old pikes to the over-twenty-year-old
pikes. On the other hand, the average level of radiocesium
concentration gradually increased from the one-year-old pikes only up
to the ten-year-old pikes. There is no correlation between radiocesium
concentration and micronucleated erythrocyte frequency in the over
ten-year-old pikes.
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Induction of micronuclei in exfoliated oral inucosa cells
of Khat (Khata edulis) chewers
F. KASSIE1, M. KUNDI2, R. SCHULTE-HERMANN1 AND
S. KNASMULLER1

1 Institute of Tumor Biology-Cancer Research, University of Vienna,
Austria; 2 Institute of Environmental Hygiene, University of Vienna,
Austria

The habit of chewing fresh leaves of Khat to experience its euphonising
and psychostimulant effects has prevailed for centuries among
inhabitants of certain countries of East Africa and Arabian peninsula. In
order to investigate the possible health hazard associated with Khat
consumption, the micronucleus (MN) test was applied to exfoliated
oral mucosa cells of three population groups: (A) non-Khat chewers,
non-smokers, and non-drinkers of alcoholic beverages (B) non-
smokers, non-alcohol drinkers but Khat chewers and (C) smokers,
alcohol drinkers and Khat chewers. The study subjects were matched
for age, body weight and sex. While an elevated frequency of
micronucleated buccal mucosa cells was observed in both groups B and
C (approximately nine fold increase compared to group A), the
frequency in group C was slightly higher than group B (approximately
1.5 fold). Using a Spearman rank order correlation, we found that age
of study subjects, cigarette smoking and Khat chewing were
significantly correlated with induction of MN (p values of 0.41091,
0.012624 and 0.001649, respectively). When group B was further
divided according to the amount of Khat chewed per day (> 100 g/day
vs. < 100 g/day ), it became apparent that the frequency of
micronucleated cells is correlated with the amount of Khat chewed per
day (7 ± 4 MN/1000 cells for the higher dose and 2.5 ± 1.2 MN/1000
cells for the lower dose). Moreover, in a separate experiment where
desquamated cells were sampled at three different times from
individuals who chewed Khat for the first time, it was found that the
MN frequency in oral desquamated cells reaches to a maximum within
2-3 weeks post Khat feeding. Unlike oral cavity desquamated cells,
exfoliated cells from urinary bladder of Khat chewers proved negative
for induction of micronuclei. In conclusion, this is the first report on the
genotoxic effect of Khat in humans and the study demonstrates that
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Khat chewing might be considered as a risk factor for oral cavity
cancer.
This study was carried out with the help from the Austrian embassy in
Ethiopia.
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Biomonitoring of river water contaminants by
genotoxicity tests
N.KINAE, J. TANAKA, N. IMAMURA, T. TANISHO, M.
FURUGORI AND K. SHIMOI
School of Food and Nutritional Sciences, University of Shizuoka,
Shizuoka-shi, Japan

Environmental water in river, lake, pond and coastal area is
contaminated with a wide variety of chemicals such as polycyclic
aromatic hydrocarbons, PCBs, dioxins, pestisides and inorganic
chemicals. Some of them show genotoxic effect on aquatic organisms
and also on human beings. In this work, the mutagenicities of river
water at 5 different sites from Yodo river in Kyoto, Japan were
examined by using Ames test, micronucleus test and single cell gel
electrophoresis assay (comet assay). Several kinds of fish captured in
the same sampling sites were submitted to the latter two tests.
Exposure experiment of gold fish(Carassius auratus) to river water
was also carried out to ascertain the mutageiu'c activity. A significantly
higher frequency of micronuclei was observed in gills and peripheral
erythrocytes of fish caught in the down stream of the river, in
comparison to that of the upper stream. Gold fish exposed to river
water of the down stream gave significant increase in damaged DNA
ratio to that of the upper stream. To isolate mutagens, the river water
was applied to an Amberlite XAD-2000 column and the adsorbates
were extracted with ethylacetate. Six mutagenic fractions were
separated by HPLC on ODS columns. Several mutagenic compounds
containing 3-chloro-4-dichloromethyl-5-hydroxy-2(5H)furanone were
identified. These results showed that a combination of different
genotoxicity tests using fish species is a useful tool to monitor
mutagenic/carcinogenic compounds in aquatic environment.
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Investigation Of The Factors, Disguising The Radiation
Effects On Human Body
IB. KORZENEVA. T.V. STYAZHKINA, Y.E. DUBROVA,.
T.V. MALININA, V.D. PROKHOROVSKAYA, O.N.
KHOLOD
Russian Federal Nuclerar Center-All-Russia Scientific Research
Institute of Experimental Phusics (RFNC-VNIEEF),
Nizhnii Novgorod Region, Russia

Effect of radiation on posterity health can be disguised by the action of
another factors (hereditary and environmental). In is necessary to
characterize action of these factors on human body in order to
distinguish effects of only one radiological component of environment.
The goal of the work was to investigate series of hereditary and
environmental factors influence on childs' liability to a wide range of
spread diseases during the first three ears of life.
Data about 626 infants (326 boys and 300 girls) were included into the
analysis. Parents and grannies of observed children lived perminantly
near the nuclear power industry enterprise - Russian Federal Nuclear
Centre (RFNC-VNIEEF). Variability of following 8 polymorphic gene
loci was investigated by means of elecrrophoretic separation of blood
proteins.
Effects of the following factors were analysed:
• 19 characteristics of mothers;
• genetic factors (heterozygosis of childs);
• social factors.
he results of the undertaken investigation are as follows:
• Only two characteristics of mothers - chronic nephro-urological and
allergic diseases influence statistically significantly on children
morbidity.
• Heterozygosis of the considered gene loci combination doesn't
influence on general children morbidity during the first three years of
life. However, feeble statistically significant effects are revealed for
three loci: ACP, ESD and PGM1.
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• Children morbidity grows linearly with outcrossing degree increasing.
It doesn't depend on the extent of genetic differences between parents.
• Outcrossing effects on children morbidity are displayed freely from
the influence of some social characteristics of researched families.
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Possible approach to integrated genetic health prediction
for people expand to hazardous environments: a method
based on genotype and radiosensitivity analysis
IB. KORZENEVA. T.V. STYAZHKINA, S.I. ZAICHKINA,
S.L. ELYASH
Russian Federal Nuclear Center-All-Russia Scientific Research
Institute of Experimental Physics (RFNC-VNIIEF), Sarov, Nizhnii
Novgorod Region, Russia

Scientifically, our proposed approach is built upon the following
concepts:
it is possible to hold an earlier identification of hereditary
predisposition in the people to a wide variety of diseases with the help
of blood protein electrophoresis method. It may help predict then-
health conditions in case of their living and/or working in harmful
environments as well as to remote times after an environmental
catastrophe. In particular, radiation being known to reduce adaptation
efficiency of the human body and therefor likely to provoke early
occurrence of some diseases, to which a predisposition had been in the
genotype. Consequently, radiologically hazardous environments would
produce the least damage on the people who have their genotype the
more resistant to radiation and, consequently, the lowest
radiosensitivity too.
The proposed integrated approach includes procedures as follows:
• Identification of genotype for each individual through electrophoretic
separation of blood proteins;
• morphophysiological study of each surveyed individual in correlation
with his heterozygoty and viability;
• radiosensitivity analysis for the lymphocyte culture of the human
peripheral blood following its exposure to X-ray pulses in vitro of 0-1
Gy dose by micronuclei count in binucleate blood cells.
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Cytogenetic and molecular effects of occupational
exposure in steel factory workers
R. KUBIAK. J.P. ARNOULD, J. BELOWSKI, J.
BELEGRAUD AND J. SZCZEKLIK
Department of Occupational and Environmental Diseases, Collegium
Medicum of the Jagiellonian University, Krakow, Poland, Department
of Toxicology, Faculty of Pharmacy, Jules Verne Picardie University,
Amiens, France.

In evaluation of the biologically significant exposures, it is important to
look for early effects directly in the exposed individuals. This is an
advantage of genetic monitoring for early effects, such as cytogenetic
damage, point mutations, DNA adducts. Damage to the genetic
material of cells represents initial event in a process that may
eventually lead to manifestation of disease.
Steel foundry workers are particurarly exposed to atmospheric PAHs.
In our study two groups of workers were surveyed: 56 coke-oven
workers more exposed and 26 persons less exposed in cold rolling mill
department of the same foundry. Air monitoring at the work stands
showed high concentrations of atmospheric PAHs at the most exposed
parts of the cookery.
As a biomarker of the absorbed dose of PAHs the evaluation of urinary
1-hydroxypyrene was performed by High Performance Liquid
Chromatography (HPLC) coupled with fluorometry.
Among PAHs, Benzo(a)pyrene is metabolically activated to diol-
epoxide derivative: benzo(a)pyrene-trans-7,8-dihydrodiol-9,10-
epoxide, ultimate carcinogen (BPDE-I). This derivative is covalently
fixed on DNA and gives BPDE-I-DNA adducts.
As a biomarker of the absorbed dose of Benzo(a)pyrene the evaluation
of BPDE-I-DNA adducts was performed in DNA from peripheral
blood lymphocytes by a competitive immunoassay technique. Adducts
levels (mean + SD) detected from coke-oven workers were between
(71 + 12,64) and (284,18 + 16,68) frnol/50 ng of DNA in non smokers,
(87,35 ± 1,35) and (323,18 + 14,82) finol/50 |ag of DNA in current
smokers, and from cold rolling workers were (55,80 + 2,17) frnol/50
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^g of DNA in non smokers and (57,94 + 2,06) fmol/50 jag of DNA in
current smokers.
The differences in adduct levels between smokers and non-smokers
were statistically significant (p<0,001). A significant correlation
between adducts levels and workers urinary 1-hydroxypyrenelevels
was only found among coke-oven workers (r2=0,984; p<0,001).
As a cytogenetic biomarker the frequencies of micronuclei in cultured
cytokinesis-blocked lymphocytes of workers were determined. The
percentage of cells with micronuclei (MN) in exposed coke-oven
workers was 1.2 (mean), range 0.0-4.0, ( SD=0.77) and in cold rolling
mill workers 1.12 (mean), range 0.2-2.4, (SD=0.59). This difference in
results for two groups studied is not statistically significant. Interesting
result is that the frequency of MN in coke-oven workers does not
increase with exposure (years of work) but decreases. The same
relationship was observed in the material studies in 1990 and 1992
from the same cokery. It might be result of some adaptive mechanisms
in exposed persons. The age-dependent increase of micronucleus
frequency was not clearly observed.
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Biomarkers of genotoxicity of urban air pollution: The
AULIS project
S.A. KYRTOPOULOS
National Hellenic Research Foundation, Athens, Greece

The elucidation of the possible carcinogenic risks arising from
exposure to urban air pollution may be facilitated by the use of
biomarkers in the context of properly designed epidemiological studies.
The AULIS project is a multicentre molecular epidemiology project to
investigate the relationships between a series of biomarkers of
genotoxicity in relation to exposure to urban air pollution. It involves
200 non-smokers (120 living in Athens and 80 in the nearby town of
Halkida) who have been asked to keep a time-activity diary for 4 days,
on the last of which they carry a personal monitor for PM2.5 and
provide samples of blood and urine. The collected PM2.5 and their
associated polycyclic aromatic hydrocarbons are measured, as well as
a) urinary 1-hydroxypyrene and cotinine, b) DNA adducts, c)
lymphocyte HPRT mutations, chromosome aberrations and see's, and
d) polymorphisms in a number of carcinogen metabolising genes.
Additionally, benzene-derived S-phenylcystein in haemoglobin is
measured in selected samples. Subjects are monitored for all markers
during winter and again during summer, except for HPRT mutations
which are measured only during winter. Data from a subset of samples
so far collected will be presented. (Funded through EU contract no.
EV4V-CT96-0203).
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Use of alkaline comet assay to detect DNA damages in
mononuclear leucocytes of farmers occupationally
exposed to selected pesticides
P. LEBAILLY. C. VIGREUX, C. LECHEVREL, D.
LEDEMENEY, T. GODARD, E. DESLANDES, F. SICHEL,
J.Y. LE TALAER, M. HENRYAMAR AND P.
GAUDUCHON
CJF-INSERM 96-03 and GRECAN, Centre Regional Francois
Baclesse, Caen, France

The alkaline comet assay was used to quantify the level of DNA
damage in mononuclear leukocytes of farmers occupationally exposed
to pesticides. Enrolment of farmers was based on handling of heavily
used pesticides at particular periods during one spraying season. Forty
one blood samples from 29 different farmers were collected before (SO)
and after (SI) a one-day spraying, at the beginning of the season
(n=ll), at the intermediate (n=14) and final (n=16) periods of intense
spraying activity.
Prescription medicine, alcohol consumption and age had no statistically
significant effect on DNA damage level at SO. Conversely, smoking
(smokers versus non and ex-smokers significantly increased DNA
damage level. The DNA damage level was higher at the intermediate
and final periods of spraying activity than at the beginning. No
correlation was found between DNA damage level and total area
sprayed with pesticide since the beginning of number of days without
pesticide use and the level of DNA damage, particularly among non
and ex-smokers. These data suggest that 1) spraying activity might
result in an increase in DNA damages in lymphocytes of fanners, as
detected by the alkaline comet assay 2) the level of DNA damage
would reflect recent exposure to genotoxins, rather than accumulation
of damages.
Second, lymphocyte DNA damage levels in blood samples collected at
SO and SI were compared. All farmers in group I (blood samples
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collected at the beginning of the spraying season) had handled an
herbicide (isoproturon) while all farmers in group II (blood samples
collected in mid course of the spraying season) had handled triazole
fungicides. For some farmers, these compounds were used in
association with other pesticides. For these two groups, no significant
modification of DNA damage level was observed the day after
spraying. Farmers of the third group (blood samples collected at the
end of the spraying season) had used mainly a fungicide
(chlorothalonil), although some of them were also exposed to other
compounds. A significant increase of DNA damage level was detected
and a significant acres sprayed between the pre and post exposure
sampling times. A one-day occupational exposure to certain pesticides
seems to be sufficient to significantly modify DNA damage level in
mononuclear leukocytes.
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Factors affecting the levels of vinblastine induced
chromosome malsegregation and micronuclei in human
binucleated lymphocytes
P. LEOPARDI, F. MARCON, G. DOBROWOLNY, R.
CREBELLI AND A. ZIJNO
Laboratory of Comparative Toxicology and Ecotoxicology, Istituto
Superiore Sanita, Rome, Italy

Cytokinesis blocked (CB) human lymphocytes are largely used for
detecting the clastogenic and aneugenic effects of chemicals. As far as
the latter effects are concerned, several factors have been shown to
influence the spontaneous levels of micronuclei and chromosome
malsegregation. On the other hand, little is known about the role of
such factors on chemically-induced effects. In order to investigate the
influence of sex and age on the incidence of chemically-induced
chromosome malsegration and micronuclei, lymphocytes from six male
and six female donors, belonging to two age classes (<30 and >50),
were treated in vitro with vinblastine. CB cells were scored for
micronuclei and chromosome X and 8 malsegregation after
hybridisation with chromosome specific centromeric probes.
The results obtained confirmed the higher frequency of spontaneous
sex chromosome malsegregation and micronuclei in subjects >50 years
compared to matched subjects <30 and in women compared to men.
No sex and age differences were observed for chromosome 8.
Vinblastine was equally effective as inducer of chromosome
malsegregation and micronuclei in both sexes and age classes,
indicating that these parameters do not affect chemically-induced
aneuploidy. On the other hand, chromosome X proved to be more
sensitive than chromosome 8 to the effects of vinblastine in all subjects
indicating the existence of chromosome-specific features which
modulate the susceptibility to chemically induced malsegregation.
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Assessing different chromosome sensitivity to radiation-
induced rearrangements after in vivo or in vitro exposure
in lymphocytes of children and adults by FISH analysis
A, LORI, R. SCARPATO, A. TOMEI, M. CIPOLLINI AND
R. BARALE
Dipartimento di Scienze delPUomo e delPAmbiente, Universita di
Pisa, Pisa, Italy

The translocation rate in 13 children from Gomel (Belarus) exposed to
ionising radiation after the Chernobyl fall-out and in 14 controls from
Pisa has been assessed, using probes painting chromosomes 1, 3 and
10. The frequency of translocations was significantly higher in the
Gomel children than in the control group. Interestingly, the observed
difference in translocation rate was mainly due to chromosome 10. The
data showed an higlier chromosome 10 fragility in children after in vivo
exposure to radiations, thus offering a further evidence to the presence
of a chromosome-dependent different radiosensitivity. To confirm the
in vivo observations, we performed a FISH translocation analysis using
the same chromosomes in low level-irradiated (0, 0.25, 0.50 and 1 Gy)
in vitro lymphocytes of two subjects. Rearrangements for chromosome
10 in the adult was significantly more frequent than that of the other
chromosomes especially at 0.25 Gy, and also at 0.5 Gy after correction
for DNA content. In the child both chromosomes 3 and 10 resulted to
be more frequently rearranged than chromosome 1 at all the tested
doses. These data confirmed the previous evidence of a different
chromosome involvement hi radiation-induced rearrangements. The
mechanisms by which these events would occur are still unknown.
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The frequencies of early centromere division, satellite
association and premature chromosome condensation in
human populations
J. MAJOR. M.G. JAKAB AND A. TOMPA
National Institute of Chemical Safety, Department of Human
Genotoxicology, Budapest, Hungary

Standard peripheral lymphocyte (PBL) chromosome preparation
provide some additional informations as e. g., the yields of early
centromere division (ECD), satellite association (SA) and premature
chromosome condensation (PCC) considered as potential end-points
for risk assessment beside numeric and structural chromosome
aberration (CA) frequencies. Here we present ECD, SA and PCC data
compared to CA, obtained in 400 Hungarians, 188 controls, 155
workers and 57 nurses occupationally exposed to genotoxic chemicals:
acrylonitril (ACN) and/or dimethylformamide (DMF), benzene,
bitumen (PAH), cytostatic drugs, ethylene oxide (ETO), mixed
exposure in the rubber industry, mixed solvents including CCI4, hot oil
mist and polychlorinated biphenyls (PCB). We used the standard
cytogenic methods. Minimum 100 metaphases per donor were scored
in each cases. CA frequencies were significantly higher in each
exposed groups compared with controls. ECD yields were increased in
populations exposed to mixed chemicals, crude oil, ETO and cytostatic
drugs. SA yields were extremely high in each investigated populations,
regardless to exposure. Increased PCC yields were observed in groups
exposed to mixed industrial solvents, PAHs, ACN/DMF and cytostatic
drugs. In the other groups no PCC increase was observed. ECD results
indicate, that induction of ECDs is neither incidental nor artificial and
can be used for risk assessment. The significance of PCC needs further
investigation. SA results indicate, that colchicine (and colcemid) can
increase SA yields, and SA cannot be considered as cytogenetic end-
point for risk assessment when the standard methods are used.
Supported by the grant of Ministry of Health and Social Welfare,
Hungary, ETT T-08 241/96.
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Genotoxic effects of antifouling
M.H. NIELSEN
Roskilde University, Department of Environment, Technology and
Social Studies, Roskilde, Denmark

Contamination of the aquatic environment with genotoxic substances
has been of growing concern during the past years. The research has
been focusing on genotoxic effects of industrial and domestic effluent,
but there are many other human activities which can lead to
contamination of the aquatic ecosystems with genotoxic substances.
Antifouling products are known to cause endocrine disruption and other
toxic effects in aquatic organisms. These products used on commercial
ships and recreational boats might also contain genotoxic substances
bearing the risk of environmental exposure during use and especially
during cleaning and maintenance of the vessels. Recreational boats are
often cleaned by different grinding and high pressure sluicing processes
without any kind of gathering or treatment of the waste and
wastewater. The soil and water in the surroundings may therefore be
exposed to the toxic and genotoxic substances origin from these
products. In this study the toxic and genotoxic effect of grinding water
from boats using different kind of antifouling paints was detected by
the use of the Allium test. It is shown, that the toxicity of the grinding
water variate depending of the used antifouling paints.
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The use of the comet assay to the evaluation of DNA
damage in the white blood cells of workers in the wooden
furniture plant
J. PALUS, E. DZIUBATOWSKA AND K. RYDZYASKI
Department of Toxicology and Carcinogenesis, Nofer Institute of
Occupational Medicine, Poland

The study was aimed the assessment of genotoxic effects in the white
blood cells of workers of wooden furniture manufacture. The blood
was collected by finger puncture into capillar, mixed with ice-cold 1ml
RPM11640 and transported on ice within 3 hrs. The comet assay was
adapted for detecting the presence of DNA single strand breaks (SSB)
according to Singh et al. (1988). The level of DNA SSB has
determined on the percentage of cells with comets calculated from the
visual analysis according to Anderson et al.(1994). DNA damage have
assessed in the cells before and after incubation in RPMI 1640 medium
for 1 hour. In the woodworkers have observed a significant more cells
with damaged DNA (34.8±7.2%) than in control persons (17.5±8.3%).
A slight but significant decrease of the level DNA SSB have found in
the white blood cells of woodworkers after repair process (28.6±9.1%).
A significant higher levels of DNA single strand fragmentation have
observed in the woodworkers both smoking (35.9±8.3%) and non-
smoking cigarettes (33.8±6.1%) than in smokers (22.6±9,0%) and non-
smokers (13.6±4.9%) of control group. The present study shows that
the level of DNA damage observed in the woodworkers could be
associated with the occupational exposure to wood dust and substances
in furniture manufacture.
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Genetic Variability of Freshwater Molluscs in the
Lithuanian Industrial and Non-industrial Regions
A. PAULAUSKAS'-l V. GLAZAUSKAITE1 AND
A.SRUOGA1'2

'Laboratory of Immunogenetics, Institute of Ecology, LT-2600 Vilnius,
2Department of Biology, Vytautas Magnus University, Kaunas,
Lithuania

Freshwater molluscs Limnaea stagnalis and Planorbarius comeus are
perfect bioindicators in pollutants bioaccumulation and effects studies
due to their sedementary way of life, widespread occurrence in aquatic
ecosystems, ability to concentrate chemikals up to very high
concentrations and these molluscs can be use as bioindicators in
freshwater genotoxicity studies.
Molluscs for genetic variability studies were collected from non-
industrial (Rieses lake and Kroku water-meadow) and industrial
regions (Elekrrenai and Siauliai) of Lithuania in 1996-1997.
Using polyacrilamide gel electrophoresis were indentifled six
isoenzymes systems (Esterase, EST, Malate dehydrogenase, MDH,
Lactate dehydrogenase LDH, Glucose-6-phosphate
dehydrogenase>G6PD, Malic enzyme, ME, 6-phosphogluconate
dehydrogenase, PGD) as biomarkers and three of them(G6PD, MDH
and EST) were polymorphic.
These sampled populations have been investigated and described by
gene and genotype frequency, the proportion of polimorphic loci(P),
the total gene diversity(Ho) and expected mean heterosygosity (He),
the mean number of alleles at oil loci (A). Relative genetic distance and
similarity between these populations were quantified according to Nei
and Roger.
The analysis among populations showed that genetic variability are
higher for industrial regions than for non-industrial regions.
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Anti-BPDE-DNA adduct detection in different groups of
PAH-exposed humans by HPLC/fluorescence technique
S. PAVANELLO1, D. FAVRETTO2, F. BRUGNONE3, G.
MACCARO4, E. CLONFERO1

'institute of Occupational Health, University of Padova, Italy, 2CNR,
Area di Ricerca, Corso Stati Uniti 4, Padova, Italy, 3Institute of
Occupational Health, University of Verona, Italy, 4Occupational Health
Service, Provincia di Bolzano, Italy

In the present study, an HPLC/fluorescence method was applied to
detect specifically anti (±)-r-7,t-8-dihydroxy-t-9,10-oxy-7,8,9,10-
tetrahydrobenzo[a]pyrene (anti-BPDE)-DNA adducts in lymphocytes
plus monocytes (LMF) from humans exposed to polycyclic aromatic
hydrocarbons (PAH). The aim of the study was to compare anti-BPDE-
DNA adduct levels in groups of humans with various levels of PAH
(Benzo[a]pyrene) exposure and different ways of penetration of these
carcinogens. A total of 130 subjects comprised the sample population: 26
psoriatic patients (3 days after clinical coal-tar treatment of the skin), 15
coke oven workers, 19 chimney sweeps, 36 aluminium anode plant
workers and 34 control subjects. PAH exposure was assessed in each
group by means of the urinary excretion of 1-pyrenol (mean levels: 1.2,
0.7, 0.3,65.0 and 0.1 umol/mol creatinine in coke oven workers, chimney
sweeps, aluminium plant anode workers, psoriatic patients and control
subjects, respectively). HPLC/fluorescence analysis of BPDE-DNA
adducts showed that the percentage of subjects with adduct levels
exceeding the 95° percentile control-subject value (8.9 adducts /10s

nucleotides) was significantly higher in coke oven workers (46.7%) and
chimney sweeps (21.0%) {y2 test, p<0.05 and p<0.01, respectively) than
in psoriatic patients (0%) and aluminium plant workers (11.1%). The
increase in BPDE-DNA adduct levels (Ln values) was significantly (Linear
multiple regression analysis: t= 4.2 and F= 6.37, p<0.01 and p<0.001,
respectively) related to chronic-inhalatory and high PAH-exposure rather
than to skin-acute (or short term) and high PAH exposure or other
confusing factors (diet and smoking habits).
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Haemoglobin adducts from aromatic amines in children:
Evidence of regional differences
S. ROSLER, E. RICHTER
Walther-Straub-Institut fur Pharmakologie und Toxikologie, Miinchen,
Germany

The origin of haemoglobin adducts from aromatic amines in non-
smokers is largely unknown. Recently, the contribution of
environmental tobacco smoke (ETS) exposure has been shown to be
negligible (Falter et al., Biomarkers 3:35-47, 1998). Regional
differences relating to the population and/or traffic density have been
postulated to be of more importance.
To prove this hypothesis haemoglobin adducts of 4-aminobiphenyl
(ABP) as well as o-, m-, and p-toluidine (Tol) were analysed in
children from Munich (9.3±0.4 y; JV=34) and from Eichstatt with its
rural cachment area (8.1±0.5 y; N=65). ETS exposure was estimated
from self-reported smoking of parents and other household members.
Haemoglobin adduct levels were significantly higher in children from
Munich as compared to Eichstatt: ABP, 30.7±1.0 vs 21.4±1.6,
p<0.001; o-Tol, 630±32 vs 447±25, pO.OOOl; m-Tol, 1054±10 vs
770±33, pO.OOOOl; p-Tol, 1010±13 vs 724±34, p<0.00001. Taking
data from Munich and Eichstatt together, only small non-significant
increases of 4-11% were seen for ETS compared to non-exposed
children. In Pearson analysis ABP and m-Tol correlated weakly with
hours of ETS exposure (p<0.05).
In children, haemoglobin adducts from aromatic amines are much more
influenced by regional differences than ETS exposure.
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Translocations in laboratory workers exposed to 1,3-butadiene by FISH

J. RUBES1. P. MUSILOVA1, M. VOZDOVA1, K.
BLAHOVA2 AND R.J. SRAM2

'Veterinary Research Institute, Brno, Czech Republic, 2Regional
Institute of Hygiene and Institute of Experimental Medicine
Acad.Sci.C.R, Prague, Czech Republic

Genotoxic effects of occupational exposure to 1,3-butadiene (BD) in
technicians, testing the quality of BD, was studied by FISH, which is
believed to be more sensitive method than the conventional metaphase-
based analysis. Exposed group and controls (administrative workers)
involved females, average age of 33.7 years, each consisted of 10
subjects. Exposure to BD was measured by passive monitors with
thermal desorption during and 8 h shift. Two differently labelled whole
chromosome painting (WCP) probes specific for chromosomes 1 and 4
were simultaneously used. Chromosome aberrations were classified in
terms of the Protocol for Aberration Identification and Nomenclature
(PAINT). BD exposure of 5.6 mg/m3 (range 0.4-27.9) did not increase
the sum of translocations in the exposed group (FG/100=1.75±1.82) as
compared with controls (FG/100=1.73±1.26). Both groups significantly
differed (Mann-Whitney, p<0.05) from another control group
(FG/=0.87±0.63, healthy blood donors) of Rubes et al. (Mutation Res.
412, 1998, 293). The reason for these results, indicating some
genotoxic exposure in controls, should be further followed.
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Multi-endpoint biomonitoring of human genotoxic
exposure in garages
B. SCHOKET, G. TOROK, G. MAYER, A. KOLOZSI-
RINGELHANN2, A.A. MELIKIAN3, G. BOGNAR, I.
KROMER, K. BEJCZI AND I. VINCZE
'Fodor Jozsef National Centre for Public Health, Budapest, Hungary,
2Ministry for Environment and Regional Policy, Budapest, Hungary,
3American Health Foundation, Valhalla, NJ, USA.

Sensitivity, specificity and correlations among several human
biomarkers for monitoring occupational exposure to complex mixtures
of genotoxic agents, such as diesel exhaust and used engine oil
containing polycyclic aromatic hydrocarbons (PAHs) and nitro-PAHs
were assessed in a pilot study in three Hungarian bus garages.
Aromatic DNA adduct levels in white blood cells by 32P-postlabelling
and PAH-diol epoxide-globin and serum albumin (SA) adduct levels by
GC-MS, micronuclei and urinary 1-hydroxypyrene (1-OH-PY) content
were determined. Samples of air particles, used engine oil and clothes
of the workers were tested for mutagenicity using Salmonella TA 98
and TA 100 strains with and without rat liver S9 activation system. In
the garage mechanics, DNA adduct determinations did not show
increased genotoxic exposure as compared to occupationally
unexposed controls. Levels of benzo[a]pyrene diol epoxide (BPDE)-
globin adducts were significantly higher than those in controls, and
were a more sensitive marker of PAH exposure than BPDE-SA
adducts. Ambient air measurements, significantly enhanced 1-OH-PY
levels, and slightly enhanced frequency of micronuclei documented
increased PAH exposure in the garages, as compared to the general
environment. Highly increased mutagenicity of the environmental
samples indicated increased risk of genotoxic exposure by inhalation
and contact exposure through skin.
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Chromosome aberrations and sister chromatid exchanges
in laboratory workers exposed to 1,3-butadiene
R.J. SRAM AND P. ROSSNER
Regional Institute of Hygiene and Institute of Experimental Medicine
Acad. Sci. C. R., Prague, Czech Republic

Occupational exposure to 1,3-butadiene (BD) in monomer production
unit increased the cytogenetic damage in peripheral lymphocytes as
recently found. Technicians testing the quality of BD may represent
another risk group due to some peak exposure. In the pilot study a
group of technicians, females, average of 38.3 years, was followed.
Exposure to BD was measured by passive monitors with thermal
desorption during an 8h working shift. As matched controls were
enrolled administrative workers from the same company. Exposed
group consisted of 13 subjects, controls of 15 ones. As biomarkers
were followed chromosome aberration (CA) and sister chromatid
exchanges (SCE). BD exposure of 4.8mg/m3 (range 0.4 - 27.9) did not
increase the percentage of cells with CA in exposed vs. control groups
(1.31% vs. 2.13%) or frequency of SCE/cell (5.42 vs. 5.71,
respectively). These results suggest that high peaks of BD exposure in
laboratories may be less efficient to induce cytogenetic damage than
lower chronic BD exposure to workers in BD production unit, who
may be also exposed to the mixture of other chemicals.
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Genotoxic effects of heavy metals: Comparative
investigation of aqueous heavy metal solutions with plant
bioassays
H. STEINKELLNER1, K. MUN-SIK2, C. HELMA1, T.H.
MA2, E. GOTTMANN1 AND S. KNASMULLER1

'institute for Tumor Biology-Cancer Research, Vienna Austria
Research, 2Western Illinois University, Macomb, IL, USA

In order to investigate the suitability and sensitivity of plant bioassays
for testing heavy metal contaminated soils a comparative evaluation of
the suitability of plant micronucleus (MCN) assays for the detection of
genotoxic effects of different environmentally relevant heavy metals
was performed. Aqueous solutions of nine heavy metal salts were
tested, namely arsenic trioxide, lead nitrate, cadmium chloride, copper
chloride, zinc chloride, chromium oxide, chromium chloride, antimony
chloride and nickel chloride. MCN induction was measured in
meristematic root tip cells oiAllium cepa and Viciafaba and in pollen
tetrad cells of Tradescantia paludosa # 4430. Aqueous solutions of the
known carcinogens As (III), Cd (II), Cr (VI), Ni (II) and the mutagen
Pb (II) caused clear-cut positive effects whereas Zn (II), Cr (III) Sb
(III) and Cu (II) caused no significant dose dependent induction of
MCN- over the background frequency in Tradescantia. MCN induction
was measured with the various metals in a concentration range between
0.5 and 14 mM. The genotoxic potencies declined in the order
As>Cd>Cr(VI)>Ni>Pb>Zn>Cr(III)> Cu aSb. In general, similar results
were obtained in Allium and Vicia MCN tests but the effects were
consistently ten-fold weaker than those seen in Tradescantia. In
conclusion the results of our study indicate that heavy metals cause
genotoxic effects in plants and that the Trad MCN-test is in particular
sensitive towards heavy metals and therefore might be useful for
environmental biomonitoring studies with contaminated soils and
waters.
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Radiation-induced micronucleus formation in human
skin fibroblasts of patients showing severe and normal
tissue damage after radiotherapy
H. STOPPER. U. NACHTRAB, U. OPPITZ1, M. FLENTJE1

Department of Toxicology and 'Department of Radiation Therapy,
University of Wurzburg, Germany

Treatment schedule and total dosage in radiation therapy is based on
the tumoricidal doses and the tolerance dose of the perifocal normal
tissue. Since large-scale variations between the patients concerning the
side-effects occur, one of the major goals of radiation research recently
has been the development of a predictive in vitro assay. Here, skin
fibroblasts of patients with normal tissue reactions or acute and/or late
increased side effects and cell lines of 4 individuals carrying the
heritable disease ataxia telangiectasia were irradiatiated in vitro. The
formation of micromiclei was chosen as biological endpoint and the
results were compared to the clinically observed side effects. In
general, an irradiation- dose-dependent increase in micronucleus-
frequency was found. The cells of the majority of the sensitive patients
as well as those of homozygous and heterozygous ataxia telangiectasia
individuals showed a higher micronucleus induction than the average of
the donors with normal sensitivity. The micronucleus test seems to be a
very promising tool in the evaluation of radiation sensitivity previous to
therapy. However, larger studies are needed to confirm these findings
and to optimise the methodology, and it is presumed that a final
predictive assay will consist of a combination with other test systems.
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Chromosome instability in tobacco smoke-induced larynx
cancer
K. SZYFTER1, M. KUJAWSKI1 '2, Y. ALTO2 , P.D1

BROWSKI3 , M. JARMU1 , S. KITA1, W. SZYFTER3, Z.
SZMEJA3 AND S. KNUUTILA2

'inst. of Human Genetics, Polish Academy of Sciences, Poznafi,
Poland, 2Det. of Medical Genetics, Harman Inst., Helsinki Univ.,
Helsinki, Finland, 3Dept. of Otolaryngology, K.Marcinkowski Medical
University, Poznafi, Poland

Many biological endpoints of carcinogenicity exert strong inter-
individual variability reflecting genetic polymorphism of a given
population. Chromosome alterations appear to be a perfect model to
study genetic variability giving an access to quantitative analysis as
well as to qualitative patterns of damage.
The study was performed on a group of 74 larynx cancer subjects at
various stages of the disease progression. Chromosome instability in
peripheral blood lymphocytes was analysed by the bleomycin test
according to Hsu (1987, 1989). The level of bleomycin-induced
chromatide breaks exceeded spontaneous breaks in larynx cancer
subjects and in healthy controls. An increase of bleomycin-induced
breaks in larynx cancer subjects significantly exceeded that in controls.
An analysis of individual results showed a wide range of response to
bleomycin treatment but individuals classified as ,,chromosome
instability" or ,,potential chromosome instability" were found only
among larynx cancer subjects.
To assess chromosome structure abnormalities comparative genome
hybridisation (CGH) was applied to study gains and losses of
chromosome material in Iaryngeal tumour cells. Genetic imbalances
were detected in ca. 58% of the analysed samples. Over-representation
of genetic material was frequently observed in chromosome arms 3q,
8q and 9q. Complete or partial loss of sequence copy number was
found in decreasing order of frequency at 18q, 3p and 4. Taking into
account tumour progression we found that under-representation of
DNA sequences in considerably more common in the group of samples
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with diagnosed metastases to the adjacent lymph nodes than in non-
metastasising tumours.
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The chromosome aberrations as a criterion to estimate
the reproductive activity of the Vladikavkaz's population
L.V. TCHOPICASHVILI. L.V. TSALLAGOVA, A.N.
TCHECHOEVAANDN.G. SALBIEVA

The purpose: to evaluate the level of the spontaneous mutagenesis and
it's effect on the hereditary health of the population. In order to
estimate the environment we used the level of the chromosome
aberrations (CA) - as an indicator of the spontaneous mutating tempo,
which is often the reason of the complicated obstetrical anamnese
(COA).
There were observed cytogenetically the women with the COA - 2 1 ,
who had 2-3 spontaneous abortions, still births and births with defects.
The analysis of their karyotypes showed that 10 of the observed
number have got the level of the CA was 8%, 4 of them - less than 5%
of the CA, 81% - more then 5% and only 19% showed the karyotype
approximated to the standard.
Such observations evidence about the level of the CA might be the
reasonal indicator of the COA. We revealed the direct correlation
between the high level of the CA and the COA. To the high level of the
CA — 81% in 33,3% occasions there registrate usually 2-3
spontaneous abortions under 12 weeks, and still birth and only 14,2%
of the observed women, who had 1-2 abortions, were described with
the normal karyotype.
Thus, taking info account that the CA can play a significant role in the
observation of the hereditary health of the population.
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Overall evaluation of genetic damage in native and
transplanted mussels of the Venice lagoon (Italy)
P. VENIER. D. PAMPANIN, A. LIBERTINI
Department of Biology, University of Padua, Padua (Italy) and CNR
Institute of Sea Biology, Venice (Italy)

Early markers of genetic damage may reveal the presence of genotoxic
agents, i.e. agents that can lead to genetic instability and long-term
changes in susceptible ecosystem components. Mussels, sessile and
filter-feeding bivalves, are widely used as sentinel organisms. We
studied mussels collected from a mussel-farm area at one lagoon
entrance (Chioggia, site 1) and from an industrial district (Marghera,
sites 2,3,4). In gill and haemolymph , we determined the frequency of
micronuclei, other nuclear abnormalities, mitotic cells (main gill cells
and agranular haemocytes) and granular cells. The significant variations
in granular cells and nuclear abnormalities discriminated between
mussels of the industrial district and those collected from site 1. In gill
and haemolymph, micronucleated cells were significantly different at
sites 3 (8.85 and 4.59 %o) and 4 (4.06 and 4.50 %o) compared with site
1 (6.37 and 1.42 %o). Normalising data with mitotic cell frequency,
significant increases of micronuclei became evident in all industrial
sites. Cluster analysis (applied to all the end-points individually
measured) and evaluation of transplanted mussels (site 2, monitoring
every 7 weeks) confirmed these results. 32P-postlabelling detection of
DNA adducts (all sites) is in progress as well as cytofluorimetric
analysis of DNA content (site 2).
Supported by Cancer Research Foundation (Ancona, Italy).
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The use of florescence in situ hybridization (FISH) to
detect chromosome aberrations in lymphocytes of
patients under radiotherapy regimen, after in vivo and in
vitro irradiation
I. VOROBTSOVA1, F. DARROUDI2, N. TIMOFEYEVA1'2,
A. SEMYONOV1, A. KANAYEVA1 AND A.T.
NATARAJAN2

'Central Research Institute of Roentgenology and Radiology,
Laboratory of Radiation Genetics, St. Petersburg, Russia. 2MGC,
Department of Radiation Genetics and Chemical Mutagenesis, Leiden
University, Leiden, The Netherlands

Chromosome damage as measured with chromosome painting assay,
using triple colour FISH for chromosomes 1, 4 and 8 and a pan-
centromeric probe was studied in one patient with
hemangiopericytoma. The patient had undergone a radiotherapy
regimen and was exposed (whole body) to gamma-rays for 5 days with
a single dose of 10 cGy each time. Blood lymphocytes were collected
either one or 18 hour after exposure. Parallel cultures were set up from
patient's unirradiated lymphocytes and cells were irradiated in vitro
with single doses of 10 up to 50 cGy. Frequencies of dicentrics and
translocations were determined using FISH and in addition, dicentrics
were analysed for whole genome in Giemsa stained preparations. In
both in vivo and in vitro treatment regimens a positive correlation was
found between exposure dose and induced frequency of aberrations.
However, it was more pronounced following in vitro irradiation. For
dicentrics, the fractionation experiments in vivo responded similarly to
the one in vitro, in the range of 0.5% to 3.7%. For translocations, in
vivo exposure yielded slightly (1.4-fold) higher translocations than in
vitro, in the range of 1.8% to 7%. In both in vitro and in vivo
experiments frequency of dicentrics estimated for whole genome using
a cocktail of three chromosomes (#1, #4 and #8, representing about
20% of genome) was almost equal to the observed frequency
determined for whole genome in Giemsa stained preparations.
Translocation frequency was about 1.3-2-fold higher than dicentrics.

241



The results of this patient were compared with that of normal
individuals and a similar radiosensitivity was found
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Persistence of DNA damages in unicellular green algae
Chlamydomonas reinhardtii and protozoae
Acanthamoeba castellanii determined by the Comet Assay
A. WESSLER. P. KROLLA-SIDENSTEIN, H. LOHNERT
AND U. OBST
WFM Water Research Mainz Ltd., Mainz, Germany.

The Comet Assay is a sensitive technique for the assessment of
genotoxicity (primary DNA damages or strand breaks) in eucaryotic
cells. The persistence of primary DNA damages or strand breaks is
dependent on the genotoxins applicated, on the different types of the
induced DNA lesions and on processes of DNA repair. DNA repair
processes normally eliminate non persistent DNA lesions, detectable by
a time-dependent reduction of DNA-migration in the Comet Assay. The
following study presents experiments to the persistence of DNA
damages in cells of algae and protozoa. The chosen species are playing
a fundamental role as plankton in the aquatic biocenosis. Besides the
detection of genotoxic effects and hazardous compounds in the aquatic
environment in general, it is also interesting to know, how persistent
the measured effects are. On the one hand time-dependent experiments
of long-term exposed cells in genotoxic test solutions and natural water
samples were performed. On the other hand, a reduction of DNA
damaging effects in genotoxin induced cells after a reincubation and
recultivation in non-genotoxic-media could be observed. The two
species show different reactions regarding the persistence of DNA
effects. Different mechanisms will be compared and discussed.
We thank the German Bundesministerium fiir Bildung Wissenschaft,
Forschung und Technologie for financial support (Grant No. 02 WU
9553/1).
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Occupational exposure to genotoxicants wooden
furniture workers
K. WYSZYSKA AND E. JANIK-SPIECHOWICZ
Department of Toxicology and Carcinogenesis, Nofer Institute of
Occupational Medicine, Lodz, Poland

The study was aimed at identification of genotoxic hazard of workers
employed in the wooden furniture factory through the assessment of the
mutagenicity of airborne paniculate matter and worker's urine (Ames
test) and the frequency of sister chromatid exchanges (SCE) in
peripheral blood lymphocytes of workers.
Aerosol samples collected on work-sites during mechanical
woodworking operations such as milling, sanding and turning have
shown higher mutagenic activity than mutagenicity observed in samples
from control sites (urban aerosol). The raise level of inhalation
exposure to mutagenic agent was confirmed by results that come from
urine samples of woodworkers. The frequencies of SCE and HFC in
lymphocytes from exposed workers were only slightly higher in
comparison to control group composed from unexposed persons.
However, among cigarette smoking woodworkers the levels of tested
cytogenetical effects were significant (p<0.05) higher than in non-
smoking control group. These findings suggest a comutagenic
interaction of cigarette smoke and occupational exposure of furniture
woodworkers.
The study was supported by Polish Strategic Governmental Programme
SPR-1;II.4.8.
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Analysis of chromosome aberrations, sister chromatid
exchanges (SCE) in human and mice somatic cells
exposed to new acridine derivative
W. BRATKOWSKA1. T. FERENC1, HENRYK
STROYNSKI2, D. LOPACZYNSKA1, A. DENYS3, A.
MORDALSKA1

'Department of Biology and Medical Genetics, Military Medical
Academy; 2Department of Infections Diseases and Gastroenterology,
Military Medical Academy; department of Microbiology, Military
Medical Academy Lodz, Poland

The aim of the study was to examine genotoxicity of new acridine
derivative namely 3,6-diamine-10-methyl-9,10-dihydroacridine
(Oxydane, Polfa,). The compound was tested in vitro by chromosome
aberrations and sister chromatid exchanges (SCE) via macroculture of
human lymphocytes and in vivo by chromosome aberrations of mouse
bone marrow cells. Nitrogranulogen (Polfa) was used as a positive
control. In vivo study Oxydane were administrated intraperitonealy to
mice (Balb C). Endoxan ( Asta Medica AG) was used as a positive
control.
For Oxydane tested in dose 0.5 mg per ml and Acriflavine in doses 0.1
and 0.5 mg per mL a significant increase in percentage of cells with
aberrations was observed in relation to the negative control. Acriflavine
in doses 0.1 and 0.5 mg per ml doubled the percentage of cells with
aberrations as compared to the Oxydane. In dose 0.1 mg per ml a larger
mean number SCEs per cell was observed for Acriflavine and Oxydane
in relation to the control. Acriflawine in dose 0.1 mg per ml
significantly increased the mean number SCEs per cell in comparison
with the Oxydane. Acriflavine and Oxydane added to culture in dose
0.5 mg per ml for the SCE test inhibited cell divisions. In vivo study
Oxydane in dose 28 mg per kg body weight did not cause any
significant increase in the percentage of cells with aberrations in
comparison with the negative control.
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Mutagenicity monitoring of airborne particulate samples
(PM10) in the Czech Republic
M. CERNA. A. PASTORKOVA, J. SMID
National Institute of Public Health, Center of Environmental Health,
Prague, Czech Republic

Mutagenicity monitoring of urban air particles has been determined
within the frame of the System of monitoring the Environmental Impact
on Population Health of the Czech Republic. Samples were collected in
1997 at four urban sites using H-VPM-10 samplers, filters were
extracted with dichloromethane. Mutagenicity was detected by the
plate incorporation and the microsuspension assays using the TA98 and
YG1041 indicator strains. The maximum mutagenic potency (rev/mg
EOM) was calculated using the GeneTox manager software.
All samples were found mutagenic in both assays and strains used. In
plate incorporation test with the TA98 the number of direct-induced
revertants (710 rev/mg EOM in winter, 565 in summer) increased
further in the presence of S9 (1314 and 715 rev/mg EOM). Otherwise,
the addition of S9 lead to the decrease in mutagenicity. The
mutagenicity detected with YG1041 was about one to two order of
magnitude higher that that of TA98. In the microsuspension assay the
mutagenic potency of EOM is higher in summer with the highest
number of revertants (196000 rev/mg EOM) in YG1041-S9. For
routine monitoring purposes, the microsuspension test with YG1041-S9
can be proposed, but this simplification may not be satisfactory for
detailed studies.
(Supported by the grant IGA No 2761-3 and by the Czech
Government).
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Genotoxicity of the herbicides aphalon and dicuran in
crepis capillaris l.root meristem cells
B. DIMITROV. P. GADEVA, V. MIRKOVA
Institute of Genetics, Sofia, Bulgaria

The genotoxic effects of the phenylurea herbicides Aphalon and
Dicuran which are widely used in protecting against a number of annual
broad-leaved weeds, are investigated in Crepis capillaris root
meristem cells. The induction of chromosomal aberrations and
micronuclei served as biological endpoints for genotoxicity. The
chromosomal aberrations are analysed by the metaphase and anaphase
methods. It is found that the two herbicides do not induce chromosomal
aberrations neither in metaphase nor in anaphase. The lack of
chromosomal aberrations coincides with the fast repair of the DNA
single-strand breaks observed during the first hours after the tieatment,
detected by alkaline electrophoresis of DNA isolated from Aphalon and
Dicuran treated cells. However, lagging chromosomes are observed in
anaphase after treatment with both herbicides. The two herbicides
induced statistically significant increase in the micronucleus frequency
the latter being more clearly expressed after treatment with Dicuran.
The micronucleus/macronucleus size ratio is determined as an
additional criterion to clarify the mechanisms of micronuclei formation.
Colchicine and maleic hydrazide induced micronuclei are used as
controls. It is found that the size of Aphalon and Dicuran induced
micronuclei similar to that of the colchicine induced ones and is
considerably larger than the size of the maleic hydrazide induced
micronuclei. The data suggest that the formation of micronuclei
induced by both herbicides is due to disturbance of the mitotic spindle
which results into intact chromosomes detachment.
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Mutagenicity testing of air samples from cities of Slovakia
using human cells.
M. DUSINSKA. H. PETROVSKA, A. GADIOVA, A.
MORAVKOVA, M. SOMOROVSKA, B VALLOVA.,R.
FABRY
Institute of Preventive and Clinical Medicine, Limbov, Bratislava,
Slovak Republic

The comet assay was used to investigate the potential mutagenic effects
of air samples collected in 12 localities in Slovakia during one year.
Target cells were freshly isolated lymphocytes, and HepG2 cells with
high xenobiotic-metabolising activity. DNA strand breaks and oxidised
bases were measured after short-term and long-term treatment with
different concentrations of extracts from the 48 air samples. 32 samples
extracted with dichloromethane were tested for mutagenicity of organic
compounds present in air, and 16 samples were prepared as aqueous
extracts. Cytotoxicity of extracts was measured, and non-cytotoxic
concentrations used in the DNA breakage assays. Air from certain
areas, mainly large industrial centres, was highly mutagenic. In organic
extracts, we found a positive strand-breakage effect in 20/32 samples
using HepG2 cells and in 9/32 samples with lymphocytes. Several
samples induced a strong effect. Winter samples tended to be more
mutagenic than summer samples. On the whole, our results correlated
with both chemical analysis and cancer risk assessment results.
This work was supported by EC contract Phare EU/93/AIR/22 and by
the Slovak Grant Agency of Ministry of Health.
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Mutagenicity of 3,6-diamine-10-methyl-9,10-
dihydroacridine (Oxydane)
T. FERENC1. E. JANIK-SPIECHOWICZ2, W.
BRATKOWSKA1, A. DENYS3, H. STROZYNSKI4, A.
MORDALSKA1, D. LOPACZYNSKA1

Department of Biology and Medical Genetics, Military Medical
Academy, 2Department of Carcinogenesis, Teratogenesis and
Mutagenesis; The Nofer Institute of Occupatonal Medicine,
3Department of Microbiology, Military Medical Academy;
department of Infections Diseases and Gastroenterology, Military
Medical Academy, Lodz, Poland

Mutagenic activity of 3,6-diamine-10-methyl-9,10-dihydroacridine
(Oxydane, Polfa) - newly synthetized acridine derivative was tested in
the standard Ames assay with Salmonella typhimurium strains: TA97a,
TA98, TA100 and TA102 in presence and absence of liver supernatant
(S9) from rats treated with Aroclor 1254.
Oxydane tested at doses from 1.0 to 100 ig/plate revealed mutagenic
potency in both series of assays. Evident dose-response relationship
was observed in all of the four tested strains. The lowest effective dose
tested (LED) i.e. the lowest dose at which the plate counts exceeded 2
times the control revertant yield was 50 ig/plate (series without S9
fraction) and 1 ig/plate (series with S9 fraction). Out of four strains,
TA97a was the most sensitive to the mutagenicity of Oxydane, while
TA98 was second most sensitive strain. The presence of S9 metabolic
activation resulted in a substantial increase in the His+ revertans/ plate
over background and in a reduction of toxic effect of Oxydane on tester
cells.
Under the condition listed above, Acrifiavine (Acriflavine neutral,
Aldrich) revealed a comparable mutagenic response when tested with
the strain TA97a. Results indicate on the mutagenic activity of
Oxydane.
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Comparison of short-term mutagenicity assays: results on
wastewater and surface water samples
M. FILIPIC
National Institute of Biology, Ljubljana, Slovenija

The SOS/umu and Ames test with preincubation were used to evaluate
the genotoxicity of influent, reflux and effluent samples from municipal
wastewater treatment plant and three surface water samples (one
sample upstream and two samples downstream the municipal plant).
Nonconcentrated samples and their neutral and acidic XAD-2 extracts
were tested. In SOS/umu test two Salmonella typhymurium strains
were used: TA1535/pSK1002 and O-acetyltransferase-overexpresing
strain NM2009. In Ames test four Salmonella typhimurium strains
were used: TA98 and TA100 their nitroreductase and O-
acetyltransferase overexpressing derivatives: YG1041 and YG1042
respectively.
In the SOS/umu test strain NM2009 was more sensitive than strain
TA1535/pSK1002. Nonconcentrated influent, reflux and effluent
samples and one surface water sample induced SOS response in
NM2009, while in TA1535/pSK1002 only influent and effluent
samples were positive. Neutral XAD-2 extracts of all the samples
induced SOS response in both strains. The SOS inducing potential
(SOSIP) was higher in NM2009 than in TA1535/pSK1002. Acidic
XAD-2 extracts were negative in both strains. Modified Ames test was
significantly less sensitive then SOS/umu test. YG1041 and YG1042
strains were more sensitive than TA98 and TA100.
These results suggest that SOSIP is more sensitive indicator for
potential genotoxicity of wastewater and surface water samples than
mutagenic potential.
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Testbattery for the assessment of aquatic genotoxicity
T. GRUMMT AND H.-G. WUNDERLICH
Federal Environmental Agency, Bad Elster, Germany

The environment we live in - soil, air, water and food - are complex
mixtures of chemicals. In answer to the editorial in Mutat. Res. 387
(1997) we believe that genotoxicity of complex mixtures requires more
and further discussion and clarification. In the research project
,,Testing, comparison, further development and evaluation of tests for
genotoxicity in surface water" the predictive power, sensitivity and
practicability of test systems (AFE, DNA unwinding test, UDS, Ames-
and umu-assay) were examined in order to design a test battery. The
species tested included different taxonomic levels: green algae,
protozoa, bacteria, mussels, crayfishes and fishes. The study involved
the testing of 5 known genotoxic substances and water samples of the
rivers Rhine and Elbe taken over a 12-month-period. The genotoxins
showed large species variation in sensitivity (f.e. LOEC for NQO: 0,9 -
20.000 ug/Tj. In contrast to patterns in substance sensitivity, the
patterns in complex mixtures sensitivity were different. There was no
general rule, that the highest sensitive test system in substance testing
was also high sensitive in mixture testing. The data suggest with
respect to current test procedures and recommendations that in the field
of environmental risk assessment the test battery has to reflect a much
larger and more complex situation. Furthermore, understanding for
variation in sensitivity demand knowledge of mode of action of
substances and complex mixtures. (The project is funded by the
German Federal Ministry for Education, Science, Research and
Technology, BMBF, grant No. 02-WU 9563/2)
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Comparative molecular genetic toxicology analysis of
environmental hazards using the metabolically competent
lymphoblastoid cell lines AHH-1 and MCL-5
R. GUEST AND J. PARRY
Centre for Molecular Genetics and Toxicology, School of Biological
Sciences, University of Wales Swansea, Swansea, UK SA2 8PP

AHH-1 and MCL-5 are genetically engineered human lymphoblastoid
cell lines which express various metabolic enzymes: CYP1A1; and
CYP1A1, 1A2, 2A6, 3A4, 2E1 and epoxide hydrolase respectively.
AHH-1 and MCL-5 were used to evaluate the genetic effects of
Tobacco and Diesel particulate matter (TPM and DPM). In these
studies we compared the induction of DNA lesions with the formation
of both point and chromosome mutations.
To investigate the potential mechanisms of lesion induction the
following assays were carried out: [1] The 32P-postlabelling assay to
quantify large adducts due to polyaromatic hydrocarbons; and/or [2]
Fapy-DNA-glycosylase cleavage followed by denaturing gel
electrophoresis to quantify small adducts due to oxidative damage.
In order to fully understand the genotoxic properties of TPM and DPM
the frequencies of point mutations were determined by measuring TK
and HPRT mutation induction.
In these studies, it was possible to identify micronuclei induction by
exposure to TPM and DPM, using the binucleate micronucleus assay.
The micronuclei were anti-kinetochore labelled to distinguish between
clastogenic or aneugenic events.
This combination of different methodologies allows the determination
of the levels of DNA lesions and subsequent genetic changes induced
by complex environmental contaminants.
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Frequencies of micronucleated lymphocytes and Epstein-
Barr virus contamination in Altai region residents living
near the Semipalatinsk atomic testing ground
N.N. ILYINSKIKH. T.M. ISAEVA, E.N. ILYINSKIKH
Siberian Medical University, Tomsk, Russia

We have assessed frequencies of micronucleated lymphocytes in 3036
individuals living in 16 settlements in the west of the Altai region.
Among the settlements the majority of individuals with significantly
high frequencies of micronucleated lymphocytes were detected in
settlements adjacent to the Semipalatinsk atomic testing ground
(SATG). The most considerable genome instability was found in the
individuals born in the period of intensive testing on the SATG (from
1949 to 1962). Moreover, we have determined that the residents of the
settlements adjacent to the SATG have significantly high levels of
antibodies to potentially oncogenic Epstein-Barr virus besides high
frequencies of micronucleated lymphocytes. The considerable Epstein-
Barr virus contamination among the residents in the radiation polluted
zone around the SATG was supposed to be caused by
immunodeficiency disorders in these individuals and induce high
frequencies of micronucleated cells.
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Genetical effects of metal ions' mixtures: In vivo
modeling results
F. INGEL. V. YURCHENKO, E. KRIVTSOVA, T.
TSUTSMAN, A. KHOJAYAN AND J. REVAZOVA
A.N. Sysin Research Institute of Hiunan Ecology and Environmental
Hygiene, Moscow, Russia

The main goal of the study was to detect levels and spectra of genetical
damage induced in mice bone marrow by heavy metal salts' mixtures,
which ions had been detected in air of Russian town Stavropol in 1990-
1995. Totally it had been studied 5 mixtures of CrO4"

2, Mn+2, Fe+2,
Ni+2, Cu+2, Pb+2 and Zn+2 ions. Each mixture to be tested contained all
of this ions in concentrations, which was measured in air of Stavropol-
town during standard hygiene monitoring. All kinds of chromosomal
aberrations, gaps and centromeric breaks in mice bone marrow cells as
well as microniclei in polychromatophilic erythrocytes were detected in
in vivo experiments.
The results were the next: 1. 3 of tested mixtures induced chromosome
aberrations, but no ones induced micronuclei; 2. high level of positive
correlations were found between metal ions concentrations injected and
induction of such genetic damage like gaps and centromeric breaks.
Possible mechanisms of the effects will be discussed.
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Mutagenicity and genotoxicity of industrial solvents
E. JANIK-SPIECHOWICZ AND K. WYSZYASKA
Department of Toxicology and Carcinogenesis, The Nofer Institute of
Occupational Medicine, Lodz, Poland

The present study was undertaken to evaluate the mutagenic and
genotoxic potential of selected aromatic solvents (1,3,5-, 1,2,4-, 1,2,3-
trimethylbenzenes; ethylmethylbenzene and Farbasol (a trade name for
a mixture of those solvents).
The mutagenicity, in the Ames reversion test with his" Salmonella
typhimurium strains (TA97a, TA98, TA100 and TA102) was studied
by the plate incorporation procedure. Genotoxic endpoints included
sister chromatid exchanges (SCEs) and micronuclei induction in mouse
marrow cells.
Only 1,2,3-trimethylbenzene was shown to be mutagenic. At the
highest doses, all solvents were toxic to the bacterial cells. The
solvents did not increase the number of polychromatic erythrocytes
containing micronuclei. The highest doses of 1,2,4- and 1,3,5-
trimmethylbenzene were toxic to the erythrocyte marrow of male mice.
However, increase in SCEs/cell was observed after intraperitoneal
administration of all five solvents at 20%, 40% and 60% LD50 The
highest doses, equal to 80% of LD5o in the mice which survived,
resulted in considerable reduction or complete elimination of M2 cells
in bone marrow. These results show a weak genotoxic potential of the
tested solvents and demonstrate that the levels of the activity of the
mixture and its component are similar.
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Cytogenetic evidence for genotoxicity in anaesthetists
F. JAYAKARAN AND I.M. THOMAS
Department of Anatomy, St. John's Medical College, Bangalore,
Karnataka, India

Anaesthetic gases are routinely used in surgical procedures. Waste
gases from leaking equipment as well as the exhaled breath of
anaesthetised patients vitiate the air inside the operation theater which
is inhaled by the busy anaesthetist, resulting in the commonly reported
side effects like headache, nausea, giddiness, lowered resistance to
chest infections as well as bad obstetric history, infertility, and an
increased hepatic and renal cancer.
The present work uses the presence of chromosomal aberrations (CAs)
and sister-chromatid exchanges (SCEs) as evidence for genotoxicity.
The subject sample comprised 51 anaesthetists of both sexes, currently
practising in Bangalore, India. The anaesthetists' peripheral blood was
cultured and metaphase spreads were prepared, to score CAs and
SCEs. BrdU was incorporated in the culture to help distinguish first
cycle metaphases from subsequent cycles. The CAs and SCEs in the
anaesthetists were scored, tabulated and compared with those seen in
matched controls comprising 51 physicians with no exposure to
anaesthetic gases.
The results of the present work show a significantly higher value for
CAs and SCEs in anaesthetists indicative of genotoxicity. The results
are discussed against the existing literature and suggestions are
proposed to reduce the level of ambient anaesthetic gases in the theater.
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Genotoxic air pollution of Ostrava city
K. MALACHOVA, L. DOBIAS
Department of Biology and Ecology, Faculty of Science, Ostrava,
Czech Republic

The pollutants of the ambient air is a serious ecological problem in the
Ostrava industrial agglomeration. The emissions contain a high
concentrations of the PAHs and heavy metals. The sources of them
especially ironworks, coke ovens, chemical and power plants.
The aim of the study is the detection of mutagenic effect of the
complex mixtures in the ambient air of the Ostrava city. The results
were compared with the state of the air genotoxicity in an occupational
environment of the coke ovens.
The testing was performed by using bacterial assays of mutagenicity -
the SOS chromotest and the Salmonella typhimurium His" test.
The results suggested that the ambient air of Ostrava city is
contaminated by the genotoxic substances of the type indirect and
direct mutagens inducting frameshift mutations, indirect mutagens
inducting SOS reparations and potencial mutagenic substances
inducting base substitution mutations. The direct mutagenic effect
could be probably caused by the specific chemical interactions among
individual components of the heterogenic mixtures, which can be
influenced by the fotoreactivation and other environmental conditions.
The samples of city air indicated only 4-times lower mutagenic effect
than samples of occupational air.
The results proved, that the mutagenic contamination of the air in this
area is not only a problem of the occupational expose, but it means a
great health risk for all inhabitants.
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Induction of micronuclei and comets in human HepG2
hepatoma cells and lipid peroxidation in rat caused by
complex aqueous mixtures (drinking water).
V. MERSCH-SUNDERMANN1. C. XIUNA2, Y. FEIY1, C.
JENTER1, L. XIAOYAN2, X. HONG2L. WENQING2

department of Medical Microbiology and Hygiene, Faculty of Clinical
Medicine Mannheim, University of Heidelberg, Germany, Department
of Environmental Health, Tongji Medical University, Wuhan, P.R.
China,

In the present study the genotoxic potency of chlorinated drinking
water extracts (CDW) from D lake, Wuhan (China), was examined
using human HepG2 hepatoma cells [in vitro micronucleus (MN)
induction and comet assay (SCGE)]. Additionally, the in vivo induction
of MN was examined [polychromatic erythrocytes (PCE) of bone
marrow of rats]. Furthermore, the influence of CDW on the
lipidperoxidation (LpO) in blood, liver, kidney and testicle of the
animals was studied.
We found an increase of the in vivo MN frequencies at low CDW
doses (33.33ml/kg b.w. CDW: 21.5 MN/1000PCE, p<0.05), but no
significant increase of MN using higher doses. This lack of
genotoxicity was caused by toxic effects. As a LpO-product the
concentrations of malone dialdehyde (MDA) were increased ahnost in
all animals and organs tested. Significant increases of in vitro MN
frequencies (HepG2) were found at high CDW concentrations [41
MN/1000 BNC (binucleated cells) for 16.7 I/ml CDW; negative
control: 23+3.27 MN/1000 BNC]. These results were hardened by
SCGE.
CDW contains various chlorinated byproducts which are suspected as
genotoxicants. We demonstrated that extracts of CDW were able to
induce genotoxic effect in vitro and in vivo. Furthermore, it could be
shown that CDW led to oxidative stress. Epidemiological studies have
shown an increased cancer mortality among CDW exposed populations
from D lake.
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Cytotoxicity and genotoxicity of dental resins using in
vitro tests and plant assays
S. MONARCA1, D. FERETTI1, P. GIGOLA2, A.
ZANARDIN1, C. PIOVAN1, I. ZERBINI1, S. MANFREDI1'
L. SAPELLI2

'Department of Experimental and Applied Medicine, Hygiene Section,
University of Brescia, Brescia, Italy; 2Dental Clinic, University of
Brescia, Brescia, Italy

Dental materials are frequently placed in direct contact with human
tissues for a very long time. For this reason it is very important to study
the potential genotoxicity and cytotoxicity of dental materials.
In the present study ten dental resins were studied with different
cytotoxicity tests (morphologic evaluation, LDH, total proteins, MTT,
neutral red adsorption, 5ICr release). Then extracts of dental resins
were obtained with different organic solvents and studied for
mutagenicity by Ames test. Aqueous extracts were also tested using a
genotoxicity plant test {Allium assay).
These dental materials showed different levels of toxicity and in
particular on proteins, cell and mitochondrial membranes. Ames test on
methanol and ethanol extracts gave negative results but strong bacterial
toxicity was often shown. The Allium test performed on aqueous
extracts after shaking for 10 days at 40°C gave positive results for
some dental resins. These results suggest the importance of performing
toxicity and mutagenicity tests before introducing new resins on the
market.
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Studies on mutagenicity and by-product formation in
river waters disinfected with peracetic acid
S. MONARCA1. M. GROTTOLO2, D. FERETTI1, A.
ZANARDINI1, S. RICHARDSON3, A. THRUSTON3, I.
ZERBINI1, C. PIOVAN1, S. MANFREDI1, G. NAVAZIO4,
P. RAGAZZO4

'Department of Experimental and Applied Medicine, Hygiene Section,
University of Brescia,, Brescia, Italy; 2Local Health Unit of
Brescia;3U.S. Environmental Protection Agency, Athens, USA;
department of Chemical Processes of Engineering, University of
Padova

Several studies have found organic mutagenic/carcinogenic compounds
in chlorinated drinking waters and epidemiological studies have shown
cancer hazards for populations drinking this type of water. Alternative
disinfectants to chlorine are under study in an attemp to reduce these
potential health risks.
This research aimed to study the influence of chlorine dioxide (C1O2),
sodium hypochlorite (NaCIO) and a new disinfectant, peracetic acid
(PAA) on the formation of mutagens in river water used for human
consumption.
A combined approach using Ames test and genotoxicity plant tests
(Allium test and Tradescantia/micronuclei test) was followed to
evaluate the mutagenic and/or toxic activity. Microbiological tests and
chemical characterization of by-products by GC/MS were also
performed.
PAA mutagenic activity revealed with Ames test was similar or lower
than that found for CIO2 and NaCIO. Negative results were always
found with Allium and Tradescantia/MCN tests. Microbiological
analysis showed that PAA was less bactericide on anaerobic bacteria
than NaCIO and CIO2 but more active against algae. Chemical analysis
by GC/MS have identified some by-products in treated waters. These
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results seem to support the potential application of PAA for drinking
water.
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Biological effect of natural products: influence on the
labeling of blood elements with technetium-99m
J.F. OLIVEIRA1 '2. A.C.S. BRAGA1, REINIGER IW1 AND
M. BERNARDO-FILHO1 '3

'institute de Biologia Roberto Alcantara Gomes, Universidade do
Estado do Rio de Janeiro, Brazil; 2UFRJ, Brazil; 3Instituto Nacional de
Cancer, Rio de Janeiro, Brazil

Several natural products have been used by human beings. Blood
elements labelled with technetium-99m(99mTc) have been employed in
nuclear medicine. In this labelling process, the reducing agent normally
used is the stannous chloride (SnCh). Our aim is to develop an in vitro
model, using the labelling of blood constituents with 99mTc, to
evaluate the oxidant/anti-oxidant potentiality of natural products:
Paullinia cupana, Pfaffia sp., Thuya occidentalis, Coffea arabica,
Peumus boldus and Baccharis trimera.
Blood was treated with the extracts, incubated with SnCl2 and 99mTc.
Plasma (P) and blood cells (BC) were separated, aliquots precipitated,
soluble (SF) and insoluble fractions (IF) isolated, counted and the
percentage of radioactivity (%ATI) determined. The %ATI with (i)
Paullinia cupana decreased on BC from 97.6±1.3 to 36.9±1.1 and on
IF-P from 79.2±1.4 to 8.0±1.3 (ii) Pfaffia sp. was not altered; (iii)
Thuya occidentalis decreased on BC from 97.6±1.3 to 75.8±1.4 and on
IF-P from 79.2 ± 1.4 to 46.9 ± 1.8 (iv) Coffea arabica decreased on
BC from 97.6±1.3 to 51.8±2.7 and on DF-BC from 78.0±1.2 to
35.7±2.4; (v) Peumus boldus there is a rapid uptake of the radioactivity
by BC and (vi) Baccharis trimera was altered on BC and on JJF-P.
These results could be explained by the different oxidant and/or anti-
oxidant capabilities of the tested natural products.
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Plant bioassays of possible environmental contamination
J. PARADIC ND M. LOVKA
National Institute of Biology, Ljubljana, Slovenia

In plants exposed to the sites in the area of the former uranium mine in
Slovenia, where the influence of radioactivity was suspected,
chromosomal aberrations were studied. Experimental plants (Viciafaba
L.) were potted in the soil from experimental sites in the close
proximity of the dry tailings pile and yellow-cake production plant of
the mine as well in the normal garden soil - one pot of each was
exposed to the experimental sites and in environment with no
anthropogenic radiation sources. At every experimental and control site
flower buds and root tips were sampled after six weeks of exposure.
Squash-slides of root tips and stamens were prepared for cytogenetic
analyses using standard methods. In the analyses, mitotic indices,
percentage of chromosomal aberrations and micronuclei as well as
pollen sterility and deformation were determined. The results indicated
the relationship between the degree of radioactive contamination and
damage to plant genetic material, but impacts of harsh weather
conditions and factors other than ionising radiation on cytogenetic
damage could not be excluded. Thus plant bioassays in natural
environments should be involved only with long-term biomonitoring for
identification of hazards from complex mixtures of genotoxic agents.
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Cytotoxic, genotoxic and mutagenic effects of a complex
mixture of substances generated by laser irradiation
U. PLAPPERT1. B. STOCKER1, R. HELBIG2, L. WEBER1

'Department of Occupational, Social and Environmental Medicine,
University of Ulm, department of Medical Genetics, University of
Ulm, Germany

Laser therapy has gained wide application in multiple medical
disciplines. Recent chemical analysis of the laser pyrolysis aerosol
revealed that at least 250 substances contribute to this complex
mixture, among them irritants and potential carcinogens. Therefore
aerosols generated by pyrolytic decomposition of tissues might be
potential health hazards.
We analysed the cytotoxic and genotoxic effects of aerosols from
different types of porcine tissue. Laser pyrolysis products were
sampled on glass fibre filters and tested in the comet assay, the SCE
test, the micronucleus test and the hprt gene mutation test.
The ability to induce cytotoxic and genotoxic effects turned out to be
strongly dependent on the type of tissue that has been irradiated.
Genotoxic properties of the aerosols analysed with comet assay, SCE
test and micronucleus test can be aligned as follows: adipose tissue <
skin < striated muscle « liver. Mutagenic effects in the hprt test can
be aligned as follows: skin « adipose tissue < striated muscle « l iver .
From our experiments it can be concluded that the laser pyrolysis
products originating from various types of porcine tissue differ in their
composition because they differ in their extent to induce DNA damage.
However, since all exhibit strong genotoxic and mutagenic properties
they have to be considered as potential health hazards for humans.
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Genotoxicity testing of wastewater sludge using the
allium cepa anaphase-telophase chromosome aberration
assay.
J. RANK
Department of Environment, Technology and Social Studies, Roskilde
University, Roskilde, Denmark

The use of wastewater sludge as a fertiliser on agricultural fields is
growing, in spite of the fact, that it often contains many toxic chemicals
of which some are genotoxic as e.g. the PAHs. The aim of the present
study was to introduce an easy method for the evaluation of
genotoxicity of wastewater sludge. Wastewater sludges from three
municipal wastewater plants, differing in size and industrial load, were
analysed during three winter periods in the Allium cepa genotoxicity
test. The toxicity of the sludges were tested in the Allium root inhibition
assay, and the results expressed as EC30 and EC50 values showed that
the toxicity could be positive correlated to the industrial load.
However, when genotoxicity was tested at concentrations
corresponding to the EC30 and EC50 values in the Allium cepa
anaphase-telophase assay, only two sludge samples from the smallest
plant with the lowest industrial load induced significant chromosome
aberrations: 7% aberrant cells were found at 1.14 g sludge/I, dry
weight, and 3% aberrant cells were found at 22 g sludge/1, dry weight.
Concentrations of the heavy metal's Pb, Ni, Cr, Zn, Cu, and Cd were
also determined and could partly be correlated with the toxicity of the
sludge and the industrial load of the treatment plants.
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DNA-adducts formed by ambient air particulate extracts
H.H. SCHMEISER, C.A. BIELER, M. WIESSLER, M.
FRIED, L. ERDINGER
Div. Molecular Toxicology, DKFZ Heidelberg and Hygiene-Institut,
Universitat Heidelberg, Heidelberg Germany

Organic extracts of particles collected from ambient air in cities or rural
regions score positive in bacterial and human gene mutation test-
systems. The organic matter responsible for the observed mutagenicity
is characterised only to a limited extent. Airborne particles from
Freiburg and a certified standard reference material (SRM 1648) were
extracted and fractionated by 2 different systems (liquid/liquid
extraction and HPLC). Extracts and their corresponding fractions were
tested for their ability to form DNA adducts in vitro by the 32P-
postlabeling assay. Enrichment by n-butanol extraction yielded better
results than digestion by nuclease PI. The total extracts of these
complex mixtures showed a concentration dependent DNA adduction
in the range of 1 adduct per 107-108 normal nucleotides without
metabolic activation. Oxidative or reductive activation had marginal
effects for both the adduction rate and the adduct spot pattern which in
all cases consisted of a diagonal radioactive zone (DRZ) of low
specificity. The polar fractions of the extracts responsible for the major
part of the mutagenicity also induced high levels of DNA adducts.
After reductive activation some of these fractions obtained by HPLC
resulted in specific DNA adduct patterns with discrete adduct spots
which might serve as biomarkers of air pollutants for human
biomonitoring.
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In vitro genotoxicity testing of water samples in two fish
cell lines: Results on reference substances
S. NEHLS, H. SEGNER

The comet assay (single cell gel electrophoresis), a technique for the
detection of strand breaks and alkali-labile sites of D N A in eucaryotic
cells, was applied to the two fish cell lines RTG-2 and RTL-W1
(rainbow trout gonad and rainbow trout liver, respectively). In order to
characterize the cell lines for potential application as genotoxicity test
systems in water samples, they were exposed to seven reference
substances, known as mutagenic or carcinogenic (4-nitrochinoline-l-
oxide, benzo(a)pyrene, N-nitroso-dimethylamine, nitrofurantoin, 2-
acetyl-amino-fluorene, N-methyl-N'-nitro-N-nitrosoguanidine and 2-
aminoanthracene). Marked differences of lowest observable effect
concentrations could be shown for these chemicals, while the cell lines
differed only in about one order of magnitude for a given substance.
Differences in metabolizing capacity of the cell lines, influences of
methodological variations and the choice of appropriate test strategy
and statistics are discussed.
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DNA adducts in cultured human hepatocytes after
treatment with polychlorinated biphenyls (PCBs)
2J. BORLAK, 2A. HOCK, JT. BESTMANN, }A. BADER1,
2E. RICHTER
'Leibniz Forschungsiaboratorien fiir Biotechnologie und kunstliche
Organe der Medizinischen Hochschule Hannover, Germany, 2Walther-
Straub-Institut fiir Pharmakologie und Toxikologie, Miinchen, Germany

PCBs have been shown to be carcinogenic in animals. In man, excess
exposure to PCBs has been associated with a slightly increased cancer
risk. The genotoxicity status of PCBs is controversial since almost all
short term tests for mutagenicity were negative. The formation of DNA
adducts is considered to be a critical step that may initiate
carcinogenesis and mutagenesis. Using 32P-postlabeling, lower
chlorinated congeners have been shown to be metabolically activated to
DNA-binding species. However, no adducts have been detected in
mouse liver after in vivo exposure to Aroclor 1254 or 1260. In this
study, human hepatocytes were treated for 24 to 96 h with 1, 5 and 20
ug/ml of a lower and a higher chlorinated biphenyl mixture, Aroclor
1016 and 1254, respectively. DNA adducts were detected by the 32P-
postlabeling assay with butanol or NP1 enrichment. DNA adducts were
detectable in untreated human hepatocytes. Treatment with A1016 and
A1254 increased the adduct levels up to 4- and 3-fold (NP1) and 7- and
5-fold (butanol), respectively. In addition, up to 5 new spots were
detected by multidirectional TLC after butanol but not NP1 enrichment.
From the present results an initiating effect of PCBs in humans cannot
be excluded.
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Fish hepatocytes for detecting DNA repair
H.-J. GRUMMT AND T. GRUMMT
Federal Environmental Agency, Bad Elster Branch, Bad Elster,
Germany

In chemical testing the primary mammalian hepatocyte DNA/repair
assay (UDS) is useful as relevant screening test for genotoxic
carcinogens. Establishing the UDS with liver cells from other species
has been limited because of problems with isolation of fresh cells and
short-time cultivating. We initiated the present study to establish a
DNA repair assay with primary hepatocytes from trout in order to
consider their relevance in a screening battery for genotoxicity in
aquatic systems. The methodology we used for the isolation of trout
liver cells and UDS followed a modified protocol for standard rat
hepatocyte DNA/repair assay. The trout liver was perfused with
collagenase, the resulted cell suspension was plated onto tissue culture
coverslips. Only with cells suspended in a serum-free medium a high
and reproducible cell attachment could be reached. Using collagen-
coated coverslips didn't improve cell attachment. Concurrently with the
exposure to the test material, the cell cultures were exposed to
[3H]TdR. The DNA repair synthesis was quantified using
autoradiography and scoring. The qualitative results of UDS testing of
5 known positive chemical genotoxins were in general agreement with
data reported with mammalian liver cells. However, quantitative
differences in NG counts were observed. In comparison with other
assay systems, the UDS with trout hepatocytes has been used
successfully in detection for genotoxic potential in surface water
mixtures and aquatic systems. (The project is funded by the German
Federal Ministry for Education, Science, Research and Technology,
BMBF, grant No. 02-WU 9561/7)
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The influence of the sulfotransferase inhibitor
dehydroepiandrosterone on cyproterone acetate-induced
UDS and apoptosis in primary rat hepatocytes
P. KASPER, K. GINDLER, L. MULLER
Federal Institute for Drugs and Medical Devices, Berlin, Germany

Recent studies have shown that Cyproterone acetate (CPA), a synthetic
progestin widely used in antiandrogenic drugs, induces DNA-adducts
and DNA-repair (UDS) in liver cells from female rats but not from
males. It has been suggested that hydroxysteroid-sulfotransferase,
which is sex specifically expressed in female rats is involved in the
activation of CPA to DNA binding species. In the present study the
influence of the hydroxysteroid-sulfotransferase inhibitor
dehydroepiandrosterone (DHEA) on different biological effects of CPA
in rat hepatocytes has been investigated.
UDS induced by CPA in hepatocytes from female rats was strongly
reduced by co-treatment with DHEA, confirming the view that
sulfotransferase activation of CPA is responsible for its genotoxic
activities. CPA was also found to induce apoptosis in hepatocytes from
female but not from male rats and this effect was also reduced by
DHEA. These findings indicate that apoptosis may be a direct
consequence of the DNA damage induced by CPA. However, other
potent DNA damaging compounds induced much less or no apoptosis
suggesting that DNA damage alone is not sufficient for induction of
apoptosis in rat hepatocytes. Since CPA shows also a mitogenic
activity in liver cells it may be speculated that mitotic stimuli render
hepatocytes more susceptible to apoptosis induction. Such a
mechanism would lower the risk of fixing DNA-adducts into mutations
and might explain why CPA is only a moderate rat liver carcinogen.
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An in vitro micronucleus assay with trout hepatocytes in
primary culture
J. NEUMAYER AND P. M. ECKL
Institute of Genetics and General Biology, University of Salzburg,
Austria

The most prominent biological effects of contaminated environments in
fish are liver neoplasms. This observation led to the development of
methods for primary culture allowing the determination of different
endpoints of cytotoxicity, however, it did not allow the determination
of clastogenic effects. Therefore, we adapted the culture conditions for
proliferating primary rat hepatocytes to primary trout hepatocytes. An
optimal proliferation was achieved in serum-free MEM-medium with
non-essential amino acids supplemented with glucagon (1 lag/ml),
insulin (9 ng/ml), prolactin (20 mU/ml) and EGF (40 ng/ml) at an
extracellular calcium concentration of 0.8 mM. Applying these
conditions a micronucleus assay was established and tested for its
sensitivity with the mutagen Af-methyl-Af-nitro-N-nitroso guanidine and
the promutagens aflatoxin Bi and cyclophosphamide. The results
obtained indicate that the micronucleus assay is very sensitive and
depending on the mutagen/promutagen tested either exceeds (AFBi) or
equals (MNNG) the sensitivity of the trout hepatocyte UDS assay. This
high sensitivity, however, is accompanied by a high variation between
experiments most probably reflecting individual differences relating to
differing capacities of the drug metabolising enzymes and the
responsiveness to proliferative stimulation with EGF. The micronucleus
assay with trout hepatocytes may be useful to determine the mutagenic
potential of particular environmentally active chemicals or polluted
surface waters and eventually as biological monitors of
mutagen/carcinogen exposure in aquatic environments.
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Genotoxic effects of nitrated polycyclic aromatic
hydrocarbons (nitro-PAHs) in primary rat hepatocytes
U. RIEDLMAIR. I. RAFFELSBERGER AND P. M. ECKL
Institute of Genetics and General Biology, University of Salzburg,
Austria

Nitro-PAHs are nitro-substituted derivatives of polycyclic aromatic
hydrocarbons which are generated as a product of incomplete
combustion of fossil fuel or chemical or photochemical reactions of
PAHs with NO2 and nitric acid. Some of the nitro-PAHs, i.e. 1,8-
dinitropyrene, 3-nitrofluoranthene, belong to the most potent mutagens
in the Ames test inducing significant effects at nanomolar
concentrations. Tests with mammalian cell lines on the other hand
revealed a comparably low mutagenic effect. Since the high
mutageniciry in the Ames test can be attributed to a high level of nitro-
reductases, and since the response of cell lines may not reflect the
actual mutagenic potential we reevaluated the mutagenic potential with
metabolically competent primary rat hepatocytes. The selected nitro-
PAHs (1-nitropyrene, 1,8-dinitropyrene, 2-nitrofluorene, 3-
nitrofluoranthene and 6-nitrobenzo(a)pyrene) were tested for their
potential to induce micronuclei and chromosomal aberrations in the
concentration range of 1 nM to 50 jxM. Low but statistically significant
increases of chromosomal aberrations were observed with 1,8-
dinitropyrene at concentrations > 100 nM, 2-nitrofluorene and 6-
nitrobenzo(a)pyrene at a concentration of 1 ^M. None of the nitro-
PAHs induced significant levels of micronucleated cells. In some cases,
i.e. 1,8-dinitropyrene this behaviour can be attributed to cytotoxic
effects as indicated by a decreasing mitotic index, which became
significant at concentrations > 1 jiM. Summarising, our results point to
a low mutagenic potential of nitro-PAHs which appears to be masked
at high concentrations by the increasing cytotoxicity.
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Comparative study of 12 chemicals in liver and bone
marrow micronucleus assays on mice and rats
L.P. SYCHEVA, V.V. YURCHENKO, V.S. ZHURKOV,
O.G. SALAMATOVA
A.N.Sysin Research Institute of Human Ecology and Environmental
Health, Russian Academy of Medical Sciences, Moscow, Russia.

The sensitivity of liver and bone marrow cells to different classes of
chemicals in mice and rats micronucleus assay were compared.
Treatment by carcinogens: benzo(a)pyrene; 1,2-dimethylhydrazine;
l,2-dibromo-3-chloropropane; 1,1,3-tribromopropane; N,N-
nitrosodiethylamine (per os) and by repellents:
dihexamethylencarbamide; N,N-diethyl-2,5-dimethylbenzamide; 0-
ftalat dimethyl ether; N,N-diethylamide phenoxyacetic acid; N-
piperidid m-toluil acid (per cutaneously) had no any effect in bone
marrow cells, but induced micronuclei in hepatocytes.
Cyclophosphamide and ethylenoxyde were effective for both tissues.
After single treatment both tests had equal sensitivity, but during
repeated treatment minimal effective doses in liver micronuclei test
were 10 times lower than in bone marrow test.
Our results have revealed that there is an objective reason to use other
organs (f.e. liver) together with bone marrow for screening of mutagens
and carcinogens.
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Diazepam-induced aneuploidy in human and mouse
sperm detected by multicolor fluorescence in situ
hybridization (FISH)
A. BAUMGARTNER1'2, T.E. SCHMID1, A.E. CZEIZEL3,
A.J. WYROBEK2,1.-D. ADLER1

'GSF-Institut fur Saugetiergenetik, Neuherberg, Germany, 2Lawrence
Livermore National Lab., BBRP, Livermore, USA, 3National Institute
for Health Promotion, Budapest, Hungary

Diazepam (Valium®) a widely used sedative is proposed to act as an
aneugenic drug by disturbing the spindle function during male meiosis.
This may lead to increased incidences of spontaneous abortions or
various aneuploidy syndromes. Five men exposed to a single dose of
0.7-7 mg/kg diazepam during attempted suicide provided semen
samples ~45d after intoxication. Multicolor FISH was applied to study
aneuploidy chromosomes X, Y, and 21 in sperm. The samples showed
significant increases for disomy 21 (1.9 fold; pO.05), disomy X (2.7
fold; p<0.01), sex-chromosomal disomy (1.8 fold; p<0.05), and total
hyperhaploidy (1.7 fold; p>0.01). In a parallel mouse study multicolor
FISH with DNA probes for chromosomes X, Y, and 8 were used. With
3 mg/kg diazepam, which was similar to the average dose of the
suicide patients, no induction of aneuploidy was found in mouse sperm.
The mouse study with 300 mg/kg diazepam showed a significant
increase in diploidies (9 fold; p<0.05) and also in hyperhaploidy (1.8
fold; p<0.05). In conclusion, these findings indicate that the induction
of germinal aneuploidy can be detected by multicolor FISH in sperm of
mice and human. Presently, a study for the evaluation of men
chronically intoxicated with diazepam is in progress.
]EU contract EV5V-CT94-0403 and US DOE, 2US DOE contract W-
7405-ENG-48
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Trichlorfon induces spindle aberrations in mammalian
oocytes.
U. EICHENLAUB-RITTER. S. CUKURCAM AND I.
BETZENDAHL
University of Bielefeld, Fakultat fur Biologie,
Gentechnologie/Mikrobiologie,
Bielefeld, Germany

Meiotic arrest or delay of oocyte maturation in response to chemical
exposure can reduce fertility but may also prevent aneuploidy
(Eichenlaub-Ritter et al., Mutation Res. 372, 1996). We provide now
evidence that even high concentrations of the pesticide trichlorfon do
not arrest cell cycle progression of in vitro maturing mouse oocytes.
However, trichlorfon-exposed oocytes have abnormal spindles and
displaced chromosomes in meiosis I. Since they mature to metaphase
II, mammalian oocytes may not possess a metaphase checkpoint
responding to displaced chromosomes or trichlorfon interferes with
checkpoint control. Aberrant spindles and unaligned chromosomes
were also significantly increased in metaphase II. This poses a high risk
for nondisjunction and aneuploidy in anaphase. In fact, there was an
association between consumption of trichlorfon-poisoned fish around
conception by women and congenital malformation and Down
syndrome in their children in a small village in Hungary (Czeizel et. al.,
Lancet, 341, 1993). Our observations provide evidence that trichlofon
may affect chromosome distribution by interfering with spindle
formation and chromosome alignment in oocytes. For the first time a
link between environmental exposure of the female, spindle aberrations
in mammalian oogenesis and trisomy in the human becomes apparent.
Supported by the EU (ENV4-CT97-0471).

280



P141

Seasonal air pollution and sperm aneuploidy in healthy
18 year olds
J. RUBES2, W.A. ROBBINS1, S.G. SELEVAN3, S.D PERREAULT4

'UCLA Center for Occupational and Environmental Health, Los
Angeles, CA; 2Veterinary Research Institute, Bmo, Czech Republic;
3U.S.E.P.A., Washington, USA; "U.S.E.P.A., RTP, NC, USA

Aneuploidy is a chromosomal abnormality that causes pregnancy loss,
perinatal death, congenital defects and mental retardation. It is an
important source of cytogenetic damage transmitted to offspring via
sperm. To investigate whether exposure to air pollutants influences
aneuploidy frequencies in sperm, aneuploidy was measured in a subset
of semen samples (n=32) collected in a larger study (N=325) of air
pollution and reproductive health sponsored by the Czech Ministry of
the Environment and U.S. Environmental Protection Agency. On
enrolment, participants had a physical examination, donated semen, and
completed a detailed questionnaire on health, work and lifestyle. All
subjects in the aneuploidy subset were 18 year old non-smokers with
normal sperm production (>40 million sperm per sample).
Fluorescence in situ hybridisation was used to detect the number of
sperm carrying multiple copies of chromosomes X, Y, and 8.
Results: Hybridisation efficiency was 99.78%. Proportions of X
bearing and Y bearing sperm were ~ 50% X: 50% Y. Disomic sperm
per 10,000 scored cells were as follows:
XX8 YY8 XY8 8-8 XX88YY88XY88
3.3 2.3 5.0 2.5 3.8 3.4 15.7

Relationships between seasonal air pollution, other covariates of
interest and sperm aneuploidy were described using Poisson and linear
regression modeling. YY8 aneuploidy was significantly associated with
season of heaviest air pollution (RR 5.25 95% CI 2.5 - 11.0; linear
modeling of normally transformed yy8, coefficient 1.44, pO.OOOl). No
other cytogenetic endpoints were significantly associated with seasonal
air pollution. These findings are suggestive of an influence of seasonal
air pollution on YY8 disomy. However, estimates of exposure are not
available on an individual level and it is not possible to separate a
seasonal effect from that of air pollution. In addition, this work
contributes important new information on baseline aneuploidy
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frequencies for 18 year olds, a group not previously described with
regard to sperm cytogenetic endpoints.
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Towards the validation of the in vitro micronucleus assay
- a comparison of two primary cell lines
J. WILLIAMSON, E.M. PARRY AND J.M. PARRY
Centre for Molecular Genetics and Toxicolgy, University of Wales
Swansea, UK

The in vitro micronucleus (MN) assay is currently being considered as
a suitable alternative to the chromosome aberration (CA) assay for the
Gene Tox test battery. It is therefore necessary to find a suitable cell
type on which to perform the test. Such a cell type should be available
in adequate quantities and have a stable karyotype.
With the advent of methodologies using kinetochore, pancentromeric
and chromosome specific centromere probes, the in vitro MN assay
can not only be used to identify those compounds capable of causing
chromosome breakage (clastogens), but also those capable of inducing
chromosome loss or malsegregation (aneugens). For this reason a
primary cell line is required, as only cells with a stable well defined
chromosome complement are optimal for analysing such aneuploidic
events.
This study assesses the suitability of 2 primary cell lines, human
foreskin fibroblasts (WTLL3) and human long-term lymphocytes
(O'Donovan, M.R. et al, (1995) Mutagenisis, 10, 189-201) for use in
the in vitro MN assay. The testing of the long-term lymphocytes is in
conjunction with a UKEMS trial to assess their suitability for use in a
range of Gene Tox screening assays.
Well documented aneugenic and clastogenic compounds have been
selected for the purposes of this study and both MN induction and
kinetochore presence were analysed.
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Analysis of oxidative DNA damage and HPRT mutations
after hyperbaric oxygen treatment
C. DENNOG1. C. GEDIK2 AND G. SPEIT1

'Universitatsklinikum Ulm, Abteilung Medizinische Genetik, Ulm,
Germany, 2Rowett Institute, Aberdeen, Scotland, United Kingdom

DNA damage induced by reactive oxygen species (ROS) seems to play
an important role for the induction of mutations and cancer. Recently,
we have shown that hyperbaric oxygen treatment (HBO) of volunteers
(i.e. exposure to 100% oxygen at a pressure of 2,5 ATA) induces DNA
damage in the comet assay with leukocytes, but no chromosomal
damage was detected. Since we observed considerable variation among
individuals, we now tested the influence of GSTM1 and GSTT1
genotypes on the induction of the genotoxic effect. However, we could
not find any association between the amount of DNA damage and the
GST genotypes. Using formamidopyrimidine-DNA glycosylase (FPG)
we provided indirect evidence for the induction of 8-oxoguanine and
other oxidative base damage, although direct measurement of 8-
oxoguanine by HPLC-analysis did not reveal elevated levels in
lymphocytes after HBO treatment.
Since 8-oxoguanine is known to be a premutagenic lesion, we
investigated the induction of genemutations in the HPRT-test with
human lymphocytes. The T-cell cloning assay was performed with
subjects before and after HBO treatment. None of the subjects tested
showed increased mutant frequencies after HBO.
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Studies on the effect of a tu-6 polyunsaturated fatty acid
diet on hprt-mut&tion frequency in human T-lymphocytes
C. ECKERT, P. SCHMEZER, R. FREESE1, M.
MUTANEN1, J. NAIR AND H. BARTSCH
Division of Toxicology ad Cancer Risk Factors, German Cancer
Research Center, Heidelberg, Germany, 'Department of Applied
Chemistry and Microbiology, University of Helsinki, Faculty of
Agriculture and Forestry, Helsinki, Finland

About one third of all human cancers are attributed to nutrition, dietary
fat being considered as one of the main risk factor. Epidemiologic and
experimental studies have demonstrated an association between an
intake of high tu-6 polyunsaturated fatty acids (PUFA)/low TU-3 PUFA
diet and increased risk for breast and colon cancer. A recent study
reported on the formation of promutagemc etheno adducts in leukocyte
DNA after intake of a tu-6 PUFA rich diet in vivo (12,7 % of energy).
Only in females a 40-fold increase of adduct level was seen when
compared to subjects with low intake of tu-6 PUFA (5,5 %). In a
second similar study, for ethical reasons, lower amounts of w-6 PUFA
(9,5 % of energy) were applied to female volunteers. One of our aims
was to determine whether such a tn-6 PUFA diet can also increase
somatic mutations in human lymphocytes. We have applied the hprt-J-
cell cloning assay, as a suitable method to determine somatic mutations
in vivo. Frequencies of hprt mutation were determined in T-
lymphocytes from blood samples taken from 10 female volunteers
before and after a 4 week period, during which they recieved a
controlled diet, containing 9,5 % of energy intake as w-6 PUFA.
While there were considerable inter-individual differences in hprt
mutation frequencies within the study group at both sampling times,
ranging from 2 to 159 x 10'6, mutation frequencies of individual
subjects remained remarkably constant after the 4 week period. The
mean mutation frequency of 30 (+ 44) x 10"6 at the beginning of the
controlled diet period seemed to be not affected by the PUFA rich diet,
resulting in a similar mean mutation frequency at the end of the study.
Etheno DNA adduct levels and other blood parameters in the same
samples are currently analysed, and will also be discussed.
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Rapid characterisation of mutations in amplified human
hprt cDNA by polyacrylamide gel electrophoresis
F. GARGANTA, G. KRAUSE. AND G. SCHERER
Analytisch-biologisches Forschungslabor, Mitachen, Germany

Compiling hprt mutation spectra involves the analysis of numerous 6-
thioguanine-resistant clones for identifying point mutations. Since
cDNA amplificates are compulsary intermediates in most mutant
classification protocols, we suggest their preliminary characterisation
by polyacrylamide gel electrophoresis (PAGE) for a rapid distinction
between clonal and independent mutants.
PAGE of Alul-digested cDNA amplificates increased the sensitivity for
detecting RT-PCR products of reduced size, e.g. in the case of missing
exon 5. Loss of specific restriction sites and size differences in the
restriction fragments indicated which exons were missing. The
determination of exon loss from cDNA amplificates might help to find
the point mutations responsible for aberrant splicing by directing
towards genomic target regions, thus eliminating the need of laborious
multiplex PCR comprising all exons.
For single-strand conformation polymorphism (SSCP) analysis of five
known point mutations, sub-amplificates comprising exons 7 and 8 of
hprt cDNA were obtained and subjected to a combined heat and alkali
denaturation protocol prior to electrophoresis under non-denaturing
conditions. Five known nucleotide substitutions within the amplified
region, including the C508T hotspot mutation, resulted in mobility
shifts of single-strand bands relative to the wild type pattern.
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Chromosomal aberrations and HPRT mutant frequencies
in human lymphocytes after an accidental vinyl chloride
exposure
E. HUTTNER, T. NIKOLOVA, R. BECKER. AND H.
FOTH
Institute of Environmental Toxicology, Martin-Luther-University Halle-
Wittenberg, Halle/Saale, Germany

In 1996 a vinyl chloride accident occurred near Magdeburg (Sachsen-
Anhalt). One wagon of a train with 18 wagons containing vinyl chloride
derailed, exploded and burned for several days. Thereby, the human
population living in this region was exposed to free vinyl chloride and
its byproducts. The atmospheric concentration of vinyl chloride within
the first 15 hours after the accident was not measured. Later,
concentrations of 1 to 8 ppm of free vinyl chloride were measured. The
genotoxic and carcinogenic potential of vinyl chloride is well known.
For this reason, we studied chromosomal aberrations and the frequency
of hypoxanthine guanine phosphoribosyltransferase (HPRT) mutations
in peripheral blood lymphocytes from 29 potentially exposed and 29
non-exposed (control) individuals to monitor the genetic effects of the
environmental pollution by vinyl chloride. Chromosomally aberrant
cells occurred with frequencies between 1 and 3% per individual in
both populations. The exposed group showed a statistically significant
increase in the mean frequency of aberrant cells as compared to the
control (1.47% vs. 1.07%). The HPRT mutation assay revealed only a
marginal difference between the mutant frequencies in the exposed
group (3.4 x 10"6) and the controls (3.1 x 10"6). A follow-up study is
being carried out at present.
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Brdu-Labeling: an alternative method to analyse gene
mutations in human lymphocytes ALTERNATIVE
F. MAFFEI, C. FIMOGNARI AND P. HRELIA
Department of Pharmacology, University of Bologna, Bologna, Italy

The procedure for the analysis of mutations in the hypoxanthine-
guanine phosphoribosyl transferase (hprt) gene of human lymphocytes
using the 5-bromodeoxyuridine (BrdU) labelling in combination with
immunocytochemical staining has been proposed as a biomarker of
early biological effects of genotoxic exposures. However, more
information is necessary on the feasibility of the BrdU-method for
human biomonitoring. Our work was aimed at evaluating some
experimental conditions which could affect the determination of hprt
variant frequency or the quality of slides. Moreover, we have
investigated the reproducibility of standardised protocol by evaluating
the intrassay variation of frequencies of 6-thioguanine resistant (TGr)
peripheral blood lymphocytes in five healthy donors. The split
measurement of frequencies of TGr lymphocytes of five donors yielded
variant frequency (VF) ranging from 1.24x10^ to 3.32xl0*5, and a
relatively small intravaration in VFs was found for each donor. In
addition we have investigated the applicability of an
immunocytochemical staining methods using a fluorescein conjugated
anti-BrdU monoclonal antibody. The preliminary results have shown
that the immunofiuorescent staining permits a good microscope
analysis and could simplify attempts to automate the analysis of TG-
mutants by flow cytometry. These results indicate that the BrdU-
method could be an alternative assay to investigate gene mutations in
exposed human populations
Work supported by EEC, Contract N° BMH4-CT96-0120
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HPRT mutant frequency and chromosomal aberrations
induced by gamma and proton irradiations in human
lymphocytes
M. MOGNATO1. S. CANOVA1, P. FERRARO1, A.
RUSSO1, C. SALATA1, P. TIVERON2, S. FAVARETTO2,
R. CHERUBINI2, AND L. CELOTTI1

Dipartimento di Biologia, Universita di Padova, ' Laboratori Nazionali
di Legnaro-INFN, Padova, Italy

We are studying genetic and chromosomal effects induced by gamma-
rays and protons in human lymphocytes in order to assess the
persistence of genomic instability after exposure to proton irradiations.
Human lymphocytes were irradiated with low-energy protons
(27keV/um) at the 7 MV Van de Graaff CN accelerator of the INFN-
Laboratori Nazionali di Legnaro after their adhesion to mylar foil and
with gamma rays (6OC0). After irradiation lymphocytes were cultured
in the appropriate conditions to measure HPRT mutant frequency and
chromosomal aberrations (CA). Lymphocytes irradiated with gamma
rays in the dose interval 1-4 Gy showed a survival from 64 to 9% and
the frequency of mutant for the highest dose was 26/106 cells. After
proton irradiation (0.5-2.5 Gy), the survival decreased to 20% and the
frequency of mutants reached the maximum value (33.5 /106 cells) at
1.5 Gy. Mutant clones derived from gamma and proton irradiated or
non-irradiated cells are analysed by RT-PCR and MP-PCR to compare
the mutations induced by the two irradiation kinds. From non selected
clones we are obtaining cell populations derived from the irradiated
cells to assess in the progeny the persistence of radiation-induced
damages, which should be carefully considered for the therapeutical
use of proton irradiation.
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Using erythrocytes from rat peripheral blood in the
micronucleus assay
L. ABRAMSSON ZETTERBERG1. J. GRAWE2 AND G.
ZETTERBERG1

JDept. of Genetics, Uppsala University, Sweden; 2Dept. of Genetic and
Cellular Toxicology, Stockholm Univ. Stockholm, Sweden

For a long time it has been considered that rats are not suitable for
measuring the frequency (f) of micronucleated erythrocytes (ME) in the
peripheral blood (pb). The spleen is effectively eliminating the ME
from the circulating blood. However, we have shown that pb of rats can
be used in the micronucleus assay when restricting the analysis to the
youngest polychromatic erythrocytes (PCE).
The time course for the maturation of erythroblasts/erythrocytes was
determined. The maximum frequency of micronucleated PCE (fMPCE)
occured at 30 hours after an acute dose of X-rays, 0,1 Gy. Using the
flow cytometer based micronucleus assay there is practically no
limitation in the number of age classes in PCE that can be analysed.
The fMPCE was determined in two ways: 1) all PCE were included in
the analysis, 2) the analysis was restricted to 25% of the youngest
PCE. We found a significant increase of fMPCE (pb) among the
youngest PCE after low doses of X-rays (50 mGy and 100 mGy).
The high resolution and the possibility to restrict the analysis to a
certain subpopulation of PCE indicates that it may be possible to use
erythrocytes from human peripheral blood in the micronucleus assay.
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Linking B(a)P-induced response detected by AP-PCR
with fitness parameters in Daphnia magna
F. ATIENZAR, M. CONRADI, A. EVENDEN, JHA
AWADHESH & M. DEPLEDGE
Plymouth Environmental Research Centre (PERC), University of
Plymouth, Plymouth, UK

There is a paucity of information on the potential effects of genotoxin-
induced genetic damage in aquatic organisms at the population level.
Our objective was to determine whether there is a possible link
between genetic damage and fitness parameters. DNA damage as well
as survival, growth and reproductive success were therefore evaluated
in the freshwater flea, Daphnia magna, following exposure to varied
concentrations of benzo(a)pyrene [B(a)P; 0.0125 to 0.2 mgl-1]. Using
the arbitrarily-primed polymerase chain reaction (AP-PCR), qualitative
and quantitative modifications in DNA fingerprints, as a measure of
genotoxin-induced DNA damage were observed in treated individuals
compared to controls. B(a)P concentrations higher than 0.05 mgl-1
reduced the age-specific survivorship and longevity of the organisms.
Growth was affected at 0.1 and 0.2 mgl-1. Exposures below 0.025 mgl-
1 did not delay the onset of first reproduction in the daphnids but the
time between broods was prolonged, probably to reduce the negative
impact on survival and brood size. Although age-specific fecundity was
as sensitive as DNA changes detected using DNA fingerprints, the
genetic endpoint appears to be more sensitive than survival and
reproductive parameters. In summary, B(a)P induced genetic damage
appears to have an impact on Darwinian fitness of the exposed
individuals.
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Formation of DNA adducts by polycyclic aromatic
hydrocarbons (PAHs) in cultures of human diploid lung
fibroblasts
B. BINKOVA. P. ROSSNER, R.J. SRAM
Regional Institute of Hygiene & Institute of Experimental Medicine,
Prague, Czech Republic

In the present study we investigated the formation of DNA adducts by
carcinogenic PAHs present in the environment (benzo[a]pyrene, B[a]P;
benzo[b,k]fluoranthenes, B[b]F, B[k]F; benzo[a]anthracene, B[a]A;
chrysene, CHRY; dibenzo[ah]anthracene, DB[ah]A; indeno[cd]pyrene,
I[cd]P) and recently studied exceptionally potent animal carcinogen
dibenzo[al]pyrene (DB[al]P) in cultures of human diploid lung
fibroblasts (USOL, Prague). DNA isolated from the exposed confluent
cultures was analysed by 32P- postlabelling assay. The combination of
TLC with HPLC analysis of labelled adducts to identify DNA adducts
formed was used. B[a]A, CHRY, DB[ah]A did not form any DNA
adducts in concentration ranges tested (0.01-10 iM), whereas other
PAHs formed DNA adducts presumably diolepoxides-derived. DNA
binding activities of single compounds were as follow: DB[a,l]P (up to
1710 adducts/108 nucleotides) » B[a]P (up to 125 adducts/108

nucleotides) » B[k]F ~ B[b]F ~ I[cd]P ( up to 8 adducts/108

nucleotides). The activity of B[a]P was greatly (10-100 fold) inhibited
by co-incubation with B[b]F, B[k]F, B[a]A, CHRY, DB[ah]A and
I[cd]P in equimolar concentrations. The results demonstrated the
usefulness of human diploid cell culture as a test system for the
investigation of interactions between compounds when present in
complex mixtures.
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32P-postlabelIing in vivo: appropriate positive control
substances for rat uterus and urinary bladder epithelium
S.Y. BRENDLER-SCHWAAB AND B. HERBOLD
Toxicology, Bayer AG, Wuppertal, Germany

After chronic exposure tumours may develop although ,,classical"
genotoxicity tests revealed negative results for the test compound.
Therefore, further investigations should clarify whether the tumours
developed due to genotoxic mechanisms. In most cases tumour target
organs cannot be investigated with routine genotoxicity methods
whereas the 32P-postlabel-ling assay in vivo is able to detect stable
DNA adducts in these organs. To demonstrate the adequate
performance and the sensitivity of the 32P-postlabelling method in the
investigated organ appropriate positive controls must be used. For this
purpose we investigated DMBA and 2-AAF as positive controls in
female Wistar rat uterus and urinary bladder epithelium after nuclease
PI enrichment or butanol extraction. Animals orally received 120mg/kg
2-AAF or 150 mg/kg DMBA and were sacrificed 17h later. Both
compounds induced relevantly altered DNA adduct patterns in the
uterus using both enrichment methods. The same was observed for
DMBA in urinary bladder epithelium. In contrast, no 2-AAF related
DNA adducts could be observed after nuclease PI enrichment in
urinary bladder epithelium, whereas the typical 2-AAF adduct pattern
was detectable after butanol extraction. Therefore, positive controls for
each organ and enrichment method must be carefully selected to
guarantee valid investigations of unknown compounds.
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Characterisation of the human Iymphoblastoid cell lines
AHH-1 and MCL-S by CGH and chromosome painting
C. CORSO, E.M. PARRY AND J.M. PARRY
Centre for Molecular Geneteics and Toxicology, University of Wales
Swansea, UK

AHH-1 TiC1' is a human B-cell derived lymphoblastoid cell line that
constitutively expresses a high level of the cytochrome CYP1A1. The
MCL-5 cell line was developed by transfection of AHH-1 with cDNA
encoding the human cytochrome P450, CYP1A2, CYP2A6, CYP2E1,
CYP3A4 and mycrosomal epoxide hydrolase carried in plasmids
(Crespi et al, 1991). The metabolic components of these cell lines make
them a useful screening tool for use in mutagenicity studies. Although
AHH-1 and MCL-5 are closely related, the two cell lines present some
differences which cannot be attributed to the subsequent transfection.
In the present study both cell lines have been investigated for
chromosome stability by Comparative Genomic Hybridisation (CGH)
and by chromosome painting. According to the results obtained
previously in our lab (Doherty, 1996) the cell lines have a modal
chromosome number of 48, with an extra chromosome 3 and 9. We
carried out CGH in order to confirm these results. Using this technique,
amplification in the chromosomes 4q, 3q and 9p have been detected in
both cell lines. To compare both the lymphoblastoid cell lines directly,
AHH-1 and MCL-5 DNA's, labelled in green and red respectively, have
been co-hybridised on the same metaphases in a modified CGH
technique. The only difference observed is the degree of amplification
involving the subtelomeric region of chromosome 4. In situ
hybridisation with whole chromosome probes and telomeric probes for
chromosomes 4, 3 and 9 have shown the presence of isochromosome
3q and 9p in both the cell lines with a modal chromosome number of
48 or higher. The same results have been recently obtained by Lippoli
Doepker et al (1998) using classic cytogenetic analysis. Moreover, the
two cell lines present two normal copies of chromosome 4 and an
additional telomeric region 4q translocated onto an unknown
chromosome and/or onto chromosome X. These data confirm the
validity of the CGH technique and its utility in highlighting DNA
amplification in aneuploid cell lines.
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Anaphase aberrations in the embryos of the polychaete,
Pomatoceros lamarckii'. a novel test system for
determining the presence of mutagens/aneugens in the
marine environment
P. DIXON1. J. WILSON1, P. PASCOE2 AND J. PARRY3

'Southampton Oceanography Centre, Empress Dock, Southampton,
UK; 2Plymouth Marine Laboratory, Plymouth UK; 'Department of
Biological Sciences, University of Wales Swansea, UK

The marine environment receives a wide variety of chemical inputs,
many of which have the potential to damage DNA or interfere with the
process of cell division. Here we describe a new test assay based on
the early embryo and larval stages of a planktonic spawning, tube-
dwelling marine worm, Pomatoceros lamarckii, which for experimental
purposes, has the advantage of producing large numbers of ripe
gametes throughout the majority of the year. One of the most promising
endpoints we have examined to date, is the use of dividing cells to
detect anaphase aberrations such as acentric fragments, bridges,
lagging chromosomes and tri-polar anaphases. Significant increases in
the frequency of anaphase abnormality occurred with most test
compounds at relatively low concentrations, confirming the sensitivity
of the assay. In addition, the developmental and survival consequences
of exposure to these compounds were assessed at the 48-h larval stage.
The new test assay provides a rapid and inexpensive method for
screening potentially clastogenic or aneugenic compounds destined for
release into the marine environment, and for monitoring the effects of
mutagens under field conditions.
This research was funded by a NERC-ROPA grant to D.R.Dixon.
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Chromosomal content of spontaneous and drug induced
micronuclei as revealed by chromosome painting
E. FAUTH. H. SCHERTHAN AND H. ZANKL
Universitat Kaiserslautern, Kaiserslautern

The occurrence of all human chromosomes in micronuclei (MN)
induced by treatment of human blood lymphocytes with 5-azacytidine
(5-Aza-C; 0,5|aM), idoxuridine (IUdR; 40|ig/ ml), mitomycin C
(MMC; 500ng/ml), and diethylstilbestrol (DES; 80pM) was studied by
FISH with whole chromosome painting probes.
As compared to spontaneous rates of 0,06 to 0,45%, all the tested
substances enhanced the MN-rates by factors ranging from 6-23.
Metaphase analysis disclosed that 5-Aza-C, IUdR, and MMC induced
undercondensations of heterochromatic regions of chromosomes #1,
#9, #16 and Y in 80-90% of metaphases. DES, on the contrary, only
caused numerical aberrations. Chromosome painting analysis revealed
the preferential exclusion of material of those chromosomes into MN
which displayed undercondensed heterochromatin in metaphases:
About 30% of 5-Aza-C-induced MN contained material of
chromosomes #1, #9 and #16. Nearly 80% of IUdR-induced MN were
positive for chromosome #9, while the occurrence of #1 material was
only moderately increased. In MMC-induced MN, 60-70% were
positive for chromosome #9.
These results demonstrate that drug induced undercondensation of
heterochromatin is linked to the preferential occurrence of
,,heterochromatin rich" chromosomes in MN.
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Use of comet assay to detect apoptosis : comparaison with
results obtained by conventional tests.
T. GODARD1'2. E. DESLANDES1, F. SICHEL1, C.
STAEDEL1, J.M. POUL2 AND P. GAUDUCHON1

'CJF-INSERM & grecan, Centre Regional Fran9ois Baclesse, France,
2CNEVA (Centre National d'Etudes Vétérinaires et Alimentaires)
Laboratoire des Medicaments Vétérinaires, Unite de Toxicologie,
Javené Fougéres, France

The comet assay seemed to be an appropriate test for the detection of
DNA fragmentation that occured during apoptosis. The aim of this
study was to assess the potential correlation between the presence of
« highly DNA damage cells » (HDC) and apoptotic cells evaluated by
conventional tests such as DNA flow cytometry, DAPI staining of
nucleus, TUNEL assay and Annexin test. When CHO cells were
treated by staurosporine, a nonspecific inhibitor of protein kinase C,
our results, in agreement with a number of reports, indicated that
phosphatidylserine externalization was a very early biochemical feature
in the apoptotic process (after 1 hour treatment by 50, 200 and 800 nM
of staurosporine). DNA fragmentation related to apoptosis could be
detected by all conventional techniques only after 6 hours treatment
whereas the number of HDC increased as soon as 3 hours treatment.
Nevertheless, results showed that the percentage of HDC was lower
than the percentage of apoptotic cells detected after 6 hours treatment.
In these experimental conditions, the comet assay detect apoptosis with
a higher sensitivity than conventional techniques but HDC seemed to
partly disappear when the DNA fragmentation was to high (after 6
hours treatment).

302



P157

Cytochrome P-450 activity in lymphocytes as the
exponent of Chernobyl liquidators health
E.P.GUSKOV, N.P. MILUTINA., A.A., ANANYAN, T.P.
SHKURAT, T.A. ZAITZEVA AND A. V KOVTUN
Department of Genetics State University, Rostov-on-Don, Russia

With the object of the revealing interrelation between Cytochrome P-
450 activity and some membrane structure properties in lymphocytes,
lipid peroxidation intensity activity of antioxidative enzymes of blood
and Chernobyl liquidators' health state were studied.
The patients studied worked in 1986-1987 within 30 km zone around
the Chernobyl nuclear power station. The first group of patients
consisted of persons is characterised by moderate changes in cardio-
vascular and central nerve systems functions. In the second group
included persons it was observed postradiation encephalopathy
confirmed by vegeto-vascular disorders, endocrinal shifts, vestibular
ataxia and memory loss.
It was shown that two types structural-metabolic alterations in
lymphocytes and erythrocytes of peripheral blood of liquidators were
observed, hi the first group of liquidators it was found the activity of
Cytochrome P-450 in lymphocytes decreases by 48% (p<0,05), while
the catalase activity increases by 64% (p<0,05). In the erythrocytes the
level of the second products of lipid peroxidation (LPO) -
malonedialdehyd - increases by 55% (p<0,05). The microviscosity of
protein-lipid contact zones of lymphocyte membranes increases by
21% (0,05 < p < 0,1).
On the contrary in the second group of liquidators we observed
considerable changes, of biochemical and biophysical indexes in blood
cells. Cytochrome P-450 activity increases by 93% (p<0,05), while the
catalase activity remains unchanged in lymphocytes. At the same time
the SOD activity decreases by 50% that leads to the intensification
LPO in erythrocytes. In lymphocyte membranes the microviscosity of
lipid bilayer decreases by 34% (p<0,05), while the microviscosity of
protein-lipid contact zones decreases by 63% (p<0,001).
This means that the distant consequences of Chernobyl accident are
accompanied by changes of lipid-lipid and lipid-protein interactions.
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The obtained date correlated to the manifestation of clinical changes,
characterised by severe postradiation encephalopathy.

304



P158

Micronucleus test in different species of teleost fish
sampled from two coastal lagoons of the adriatic sea
B. GUSTAVINQ, P. GIUSTINIANI, A. LOY, S. MINISSI, S.
CATAUDELLA AND M. RIZZONI
Dept. of Biology, Univeristy of Rome, Rome, Italy.

In the context of environmental monitoring of aquatic systems for the
presence of mutatenic pollutants micronucleus test in fish erythrocytes
has been shown to be simple, reliable and sensitive (Al Sabti K. and
CD. Metcalfe, (1995) Mutation Res., 343, 121-135; Minissi S.,
Ciccotti E. and Rizzoni M., (1996) Mutation Res. 367, 245-251).Our
aim is the comparison of the sensitivity to the mutagenic effect - by
micronucleus test- of four species of Mugilidae (Mugil cephalus, Liza
ramada, Liza aurata,Chelon labrosus) captured from Lesina, a coastal
lagoon in the Adriatic sea. In addition, for Mugil cephalus the same
analysis has been perfomed in specimens captured from a second
lagoon (Goro), as well as in a group of specimens maintained in
aquaculture-laboratory for ten months after their capture. The sample
size ranges between 10 and 25 fishes per site. Blood smears were made
after cardiac puncture; slides were fixed in absolute-methanol and
feulgen stained. Scoring of micronuclei was carried out on 6,000
erythrocytes per individual.
A significant increase, by Student-t test, (p<0.01) of micronucleus
frequency was observed in samples of Mugil cephalus collected from
Goro compared to both samples from Lesina and from the laboratory.
This result indicates the presence of mutagenic pollutants in the lagoon
of Goro. No significant differences of micronucleus frequencies are
observed in the four different species captured from Lesina.
This work is financially supported by Progetto PRISMA-CNR.
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The Mammalian Gene Mutation Database
J.S. HARVEY. E. WATERS AND J.M. PARRY
Centre for Molecular Genetics and Toxicology, School of Biological
Sciences, University of Wales Swansea, UK

The Mammalian Gene Mutation Database (MGMD) is being
constructed to provide a comprehensive collection of data on somatic
mutations found in mammalian cells that are associated with chemical
and physical mutagen exposure. The database is comprised of
published single base pairs substitutions, deletions, duplications,
insertions and more complex rearrangements in mammalian nuclear
genes. The database will be available on-line and will be accessible via
the Internet where the user will be able to search for specific
information relevant to their interests. The MGMD mutation entries
will include an unique identifier, a standard unambiguous mutation
description, amino acid changes (if applicable), mutation frequency
descriptions, the reference abstract source and access to the genes
cDNA sequence. The mutation spectra information in the database will
be used to study causal relationships that exist between the mutations
induced in specific genes by environmental mutagens and the induction
of human genetic disease. While the database is being developed for
research purposes it is hoped that when complete it will acquire a
broader utility among researchers in the field of genetic toxicology.
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Prediction of Carcinogenic Properties from Chemical
Structures: Experiments with the Machine Learning
Program SRT
C. HELMA1, E. GOTTMANNl S. KRAMER3 AND B.
PFAHRINGER3

1 Institute for Tumor Biology-Cancer Research, Vienna, Austria, 2

Institute for Environmental Hygiene, Vienna, Austria, 3 Austrian
Research Institute for Artificial Intelligence, Vienna, Austria

The prediction of carcinogenicity based on chemical structures is one
of the most challenging problems in predictive toxicology. This taskis
extremely difficult, because carcinogens act by many different
mechanisms and they do not share common structural attributes.
Information about the chemical structures can be provided as structural
fragments (e.g. functional groups, structural alerts) or as physical or
chemical properties (e.g. volume, mass, logP, HOMO, LUMO,...).
Previous approaches have focused on one of these representations only.
The purpose of this work was to evaluate the suitability of machine
learning programs for the prediction of complex toxicological effects
and to perform a systematic comparison of different sets of descriptors
within a single framework.
Structural Regression Trees (SRT), an Inductive Logic Programming
algorithm, was used to extract rules from the rodent carcinogenicity
data of the National Toxicology Program (NTP). These rules were used
to predict carcinogenic properties of compounds not contained in the
learning data set.
The best predictive accuracy for carcinogenicity was obtained with a
combination of physical/chemical properties and structural
fragments(75.2% accuracy with ten-fold cross-validation). Using
physical/chemical and fragment descriptors alone yielded considerably
lower accuracies (65.4\% and 67.3\%). The performance of the models
using both descriptor sets is distinctively better than the performance of
other carcinogenicity structure-activity relationships for noncongeneric
compounds reported in the literature (typical predictivity: 60-70%).
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Modifications of single cell gel electrophoresis (comet
assay) for characterisation of DNA-damage
E. HORVATHOVA, D. SLAMEOOVA, A. GABELOVA
Cancer Research Institute of Slovak Academy of Sciences, Department
of Mutagenesis and Carcinogenesis, Bratislava, Slovak Republic

Single cell gel electrophoresis (SCGE) or comet assay is a rapid and
sensitive fluorescent microscopic method which allows measurement of
DNA strand breaks in individual cells. The modifications of SCGE
conditions permit to detect different types of DNA damage. In order to
characterise DNA damage induced by N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG) and hydrogen peroxide (H2O2) in Chinese
hamster V79 cells two approaches were used: 1. two types of
electrophoresis solutions (pH > 13.0 and pH = 12.1) to specify type of
DNA lesions [the alkali-labile sites and frank DNA single-strand
breaks (ssb), respectively] and 2. DNA repair inhibitors [hydroxyurea
(HU) and l-(p-D-arabinofuranosyl)cytosine (araC)] or DNA
glycosylases [endonuclease III (EndoIII) and formamidopyrimide-DNA
glycosylase (FaPy-DNA glycosylase)] to characterise the types of
DNA damage. Our results showed that the lesions induced by H2O2
represent mainly the frank DNA ssb, while MNNG formed
predominantly alkali-labile sites, which were converted to DNA ssb
under strong alkaline conditions (pH > 13.0). The effects of DNA
repair enzymes and DNA repair inhibitors were found only under lower
pH (pH = 12.1) of electrophoresis solution. Both DNA repair inhibitors
and DNA glycosylases increased the level of DNA ssb. The highest
effect was found, if EndoIII was applied.
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Analysis of ENU induced bone marrow and spleen
mutations up to 100 days post-treatment in the mouse p53
gene, using the modified RSM assay: comparison of the
RSM assay to the in vivo bone marrow micronucleus
assay with regard to sensitivity
G.J.S. JENKINS. N. TAKAHASHI AND J.M. PARRY
Centre for Molecular Genetics and Toxicology, University of Wales
Swansea, Swansea, UK

ENU induced mutations were sought in the p53 gene of mice 3, 10 and
100 days post treatment. Four regions of the p53 gene were screened,
namely, exons 4 and 5 and introns 6 and 8. Mutations were detected by
restriction site mutation (RSM) analysis (Jenkins et al., (1997)
Mutagenesis 12, 117-123, Steingrimmsdortir et al .,(1996) Mutation
Research 353, 109-121, Parsons and Heflich (1997) Mutation
Research 387, 97-121) which allows detection of mutations occurring
in restriction enzyme sites. The results demonstrate that ENU induced
mutations were rare in the two exon regions at any of the three time
points, whereas intron mutations were readily detectable in both tissues
at all time points, confirming previous work on intron hypermutability
(Jenkins et al., (1997) Mutagenesis 12, 117-123, Jenkins et al.,(l998)
Mutation Research (in press)). However, more intriguingly,
spontaneous mutations, which were only detectable in intron regions
tended to accumulate in both tissues at later time points only. The
elevated level of intron mutations is believed to be due to the action of
selection on coding region mutations, but the absence of such selection
on silent intron regions. The detection of spontaneous mutations,
particularly at 100 days may reflect age related mutation accumulation,
hi order to compare the sensitivity of the RSM assay to the routinely
used micronucleus test, bone marrow genotoxicity was assessed in
parallel by both techniques. The micronucleus data showed that ENU,
at the particular dose used, was a potent clastogen (twenty fold
induction above controls). The RSM results show intron mutations
induced by ENU in the bone marrow at the same dose, but not the less
prevalent exon mutations. However, the RSM data provides
considerably more information on the specific mutations induced by
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ENU, the mutation frequency and the importance of sequence context
and allows the mutation rate differences between gene regions to be
assessed.
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The fate of chemically induced micronuclei in
proliferating v79 cells
S. KALWEIT. W. V.D. HUDE, S. CARSTENSEN, B.
FISSLER, S. MADLE
Federal Institute for Health Protection of Consumers and Veterinary
Medicine (BgVV), Berlin, Germany

The micronucleus test in vitro with V79 cells is now under validation
by a collaborative study with 11 participating laboratories of chemical
industries, universities and governmental institutions. Additional to the
main aim of the collaborative study, determination of intra- and
interlaboratory variability, we investigate in our lab the fate of
chemically induced micronuclei in proliferating cells. Based on the
standard operating procedure (SOP) for the ring trial V79 cells were
treated with clastogens and aneugens for 3 h and then incubated for
different recovery periods until harvest. The recovery periods
correspond with 1/2, 1, 2 and 4 cell cycle lengths.
V79 cells grow in form of single cell clones when they are cultivated at
very low densities directly on slides in quadriperm dishes. Therefore, it
is possible to assign daughter cells to the related mother cell. The
analysis of these cell clones allows statements about the fate of
chemically induced micronuclei after several mitotic divisions.
Our results show, that micronuclei induced by aneugens like colcemide
can be detected at very early harvesting times whereas micronuclei
induced by clastogens like MMC can be detected after one cell cycle
at the earliest. Micronuclei induced by both colcemide and MMC
persist over several mitotic divisions as can be seen by an enhanced
number of micronucleated cells at very late harvesting times.
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Recommendations for spacing of test chemical
concentrations in the mouse lymphoma tk mutation assay
(MLA)
D. KIRKLAND AND J. CLEMENTS
Covance Laboratories Ltd, Harrogate, UK

Recent test guidelines for the mouse lymphoma tk mutation assay
(MLA) have highlighted the need to achieve 80-90% reduction in cell
survival for a valid, robust assay with toxic chemicals. For many
Pharmaceuticals, under new ICH recommendations, this may be the
only in vitro mammalian cell test that is performed. It was important to
discover, therefore, how critical it is to achieve 80-90% toxicity, and
how best to select the number and spacing of test concentrations to
fulfil this requirement. We analysed data from 121 positive chemicals,
provided from 9 industrial and commercial laboratories, and found that
for 17 chemicals (14%) the response profiles were so steep that using a
conventional 2-fold dilution series of test concentrations would have
failed to identify the active range (>90% toxicity at one concentration,
and no significant mutation at 50% of this dose), and positive responses
would have been missed. Analysis of genotoxicity results in other test
systems with these 17 chemicals revealed no differences in overall
response profiles from the 104 chemicals that exhibited less steep MLA
responses. The MLA results were therefore deemed to be equally
biologically relevant. From this analysis it is recommended that
concentration spacing in the MLA needs to be closer than that obtained
with a 2-fold dilution series, and a dilution factor where each
concentration is 0.75 or 0.8 of the one above is recommended to
identify the active range of positive mutagens.
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Comparison In vivo/In vitro of B(a)p micronuclei
induction on rainbow trout cells
M.T. LLORENTE; M. CARBALLO, M.J. MUNOZ, P.
SANCHEZ AND A. CASTANO
Division of Environmental Toxicology, Madrid, Spain

The in vivo micronucleus test with fishes has been used in
ecotoxicology to test both cytogenetic alterations in laboratory studies
and as biomarker in field monitoring. This test using peripheral blood
cells is a non-lethal genotoxicity field biomarker, avoiding massive fish
sacrifice; nevertheless for laboratory testing both exposure period and
large laboratory facilities are required.
In order to avoid these inconvenient, an in vitro test using fish derived
cell lines, is used in this study to show the genotoxic power of a known
environmental pollutant Benzo(a)pyrene.
We have compared the results obtained with the micronucleus test in
peripheral blood cells of rainbow trout, with an in vitro micronuclei
assay using an established cell line derived from rainbow trout (RTG-
2). In the in vitro assay we exposed RTG-2 cells at 0.05, 0.1, 0.5 and 1
mg/1 of Benzo(a)pyrene for 8, 24, 48 and 72 hr. In the in vivo assay,
rainbow trout allevins were exposed i.p. To 65ugr w/p of B(a)P, and
increase of micronuclei frequency was determined at different time
intervals for 3 moths.
For micronuclei scoring the classical microscopic method and flow
cytometry were used, in the in vivo test with blood cells. In vitro
results determined by flow cytometry were compared with in vivo data.
We noted a significant increment of the micronuclei frequency in both
systems. However, the in vitro assay takes a smaller exposure time to
reach a statistical significant increase of micronuclei, than the in vivo
assay, it may be due as a consequence of the length of time that blood
cells need to reach peripheral blood from the hematopoyetic organ.
Results obtained with the in vitro system are promising as alternative to
in vivo assays. The use of microplates for cell test and flow cytometry
for micronuclei scoring reduces time and cost of the assay in the
detection of genotoxicity in the aquatic environment.
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Detection of crosslinking agents with the comet assay in
relation to SCE induction and cytotoxicity
O. MERK AND G. SPEIT
Universitatsklinikum Ulm, Abteilung Medizinische Genetik, Uhn,
Germany

The comet assay has been shown to be a sensitive test for the detection
of a variety of DNA lesions. However, crosslinks are not readily
detected under standard test conditions. Recently, modifications have
been introduced measuring crosslinks by determining the reduction of
y-ray- or methyl methanesulfonat-induced DNA-migration. We used
the comet assay to comparatively investigate in V79 cells the effects of
three different crosslinkers: formaldehyde (FA), which induces
predominantly DNA-protein crosslinks, cisplatin (cis-Pt), which mainly
produces 1,2-intrastrand crosslinks and mitomycin C (MMC), a DNA-
DNA interstrand crosslinking agent. In the standard comet assay only
MMC induced a slight increase in DNA-migration at high, completely
cytotoxic concentrations. All three crosslinkers led to a clear reduction
of y-ray-induced DNA-migration. This reduction was seen for FA
parallel to the induction of SCE and cytotoxicity, while for cis-Pt and
MMC induction of SCE and cytotoxicity occurred at much lower
concentrations than the effects in the comet assay. Our results indicate
that the comet assay can be used as a sensitive test for detecting DPC.
In contrast, even the modified protocol seems to be rather insensitive
for the detection of DNA-DNA crosslinks.
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The SOS-LUX-TEST as biosensor for genotoxic agents
P. RETTBERG1, K. BANDEL1, G. HORNECK1, L.
PTITSYN2

[DLR, Institute of Aerospace Medicine, Koln, Germany; 2State
Scientific Center of the Russian Federation, GNII: Genetica, Moscow,
Russia

The bacterial detection system SOS-LUX-TEST has been developed
for rapid detection of environmental genotoxins. The /MX-operon of
marine photobacteria containing the whole information for the synthesis
of the bacterial luciferase and its substrate was cloned downstream of a
SOS-controlled promoter and introduced on a plasmid into E. coli. This
cellular bioassay system reacts in a dose-dependent manner with
bioluminescence to any agent like radiation or chemicals which
produces damages to the DNA inside these cells. This test was used in
and adapted to commercially available microplate luminometers for the
discontinuous measurement of the genotoxic potential of liquids,
dissolved chemicals or mixtures of chemicals. Model compounds for
different types of genotoxic chemicals were used to optimise the
procedure for microplate assays.
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Genotoxic effects of heterocyclic aromatic amines in
human derived hepatoma (Hep G2) cells
C.E. SCHWAB1. S. KNASMULLER1'4, S.J. LAND2, C.Y.
WANG2, R. SANYAL1, M. KUNDI3, W. PARZEFALL1, F.
DARROUDI4

'institute of Tumor Biology and Cancer Research, University of
Vienna, Vienna, Austria; 2Molecular and Chemical Carcinogenesis
Program, Karmanos Cancer Institute, Detroit, MI, USA, 3Institute for
Enviromental Hygiene, University of Vienna, Vienna, Austria and
4MGC Department of Radiation Genetics and Chemical Mutagenesis,
Sylvius Laboratories, State University of Leiden, The Netherlands

In order to elucidate the mutagenic effects of heterocyclic aromatic
amines (HAAs) in metabolically competent human derived cells, five
HAAs IQ, MelQ, MelQx, PhlP and Trp-P-1 were tested in MN assays
with a metabolically competent human derived hepatoma (Hep G2) cell
line. All of the HAAs caused significant, dose dependent effects. The
activities of the individual compounds were compared on the basis of
the concentrations required to cause a two-fold increase over the
background frequencies, (Dc values) and were similar (between 32 and
82 mM) for IQ, MelQ, MelQ and PhlP, whereas Trp-P-1 caused a
more pronounced effect (16 mM). The ranking order of mutagenic
potencies was in the Hep G2/MN assays: Trp-P-1 » MelQx > PhlP >
MelQ > IQ. Furthermore, the HAAs were tested in gene mutation
(HPRT) and MN-assays with Chinese hamster ovary (CHO) cells and
in Salmonella strain YG1024 using Hep G2 homogenate as an
activation mix. In the CHO experiments, positive results were obtained
with Trp-P-1 and PhlP whereas the other compounds were devoid of
activity under all conditions of test. The discrepancies in the
responsivity of the two cell lines is probably due to differences in their
acteylation capacities: Enzyme measurements with 2-aminofluorene as
a substrate revealed that the cytosolic N-acteyltransferase activity in
the Hep G2 cells is approximately 40-fold higher as that of the CHO
cells. All five HAAs caused positive results in the bacterial assays, but
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the ranking order was completely different from that seen in the Hep
G2/MN-experiments (IQ > MelQ > Trp-P-1 > MelQx » PhIP) and
the mutagenic potencies of the various compounds varied over several
orders of magnitude (Dc values between 103 and 10-3). The order seen
in bacterial test with rat liver S9 mix was more or less identical to that
seen in the tests with Hep G2 enzyme homogenate but the
concentrations of the amines required to cause positive results were
substantially lower (10-4 - 101 \iM). Comparison of the data obtained
in the Hep G2/MN-assays with those from other mutagenicity assays
and from carcinogenicity studies with laboratory rodents indicate, that
assays with the metabolically competent human derived cells reflect the
mutagenic/carcinogenic effects of the HAAs in vivo better as
conventional genotoxicity tests.

317



P169

The activity of cytochrome P-450 and structural state of
human lymphocyte membranes as test system for
assessment of environmental mutagens
T. P. SHKURAT, N. P. MILUTTNA, A. A. ANANYAN, T.
A. ZAITSEVA AND E. P. GUSKOV
Department of Genetics, State University, Rostov-onDon, Russia

The effect of hyperbaric hypoxia (0.029 Mpa-lh) on the activities of
cytochrome P-450 and antioxidant enzymes, the intensity of lipid
peroxidation (LPO), structural properties of rat lymphocyte membranes
and level of chromosome aberration (CA) of bone marrow cells were
investigated. In lymphocytes the cytochrome P-450 activity was
inhibited by 68%, the glutathione-S-transferase (GST) was increased
by 46%. Hypoxia led to change of antioxidant enzyme activity. The
activities of SOD, glutathione-reductase (GR) were increased by 73-
77%, and catalase activity was decreased by 44%. At the same time it
was observed an increase of lymphocyte membrane lipid bilayer
miroviscosity. The significant inhibition of benzepyrene hydroxylase
activity, acute increase of GR and normalisation of SOD, catalase and
GST activities were observed during posthypoxical period (after 24h).
Simultaneously the normalisation of structural state of lymphocyte
membrane, moderate increase of LPO and level of CA increase (3.45%
PO.001) were shown.
The activity of mutagenes. Cytochrome P-450 and catalase and
structural state of lymphocyte membrane were investigated in patients
with moderate and severe bronchial asthma. It was demonstrated that
benzepyrenehydrolase activity was higher by 53% and 97%,
respectively, in lymphocytes of patients in comparison with group of
healthy donors. The increase of microviscosity in lipid bilayer and
lipid-protein contact zones and the alteration of protein immersion into
lipid bilayer were shown in lymphocyte membranes. The obtained date
correlated to the manifestation of CA. Changes.
We suggest that the cytochrome P-450 activity, intensity of free radical
processes and membrane structural properties in lymphocytes of
peripheral blood are the test-system for the assessment of
environmental mutagens.
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Does the comet assay detect clastogenic lesions in plants?
M. STANKOVA1. M. MENKE2, I. SCHUBERT2 AND K.J.
ANGELIS1

'institute of Experimental Botany, Praha 6, Czech Republik; 2Institute
of Plant Genetics & Crop Plant Research (IPK), Gatersleben, Germany

N'-methyl-N'-nitrosourea (MNU) was studied as to its potential to
induce comets in Vicia faba root tips nuclei in comparison with the
amount of O6-methylguanine (O6-MeG), chromatide aberrations (CA)
and sister chromatid exchanges (SCEs). Using the neutral comet assay
(high salt lysis of nuclei, alkaline DNA unwinding and electrophoresis
in TBE, pH 8) a dose dependent DNA damage was found after MNU
treatment.
Less aberrations (i.e. clastogenic adaptation) are observed when a low
dose pre-treatment (conditioning) with alkylating agents is followed
after 1 to 2 hours of intertreatment time by a high (challenge) dose as
compared to application of only the high dose. Under conditions of
clastogenic adaptation this assay revealed reduced DNA damage in
comet-tails immediately after exposure (correlating with reduced CAs
and O6-MeG). With and without conditioning pre-treatment comet-
tails, like most O6-MeG adducts, disappeared during 24 h.
Contrary to this, most DNA in tail persisted for 30 hours when alkaline
electrophoresis was applied. The alkaline electrophoresis might detect
lesions possibly resulting in SCEs, for which no adaptive treatment
conditions were found previously.

Work supported by DFG (436 TSE 113/23/0) and Grant Agency of the
Czech Republic (521/96/0396, 204/97/0154, 203/98/0682)
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Ability of the comet assay and the Muta™Mouse
transgenic model to detect the genotoxic effects induced
in stomach by direct alkylating agents
V. THYBAUD, D. BRAULT, D. RENAULT AND F.
TOMBOLAN
Rhone-Poulenc Rorer, Centre de Recherche de Vitry-Alfortville, Vitry
sur Seine, France

The induction of comets in stomach mucosa cells was analysed 1, 2, 4,
24 and 72 hours after a single oral administration of two direct
alkylating agents, p-propiolactone (BPL) and N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG), at low doses (25 and 20 mg/kg,
respectively) or high doses (150 and 100 mg/kg, respectively). At the
high doses, DNA was so dramatically damaged that comet analysis was
impossible. At the low doses, DNA strand-breaks were highly
increased one and two hours after treatment, decreased at 4 hours and
undetectable at 72 hours. The lacZ mutant frequency (MF) in
Muta™Mouse was strongly increased 3, 7, 14, 28 and 50 days after a
single oral administration of high doses of BPL or MNNG. The highest
effect was observed 14 and 28 days after BPL and MNNG
administration, respectively. At low doses, slight but significant
increases in MF were detected. Primary damage detected shortly after
treatment apppear to be rapidly converted into stable gene mutations.
The comet assay appeared to be more sensitive than the Muta™Mouse
model. The two models were able to detect genotoxic effects at the site
of administration, in conditions where bone marrow and liver are not
appropriate.
Study financially suppported by EU Environment Programme.
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Development and application single cell gel
electrophoresis assay (Comet-assay) with metabolically
competent human derived hepatoma cells (Hep G2)
M. UHL. C. HELMA, S. KNASM0LLER
Institute for Tumor Biology and Cancer Research, Vienna, Austria

Recent investigations have shown that human derived hepatoma cells
(Hep G2) reflect the metabolism of xenobiotics in man better than in
vitro assays with metabolically incompetent indicator cells that require
addition of subcellular enzyme fractions. Aim of the present study was
the development and application of a protocol for Single Cell Gel
Electrophoresis (SCGE) tests with the Hep G2 cell line. In the first part
of the study the impact of various parameters (DMSO-concentrations,
trypsin concentrations, exposure time of the cells to the test
compounds) on the outcome of SCGE-tests was investigated. We
found that DMSO-concentrations affect the viability at concentrations
> 15% when the cells are exposed for 4 hours; 24 hours exposure time
leads to cytotoxic effects at concentrations > 2,5%). Subtoxic DMSO-
concentrations did not affect the formation of comets. On the contrary,
treatment of the cells with trypsin concentrations > 1,8% for five
minutes caused pronounced effects in the SCGE-Tests, whereas no
genotoxic effects were seen with concentrations between 0,1% -0,9%.
These concentrations are sufficient to enable removal of the cells from
the plates. The optimal exposure-periods were investigated with four
model compounds namely IQ, B(a)P, NDMA, NMU. With all
mutagens, maximal induction of comets was seen after exposure times
between 20-24 hours. In the last part of the study, the effects of
representatives of various classes of genotoxic carcinogens were
investigated namely aflatoxin Bl (mycotoxin), benzo(a)pyren
(polycyclic aromatic amine), cyclophosphamide (cytostatic), 2-amino-
3-methyl-3H-imidazo[4,5-f] quinoline (heterocyclic aromatic amine) N-
nitrosodimethylamine (nitrosamine), N-nitroso dimethylurea
(nitrosourea), isatidin (pyrolizidin alkaloid). Furthermore, the
compounds safrol and hexamethylphosphoramide were tested. They
give negative results in conventional in vitro assays but are genotoxic
and carcinogenic in laboratory animals. The experimental conditions
were in all experiments chosen in such a way that the viability of the
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cells was not substantially affected (<20%). With all test compounds
clear cut, significant dose-dependent induction of comets was
measured. The most pronounced effects were measured with NMU and
AfBi. The latter compound induced a significant effect already at a
concentration of 0,008 uM. The lowest dose- levels which caused
positive results were 25uM for B(a)P, 0,9 uM for CP, 300 uM for IQ,
3 uM for isatidin, 7,5 nM for HEMPA, 9. 104 uM for NDMA, 0,1 mM
for NMU and 4,5 uM for safrol. The reproducibility of the test system
was ascertained in repetitive experiments with IQ and B(a)P. The
fluctuations seen in three independent experimental series were < 5
%.We conclude that the SCGE-assay with Hep G2 cells is a sensitive,
fast and reliable test-procedure which enables the detection of
genotoxic effects of a variety of environmentally relevant carcinogens.
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Statistical aspects in "Painting"-detected chromosomal
aberrations induced by X-rays
I. VERDORFER2. S. NEUBAUER1, S. BIRKENHAKE1, R.
SAUER1, P. MARTUS2, E. GEBHART2

'Klinik und Poliklinik f. Strahlentherapie Erlangen; 2Institut für
Medizinische Statistik und Dokumentation der Universität Erlangen-
Nümberg; 3Institut für Humangenetik der Universität Erlangen-
Nürnberg

Chromosome painting has greatly extended the possibilities of
cytogenetic population monitoring for environmental mutagenic
influences. A three colour chromosome in situ (CISS) hybridisation
technique was used for the examination of the interchromosomal
distribution of breakpoints on three painted chromosomes (including
chromosome #1, #2 and #4) on 88 peripheral blood samples of cancer
patients before and after radiation therapy. Beside spontaneous and
therapy induced aberration patterns also those induced by in vitro
irradiation were analysed. 25 healthy control individuals served as
basis of comparison. The numbers of breakpoints observed in each of
the studied groups of individuals were compared by Chi-square test
with the expected numbers estimated on the basis of relative
chromosome length of the examined chromosomes. Chromosome 4 is
apparently involved in radiation induced aberrations in significantly
higher frequency than expected from this relative length (31.1 -32.8% as
compared to the expected 28.2%). In contrast chromosome 1 was
slightly and chromosome 2 more distinctly underrepresented in this
regard. This pattern of distribution proved to be not dependent on the
various groups of exposure nor on the dose of in vitro X-radiation. As a
result the selection of chromosomes may influence the quantitative
outcome of rearrangement analysis using chromosome painting.
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Mutagenic profile induced by 5-AzacytidinE and two
topoisomerase II inhibitors: Analysis by Loss of
heterozygozity and chromosome painting
G. BOOS1. W.J. CASPARY2,1. ECKERT1, S. O. MULLER1

AND H. STOPPER1

'Department of Toxicology, University of Wiirzburg, Wurzburg,
Germany; 2NIEHS/NIH, Research Triangle Park, USA

The topoisomerase-II-inhibitors etoposide and amsacrine and the DNA
methylation inhibitor 5-azacytidine were used as model compounds for
the analysis of mutants in mouse L5178Y cells applying a new
combination of two methods. We analysed loss of heterozygozity
(LOH) and combined the results with those from chromosome specific
in situ hybridisation. Different types of mutational lesions such as gene
mutation, mitotic recombination, deletion, and chromosome loss can be
distinguished. All three compounds induced a 10-fold increase in
mutant frequency. Only 3% of the etoposide-induced and 18% of the
amsacrine-induced mutants were due to gene mutations. 97% of the
etoposide-induced mutants showed LOH, and about half of those
showed LOH along the whole chromosome. From the amsacrine-
induced mutants 82% showed LOH, about one third of which extended
along the whole chromosome. From the 5-azacytidine-induced mutants
about 30% were due to gene mutations. 70 % showed LOH, and none
of those showed LOH along the whole chromosome. In situ
hybridisation revealed for the topoisomerase-II-inhibitors that more
than 70% of the mutants with LOH were due to mitotic recombination
and the rest to chromosome loss with duplication of the other allele.
Overall, these data show that LOH and mitotic recombination are
relevant mechanisms in chemically-induced mutagenesis.
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Analysis of chromosome aberrations in cultured human
lymphocytes treated with permethrin
P. DJELIC1. N. DJELIC2 AND B. SOLDATOVIC2

'Department of Anatomy, Faculty of Veterinary Medicine, University
of Belgrade, Bui. JNA 18, 11000 Belgrade, Serbia; department of
Biology, Faculty of Veterinary Medicine, University of Belgrade, Bui.
JNA 18, 11000 Belgrade, Serbia, Yugoslavia

Recent advances in pyrethroid chemistry have resulted in a tremendous
extension of the number of commercially available pyrethroids, with
application in a much wider range of insecticidal products. Permethrin
(CAS number 52645-53-1), as highly potent neurotoxic insecticide with
extremely low toxiciry of the 25:75 cis:trans isomer to humans and
animals, has proved to be suitable for use in public health and industrial
pest control, as well as in agriculture and veterinary medicine.
Although it has been demonstrated that permethrin is of low
mammalian toxicity, the aim of this experiment was to evaluate
possible cytogenetic effects in human peripheral blood lymphocytes.
Genotoxic effects were monitored by observation of numerical and
structural aberrations.
Lymphocyte cultures were treated with four experimental
concentrations (1.2 mg/ml, 3 mg/ml, 6 mg/ml and 12 mg/ml) of
permethrin dissolved in acetone. Both negative (acetone) and positive
(10"6 M MNNG, N-methyl-N-nitro-N-nitrosoguanidine) controls were
used.
The frequency of cells containing gaps and breaks was significantly
increased only after the treatment with MNNG, whereas other types of
chromosome aberrations were not observed. Experimental
concentrations of permethrin do not change significantly the percentage
of cells with chromosome aberrations.
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Analysis of sister-chromatid exchanges in cultured
human lymphocytes treated with permethrin
NINOSLAV DJELIC
Department of Biology, Faculty of Veterinary Medicine, University of
Belgrade, Bui. JNA 18,11000 Belgrade, Serbia, Yugoslavia

Permethrin (CAS number 52645-53-1) is a broad spectrum neurotoxic
insecticide, effective at low doses against a wide variety of plant and
animal ectoparasites. The objective of this study was to determine
possible changes in SCE per cell frequency in human peripheral blood
lymphocytes exposed to permethrin (cis:trans isomer ratio 25:75) under
in vitro conditions.
Four experimental concentrations (1.2 mg/ml, 3 mg/ml, 6 mg/ml and 12
mg/ml) of permethrin dissolved in acetone were used in this
experiment. The solvent (acetone) was employed as a negative control;
whereas 10"6 M MNNG (N-methyl-N'-nitro-N-nitrosoguanidine)
dissolved in acetone was the positive control. Differential staining of
sister chromatids was performed according to a slight modification of
Perry and Wolff method (1974). The mitotic index was determined for
each experimental point in order to evaluate possible cytotoxic or
cytostatic effects.
The positive control (MNNG) gave rise to a significant increase in SCE
per cell frequency, and caused suppression of mitotic activity. On the
other hand, experimental concentrations of permethrin do not change
SCE frequency significantly, although the mitotic index values are
decreased in comparison to the negative control.
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MALE-MEDIATED Fx EFFECTS IN MICE EXPOSED
TO COMBINATION OF X-RAYS AND VINCRISTINE
M.M. DOBRZYNSKA1. M.G. SLOWIKOWSKA2 AND M.
LENARCZYK1

'Department of Radiation Protection and Radiobiology, department of
Serum and Vaccine Control, National Institute of Hygiene, Warsaw,
Poland.

Exposure of males to certain agents can adversely affect their offspring.
X-rays and vincristine (VCR) are well known mutagens and are applied
together in the therapy of human malignancies, and revealed an
increase in efficacy after combined application compared with the
individual administration. In the present study the effect on the
offspring of combined exposure of male mice to X-rays and vincristine
( 0.25 Gy+1 mg/kg bw VCR and 1.00 Gy+2 mg/kg bw VCR) or to
vincristine alone (1 mg/kg bw and 2 mg/kg bw) have been investigated.
Higher doses of VCR and X-rays+VCR decreased percent of pregnant
females and caused infertility 25 to 50 % of males. After exposure of
spermatogonia to 1 mg/kg VCR, spermatozoa to 2 mg/kg VCR,
spermatogonia and late spermatocytes to combination of lower doses
and spermatogonia, early spermatids and spermatozoa to 1.00
Gy+2mg/kg VCR the incidences of dead fetuses were increased.
Dominant lethal mutations (DLM) were induced after exposure of
different stages of spermatogenesis to lower as well as higher doses of
VCR and X-rays+VCR. Combined treatment enhanced mutagenic
effect in some cases. Sometimes effects caused by VCR were stronger.
Some of the live fetuses had abnormalities but the frequency was
statistically significant only after exposure of spermatogonia to 2 mg/kg
bw VCR. These effects demonstrate the reproductive genotoxicity of
VCR as well as X-rays +VCR but do not confirm theirs ability to cause
abnormalities in the offspring via the sperm.
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Effect of chop cytostatic protocol on onco- and
suppressor gene expression in CBA/CA mice
ISTVAN EMBER1 , ISTVAN KISS1, TIBOR RAPOSA2 ,
GHODRATOLLAH NOWRASTEH1 AND ANDRAS
MATOLCSY3

'Department of Preventive Medicine, University Medical School of
Pecs, Pecs, Hungary; 2Szent Istvan Hospital, Budapest,Hungary;
department of Pathology, Univesity Medical School of Pecs, Pecs,
Hungary

Cytostatic drugs and therapeutic protocols are proved human
carcinogens, causing secondary solid tumours and
leukemias/lymphomas. In our earlier "short-term" experiments we
found that the CHOP cytostatic protocol has an early effect on
elevation of certain oncogene expressions.
In the present experiment we studied the expression of the same
onco/suppressor genes in a long term follow-up study. CBA/Ca mice
were treated ip. with a single, human equivalent dose of CHOP, killed
and autopsied 30 minutes, 1, 3, 6, 12, 24 hrs 2, 6, 30 days, and 6, 12,
months after the treatment. Thymus, spleen, liver, bone marrow (femur)
and kidneys were removed, RNA was isolated, slot blotted onto
Hybond N+ membranes, and hybridised with chemiluminescently
labelled probes of H-ras, c-myc and p53 genes.
Significantly elevated expression of all the investigated genes was
found in the spleen and thymus. The peak of expressions generally
failed within the first 6 days, except for the p53 gene in the tymus at
females. The elevation started at 30 minutes, and in most cases lasted
at least to 1 months after the treatment.
In our study we were able to prove that elevated onco/suppressor gene
expressions can be detected even 6 months after the single CHOP
treatment. This might be useful in continuous monitoring of the effect
of genotoxic carcinogen compounds.
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Immunohistochemical expression of pl6 INK4, pRb, p53,
p21 and of cyclin Dl proteins in follicular thyroid tumors
T. FERENC1, A. LEWINSKI2, H. NIEWIADOMSKA3, J.
SYGUT4, S. SPORNY5, E. SAZACIZSKA-ZOZ6, B.
JARZUB7, D. LANGE7 AND A KULIG4

department of Biology and Medical Genetics, Military Medical
Academy, Lodz; department of Thyroidology, Institute of
Endocrinology, Medical University of Lodz; department of Oncology,
Medical University of Lodz; 4Chair of Pathomorphology, Military
Medical Academy, Lodz; department of Pathomorphology, Medical
University of Lodz; laboratory of Pathomorfology, Institute of
Pediatrics, Medical University of Lodz; 7Institute of Oncology,
Gliwice, Poland

Product of the INK4a/CDKN2 gene (pi6 protein), retinoblastoma
protein (pRb), p53 protein, p21WAFl protein and cyclin Dl protein,
are important in regulating the Gl-S checkpoint in the cell cycle and
their functional alternations play an essential role in the process of
carcinogenesis.
The aim of the study was to examine 56 cases of microfollicular thyroid
neoplasms (30 adenomas and 26 carcinomas) with the application of
immunohistochemical methods.
Tissue samples were fixed in 10% buffered formaline and, then, they
were embedded in paraffin. We used anti-cyclin Dl, p53, p21WAF,
Rb-1 mouse monoclonal antibodies (Novocastra) and the mouse anti-
human pl6 antibody (PharMingen) for immunohistochemical reactions,
as well as ABC detection system (Novocastra). The expression of
nuclear antigens was estimated by means of the half-quantitative
method, with use of Hogg's grating. The index of immunopositive cells
was calculated [the number of positive cells per 1000 thyroid cells,
counted in 10 microscopic fields (magnification 400x)].
Expression of Rb-1 and cyclin Dl was found in all microfollicular
adenomas and carcinomas but the index was higher in the carcinomas
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(54.9% vs. 74.5%; 27.9% vs. 34.7%, respectively). The expression of
p53 protein was found in 56.7% of adenomas and 76.9% of
carcinomas; the index was higher for the carcinomas (10.9% vs.
19.1%). In turn, the expression of p21WAFl was found in 80% of
adenomas and 96.1% of carcinomas and the index was higher for the
carcinomas (10.1% vs. 19.6%) On the other hand, the expression of
pl6 was found in 96.7% of adenomas and in all the cases (100%) of
microfollicular carcinomas; the index in carcinomas was almost three
times higher than that in adenomas (70.5% vs. 25.7%).
These results suggest that an increased pl6 protein expression may
play role in the development and progression of follicular thyroid
rumors.
This work was supported by the National Committee for Scientific
Research, Project No. 4 P05B 037 10.
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Cytogenetical effects of low dose radiation
S.A. GERASKIN
Russian Institute of Agricultural Radiology and Agroecology, Obninsk,
Russia

Analysis of biological effects induced by low dose ionising radiation
allows to underline some features which are in our opinion the most
general in cellular response to low-dose ionising radiation and to some
other factors of physical, chemical and biological nature: the
cytogenetic effects observed within the range of low doses are caused
by peculiar features of realisation of cellular response to weak exposure
rather than by damaging effect of ionising radiation or other factors of
physical or chemical nature; in the range of low doses the regularities in
the yield of cytogenetic disturbances show a pronounced non-linearity
and are universal in character; low-dose irradiation and weak influence
of some other factors can cause inheritable destabilisation of genetic
structures appearing in particular in the increased yield of cytogenetic
disturbances, cariotypical variability and cancer risk in offspring's of
irradiated organisms. A non-specific character of the regularities
analysed and a wide spectrum of objects for which these are observed
provide evidence that here we deal with a general biological
phenomenon. From this point, "anomalous" elevated genetic efficiency
of low-level radiation has a simple and natural explanation. This is one
of the manifestations of adaptation processes which take place at
various stages of biological organisation as a response to stress. Just as
the phenomenon of DNA molecule repair discovered by radiobiologists
has gone far beyond the scope of this science and is undoubtedly of a
general biological importance, the established in radiobiological studies
regularities of biological effect of low-dose ionising radiation are not
artefact or some exotic "anomalous" reaction but one of natural
manifestation of fundamental mechanisms to ensure resistance of living
systems and possibility of their adaptation to varying conditions of the
environment.
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MODEL TO EVALUATE THE BIOLOGICAL EFFECT
OF THE MITOMYCIN-C: STUDY OF THE
BIODISTRIBUTION OF RADIOPHARMACEUTICAL
IN MICE
ML. GOMES1'2'3, A.C.S BRAGA1'2, D.M.M. BRITTO1'2,
R.S. FREITAS1'3 AND M. BERNARDO-FILHO1'2

lUniversidade do Estado do Rio de Janeiro, Institute de Biologia
Roberto Alcantara Gomes, Departamento de Biofisica e Biometria;
2INCa, Centra de Pesquisa Basica; 3Hospital Clementino Fraga Filho,
Radiologia, Rio de Janeiro, Brazil

Mitomycin-C is an antineoplasic agent obtained from Streptomyces
caesposus. It is used in the treatment of adenocarcinoma of stomach or
pancreas. This drug is inactivated in the microjfeomal fraction of liver
and also in kidneys, spleen, brain and heart.
We are trying to develop a model to evaluate the biological effect of
carcinogenic/no carcinogenic compounds. Here, we studied if
mitomycin-C modifies the biodistribution of the Na99mTcO4
(radiopharmaceutical employed to cerebral and thyroid scintigraphies).
Mitomycin-C was administered in mice (three doses). After the last
dose, Na99mTcO4 was injected and the animals were sacrificed. The
organs were isolated, their mass determined and counted in a well
counter. The percentage of radioactivity per gram of organ (%ATI) was
calculated and statistical analysis performed.
The results showed that the drug increased the %ATI in pancreas (from
2.7 to 7.1), uterus (from 3.7 to 5.5), stomach (from 46.3 to 96.4),
kidneys (from 3.7 to 6.8), thymus (from 2.5 to 5.4), lungs (from 7.8 to
10.6), thyroid (from 27.2 to 79.3), bone (from 2.1 to 10.0) and brain
(from 0.3 to 0.5) and decreased in ovary (from 5.1 to 3.3).
The alterations of %ATI in the organs could be justified by the
metabolic process or the therapeutic action of mitomycm-C.
Research supported by CNPq, INCA, UERJ.
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CYTOGENETIC EFFECTS STUDY OF IN VITRO
IRRADIATION IN PERIPHERAL BLOOD
LYMPHOCYTES OF PERSONS WORKING WITH
IONIZING RADIATION
HADJIDEKOVA V., P. BENOVA. M. BULANOVA, I.
GEORGIEVA, R. HRISTOVA AND T. NIKOLOVA
National Center of Radiobiology and Radiation Protection, Sofia,
Bulgaria

The genome radiosensitivity of persons working in NPP "Kozlodui" as
well as of controls is studied. An indicator of genome radiosensitivity is
the chromosomal damage induced by in vitro irradiation. A cytogenetic
analysis of peripheral blood lymphocytes before and after in vitro
irradiation with a dose of 1,5 Gy gamma rays is carried out. The
frequency of chromosomal aberrations and micronuclei before and after
the irradiation is scored. In certain cases the technique of fluorescent in
situ hybridization for recording stable chromosome rearrangements is
applied. The data obtained show a decreased chromosome
radiosensitivity in occupationally engaged persons matched by the
control group. It is assumed that occupational exposure by low doses in
a long period of time, could induce the so called "adaptive response"
which makes cells more resistant to a following in vitro irradiation with
a higher dose.
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Comet image analysis for the poor: A macro for the
public domain program NIH-Image
C. HELMA AND M. UHL
Institute for Tumorbiology-Cancer Research, University of Vienna,
Austria

The single cell gel electrophoresis (SCGE) or Comet assay has gained
widespread acceptance for genotoxicity testing during the last years.
Compared to other genotoxicity tests the Comet assay is a cheap and
simple method, but it is advisable to use a computer-assisted image
analysis system to measure the SCGE parameters. Automated image
analysis allows the screening of large numbers of cells and the
measurement of complex parameters (e.g. tail moment). Several
commercially available programs were developed especially for this
purpose. They are, however, one of the most expensive units in the
setup of the Comet assay. We decided therefore to develop an image
analysis system based on public domain programs and make it publicly
available for the scientific community. Our system is based on the
public domain image processing program NIH-Image, developed at the
Research Services Branch (RSB) of the National Institute of Mental
Health (NIMH), part of the National Institutes of Health (NIH) and is
widely used in research areas ranging from astronomy to medical
sciences. Images were acquired from a fluorescence microscope with a
CCD video camera connected to the standard video input of an Apple
Power Macintosh. The program was written in the Pascal-like macro
language of NTH-Image. User interaction was kept as simple as
possible, to enable the analysis of a large number of cells with very few
keystrokes. Advantages over commercial products for SCGE assays
are: (i) The source code of the program and the macro are available. It
is therefore possible to understand, adopt and control the performance
of the program, (ii) User interaction is kept to an absolute minimum,
and all tasks are performed on a single monitor. Therefore the time for
image analysis is reduced even on slower computers, (iii) The hardware
and NIH-Image can be used for other purposes, like counting of Ames
plates or measurements of electrophoretic gels, (iv) NIH-Image and the
Comet macro are in the public domain and therefore free of charge.The
Comet macro can be obtained from:
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http://helma.cancer.univie.ac.at/comet/, the NIH-Image homepage is
http://rsb.info.nih.gov/NIH-Image/.
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Synergistic combination effects of Methylmethan
sulfonate (MMS)
and 4-Nitroquinoline-l-oxid (4-NQO)
M. HOMME, U. JUHL-STRAUSS AND I. WITTE
Carl von Ossietzky Universitat Oldenburg, ICBM and FB 7 Oldenburg

Combination effects of chemicals are described as synergistic when the
response is greater than expected from the effects of the single
substances. These effects are the result of dissimilar chemicals acting at
different biological targets whereby one chemical alters the biological
response of the other. The response is called additive when both
substances have the same target. In this study, it was tested if the
methylating agent MMS and the UV-mimeticum 4-NQO, which causes
DNA conformational changes, induce synergistic combination effects.
Human flbroblasts were incubated with a mixture of both genotoxic
compounds. Genotoxic damage was assessed with the Comet assay
(single cell gel electrophoresis) and with unscheduled DNA synthesis
(UDS). At concentration levels where individual compounds did not
show any toxic effects, the combination induced DNA damage and
repair. In both assays synergistic effects were observed. This study
shows, that MMS and 4-NQO may provoke synergistic effects. This
means, that for MMS/4-NQ0 the DNA molecule cannot be seen as a
target in its entirety but individual parts of it must be handled as single
targets.
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Mutagenic effects in context of adaptive alterations
occurring in an
organism: Results of in vivo experiments and its
numerical modeling
F. INGEL
A.N.Sysin Research Institute of Human Ecology and Environmental
Hygiene, Moscow, Russia

For clear understanding of mutagenic effects dynamics' alteration,
possibility of its interpretation and prognosis is demanded to take into
account that the mutagenic answer in total is the result of complex
interaction between different systems including metabolic activation,
antioxydative protection, reparative activity, immune and others.
Activity of all these systems and level of their cooperation define total
adaptive potential of an organism. In accordance with Selye position
any influence induces waves of adaptive alteration. So, under repeated
action, every next one operates on the background of the specific
adaptive state which is determined by the previous exposures results.
This idea was used as the background of mutagenic effects prognosis.
Mutagenic effects of cyclophosphamide, immobilisation and their
combined action (acute and chronical) were detected in peripheral
blood lymphocytes (level of UV-induced UDS), thymus and bone
marrow (chromosome aberrations frequency and prolypherative index).
It was established wave character of all alterations which has high
correlation with Selye' parameters of general adaptive syndrome.
Results of total adaptive answer numerical modelling based on
experimental Selye' parameters determination will be represented and
discussed in context of mutagenic effects' prognosis possibility.
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SOS induction in E. Coli (SOS Chromotest) and
Salmonella mutagenicity: a comparison using naturally
occurring carcinogens
S. KEVEKORDES. CM. BURGHAUS, J. SPIELBERGER,
K. KLEINSCHMIDT AND H. DUNKELBERG
Medical Institute of General Hygiene and Environmental Health,
University of Go'ttingen, Gottingen, Germany

In the present investigation, 18 naturally occurring carcinogens were
tested for genotoxicity using a modified laboratory protocol of the
Escherichia coli PQ37 genotoxicity assay (SOS chromotest) in the
presence and absence of an exogenous metabolising system from rat
liver S9-mix. The SOS chromotest described by Quillardet and
Ho&ung (Institute Pasteur, Paris) in 1985 is based on the application of
the selected Escherichia coli PQ37 strain to detect DNA damaging
effects. In E. coli PQ37 a 8-galactosidase gene (lacZ) is placed under
control of the sfiA gene operon, which belongs to the SOS repair
system. The gene product of lacZ, 6-galactosidase (13g) can be
measured by an enzyme assay and provides an indirect measure of
DNA damage. To determine bacteriotoxic effects caused by the test
chemicals, the constitutive alkaline phosphatase (ap) activity of E.coli
PQ37 is measured as an indicator of general protein synthesis.
Aristolochic acid, psoralene, monocrotaline, cycasine, retrorsine and 8-
asarone showed genotoxic effects in the SOS chromotest. Emodin, was
classified as marginal genotoxic in the SOS chromotest. Arecoline,
benzyl acetate, cumarin, isatidine, reseipine, safrole, sanguinarine,
senecionine, senkirkine, tannine and thiourea did not show genotoxic
effects in the SOS chromotest. To examine the concordance of two
microbial genotoxicity short-term assays, the SOS chromotest results
were compared with results of the Salmonella mutagenicity assay. The
concordance between SOS chromotest and Salmonella mutagenicity
test results was 73% (SOS chro-motest/TA98, 66.7%; SOS
chromotest/TAlOO, 66.7%).
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Micronucleus formation in human lymphocytes and in
the metabolically competent human hepatoma cell line
Hep-G2: a comparison using naturally occurring
carcinogens
S. KEVEKORDES. J. SPIELBERGER, CM. BURGHAUS,
M. DIEZ AND H. DUNKELBERG
Medical Institute of General Hygiene and Environmental Health,
University of Gottingen, Gottingen, Germany

In the present investigation, 18 naturally occurring carcinogens
(arecoline, aristolochic acid, 6-asarone, benzyl acetate, coumarin,
cycasine, emodine, isatidine dihydrate, monocrotaline, psoralene,
reserpine, retrorsine, safrole, sanguinarine chloride, senecionine,
senkirkine, tannine, thiourea) were tested for their genotoxicity in the
cytokinesis-block micronucleus test in vitro with human lymphocytes
and in the presence and absence of an exogenous metabolising system
from rat liver S9-mix and the metabolically competent human hepatoma
cell line Hep-G2. The micronucleus test is used to detect clastogenic
effects (chro-mosome breaking) and aneugenic effects (effects on
mitotic or meiotic spindles resulting in abnormal segregation of
chromosomes after nuclear division) of physical and chemical agents.
Hep-G2 cells are stable, and have essentially an aneuploid chromosome
number (48-54 chromosomes per cell) and a cell cycle duration of
about 20h. There are advantages in using this cell line; reproducible
material is available, and the need for repeated isolation of fresh
material or the preparation of primary cultures is eliminated. The results
in the test with human lymphocytes in the presence of an exogenous
metabolising system from rat liver S9-mix show concor-dance with the
results of the human hepatoma cell line Hep-G2. In addition to the
other Hep-G2 results in the literature, this human hepatoma cell line
seems to have a useful potential in the in vitro micronucleus test.
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DNA adducts of the epoxy metabolites of 1,3-butadiene
P. KOIVISTO1. F. PACCHIEROTTI2, I. ADLER3 AND K.
PELTONEN1

'Chemisry Laboratory, FIOH, Helsinki, Finland, 2ENEA CR Casaccia,
Rome, Italy, 3GSF-Institut fur Saugetiergenetik, Neuherberg, Germany

1,3-Butadiene (BD) is metabolised to epoxy intermediates which binds
to DNA. We have studied N7 guanine adducts of butadiene
monoepoxide (BMO), butadiene diolepoxide (BDE) and butadiene
diepoxide (DEB). In vitro exposure of DNA with the epoxides in
physiological conditions produced characteristic adducts analyzed by
32P-postlabeling/FJPLC assay. BMO produced adducts to both carbons
of the epoxide moiety i.e. C-l and C-2 products. BDE and DEB
behaved differently- they bound only to terminal carbon of the epoxide
(C-l). 2-hydroxy-3,4-epoxy-butane was observed to be a specific
marker of DEB exposure and 2,3,4-trihydroxybutane adducts were
mainly formed from BDE.
BD inhalation exposure of mice resulted DNA adducts of epoxy
intermediates. BMO and BDE adducts at guanine N7 position were
formed in a dose response, and stereospecific manner. Interestingly, in
mouse lung all four diastereomeric N7 BMO structures were detected,
but only two adducts out of four was present in testis. This lead to an
conclusion that in testis DNA repair mechanism act on a highly stereo-
and/or regiospecific manner. BDE adducts were the most abundant of
the BD metabolites in mouse lung, the only organ studied so far.
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GENOTOXICITY OF METHAPYRILENE
P. LAFOUGE, L. ALLAIS,M.P. COLAS, A. DOINEL, N.
PRIGENT, A.PRENEZ AND J.A. VERICAT
Synthelabo Recherche (Departement d'Etude sur la Securite du
Medicament, Gargenville, France

The antihistamine methapyrilene hydrochloride has been shown to be a
potent hepatocarcinogen in rats, but not in Guinea pigs, hamsters or
mice. Methapyrilene has been evaluated for genotoxicity in a wide
variety of short-term tests and has generally demonstrated no genotoxic
activity. However, in some cases, some positive results were reported.
Methapyrilene was found to be mutagenic in Salmonella typhimurium
strain TA1535 without metabolic activation and in Mouse Lymphoma
Assay with metabolic activation . Nevertheless, these results were not
reproduced by all laboratories. We present here in-house results
obtained for methapyrilene genotoxicity studies. Methapyrilene was
evaluated in the Ames test, Mouse Lymphoma Assay and the in vitro
micronucleus test in L5178Y cells. The assays were performed with
and without different metabolic activation systems ( phenobarbital / 3-
methylcholantrene induced rat S9 mix, aroclor induced rat S9 mix and
phenobarbital / beta naphtoflavone induced mouse S9 mix). In the
Ames test, methapyrilene did not show any mutagenic potential in
Salmonella typhimurium with or without metabolic activation. In the
Mouse Lymphoma Assay, methapyrilene demonstrated some genotoxic
activity only with aroclor induced rat S9 mix. No effect was observed
with phenobarbital / 3-methylcholantrene induced rat S9 mix nor with
phenobarbital / beta naphtoflavone induced mouse S9 mix. The in vitro
micronucleus test revealed genotoxic activity with and without
metabolic activation and results obtained with S9 mix were more
pronounced following metabolic activation.
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Study of the mutation frequencies produced in vivo by
ionising radiation
L. MARTIN, I. SIERRA, A. REAL, C. BAULUZ AND R.
DE VIDANIA
CEEMAT. Departamento de Impacto Ambiental de la Energia. Avda.
Complutense, Madrid, Spain

Our work has focused towards the assessment of the number of
mutations produced by ionising radiation in an in vivo system. So, we
have used a transgenic mouse (Muta Mouse) that has inserted the
genome of a lambda gtlO vector containing the E. Coli lacZ gene. LacZ
serves as a marker to quantify the mutations produced after exposure to
X rays. Mutation frequencies were determined from mice irradiated
with two different protocols: acute irradiation of X rays (1 Gy or 4 Gy)
and fractionated irradiation of X rays (0.2 Gy or 0.8 Gy for 5 days).
Bone marrow, spleen and liver DNA samples were isolated at different
times (1 day to 2 months) and the temporal evolution of the mutation
frequencies in the organs above mentioned was studied.
In general, results obtained after acute irradiation did not show
significant differences between doses or the analysed organs, with
respect to the controls. Data from fractionated irradiation did not show
any change of mutation frequencies with respect to acute irradiation
data. These unexpected data may suggest that the mutagenic process in
vivo is more complex than mutagenesis in vitro and that longer time
periods may be required to detect an increase of mutations.
Alternatively, this system might not be able to rescue all the mutations
produced by ionising radiation
With the support of the Consejo de Seguridad Nuclear.
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EVIDENCE THAT ESTROGEN IS CLASTOGENIC IN
CHINESE HAMSTER METABOLIC COMPETENT
CELL LINE. NEW IMPLICATION FOR ESTROGEN
IN CANCER?
P. MOSESSO1, S. PENNA1, S. CINELLI2, E. FONTI1, A.
FOSCI1 AND F. PALITTI1

'Universita della Tuscia, Viterbo, Italy; 2Research Toxicology Centre,
Pomezia (Roma), Italy

Although estrogen and probably "estrogen like" compounds identified
as endocrine disrupters were supposed to act mainly as grow factors in
promoting cancers, new works suggest that their metabolites may also
cause the initiating mutation. Many estrogen Researchers are not
inclined to believe that metabolites generated by estrogen are not
genotoxic simply because it comes out negative in the Ames test or in
mammalian mutation and chromosome aberration assays. It is
conventionally accepted that cell growth promoted by the hormones
links to cancer development by increasing the chances that a potentially
deleterious mutation will expand. Nevertheless, new evidences indicate
that metabolic byproducts formed by estrogen in the body can bind to
DNA and trigger damage. In the present work we clearly demonstrate
the induction of chromosome aberrations by 17-a-estradiol in a Chinese
hamster epithelial liver (CHEL) which retains metabolic competence to
activate different classes of promutagens/procarcinogens. Negative
results have been obtained both in the presence and in the absence of
rat S9 metabolism in an isogenic Chinese hamster ovary (CHO) cell
widely used in genotoxicity assays. The results obtained which to our
Knowledge have not been published previously can strongly support
suspects that hormones can be complete carcinogens by themselves.
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Influence of Verapamil upon Clastogenic Effect of
Cyclophosphamide in Somatic Cells of BALB/c and
C57BL/6 Mice
E.V. NESTEROVA. A.D. DURNEV, S.B. SEREDENIN
Laboratory of Pharmacology of Mutagenesis, Institute of
Pharmacology RAMS, Moscow, Russia

The chromosomal aberrations were analysed in bone marrow cells of
BALB/c and C57BL/6 mice to estimate the influence of verapamil
given intraperitoneally at a range between 0.1 and 10 mg/kg body
weight, and intragastrically at 2.5-10 mg/kg on clastogenic effect of
cyclophosphamide at 10 mg/kg intraperitoneally, both drugs being
administered as single and repeated dosages (5-fold at 24 h interval).
Verapamil when given repeatedly at all doses tested was found to
heighten significantly the mutagenic activity of cyclophosphamide in
C57BL/6 mice, whereas in BALB/c mice this effect was observable at
doses of 2.5 and 10 mg/kg. Single administration of verapamil (0.1-0.4
mg/kg, intraperitoneally) produced statistically significant rise in
clastogenic activity of cyclophosphamide in animals of both strains.
This calcium antagonist exerted the same effect when given at a dose of
2.5 mg/kg intraperitoneally and 5 mg/kg intragastrically in BALB/c,
and at 2.5 mg/kg intragastrically in C57BL/6 mice. Thus, it can be
concluded that the effects of verapamil on the clastogenic activity of
cyclophosphamide are depending upon the dose, route and regimen of
calcium antagonist administration.
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Studies on the DNA damage induction and their
subsequent repair in human lymphocytes exposed to
various LET radiation
W. NIEDZWIEDZ AND A. CEBULSKA-WASILEWSKA
Radiation and Environmental Biology Department, Institute of Nuclear
Physics, Radzikowskiego 152, 31- 342 Krakow, Poland

The main goal of this study was to evaluate the DNA damage in human
lymphocytes exposed to different type of radiation. The kinetics of the
DNA damage repair in irradiated cells was also estimated. Freshly
isolated lymphocytes (suspended in RPMI 1640 with a supplement of
15% calf serum) were exposed to various doses of: high LET neutrons
(from 252 Cf source), low LET X and y-rays (gamma rays from 60Co
source). Following irradiation the cells underwent the SCGE
procedure. For lymphocytes irradiated with neutrons we observed the
linear increase of DNA damage with dose. For X and y-rays irradiated
cells the linear-quadratic dose dependence was observed. In order to
estimate the repair efficiency, cells irradiated with a certain dose were
incubated at 37°C, and the DNA rejoining was investigated through an
estimate of the residual damage after various times of post-irradiation
incubation (5, 10, 15, 30 and 60). In the cells irradiated with neutrons,
within first 30 min the DNA damage decreased to 50%. One hour after
the irradiation 20% of the residual DNA damage was still observed. In
case of X and y -rays irradiated cells within first 15 min of incubation,
the damage decreased to about 70% of the initial values. The residual
DNA damage became minimal at 1 h after exposure.
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COMPARISON BETWEEN DNA AND
CYTOGENETIC DAMAGE INDUCED IN HUMAN
LYMPHOCYTES
D.NOWAK. W.NIEDWIED AND A.CEBULSKA-
WASILEWSKA
Department of Radiation and Environmental Biology, Institute of
Nuclear Physics, Krakow, Poland

SCGE assay and classical cytogenetics were used in the studies on
genotoxic effects of environmental mutagens in human peripheral blood
lymphocytes. Alcaline comet assay was performed to elicit DNA
damage and cytogenetic analysis was carried out to evaluate
chromosomal damage in the first and second mitotic divisions after the
in vitro treatment with o-phenylenediamine (concentration range 0-20
mM) and aminophenazines: 2,3-diaminophenazine and 2-amino-3-
hydroxyphenazine (concentration range 0-300 JJM). The treatment on
the whole blood and isolated lymphocytes applied to assess the
induction of chromosomal and DNA damage respectively, was
performed at 37°C. The chemical treatments caused exposure related
increase in DNA damage (reported as Tail DNA and Tail moment) and
in chromosomal damage (reported as the percentage of aberrant cells,
total aberration frequency and sister chromatid exchange frequency)
under the studied ranges of concentrations. Genotoxic potencies of the
chemicals were due to their chemical structure; the highest effects were
observed for DAP treatment, the lowest one for o-PDA treatment.
Comparison of the results revealed a very strong correlation between
DNA and chromosomal damage (from 0.90 to 0.97). A good
agreement between these two types of measurement was also observed
in previous studies on ionising radiation. On the base of these results
we assume that the comet assay gives a very good prediction for the
genotoxic potency of environmental agents.
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Pamoic acid induces chromosome aberrations in cultured
human peripheral blood lymphocytes
N. OSTENFELDT1. L. DALGAARD1 AND R.
MARSHALL2

'Non-clinical Safety Research, H Lundbeck A/S, Copenhagen-Valby
Denmark; 2Covance Laboratories Ltd, North Yorkshire, United
Kingdom

Pamoic acid has utility in the pharmaceutical preparation of sustained-
release formulations of pharmacologically active compounds such as
antitussive, antiparasitic and antidepressant drugs. The mutagenic
activity of pamoic acid per se has never been evaluated. The potential
of pamoic acid to induce chromosome aberrations was investigated in
cultured human lymphocytes in the absence and presence of metabolic
activation by rat liver S9. Two independent experiments were
performed using 20-h treatments (-S9) with 370.6, 436.0, 512.9 ug/ml,
and 3-h treatment + 17-h recovery (+S9) with 982.6, 1156.0, 1360.0
Hg/ml pamoic acid. In the second experiment a pulse treatment (3+17
h, -S9) with 1156.0 ug/ml pamoic acid was also included. This study
showed that pamoic acid induced both structural and numeric
aberrations in 20-h cultures in the absence of S9 and 3+17-h cultures
in the presence of S9. The pulse treatment (3+17 h) in the absence of
S9 did not induce aberrations. In both experiments, the most frequent
structural aberrations were chromatid deletions, and the most common
numeric aberration was polyploidy. The results of this study, although
not conclusive in isolation, suggest that pamoic acid or its metabolites
have genotoxic potential. Therefore, careful consideration should be
given to risk versus benefit before human exposure to sustained-release
drug formulations with pamoic acid.
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Special Effects of a,p-Unsaturated Aldehydes in Human
Lymphocytes Studied by Premature Chromosome
Condensation (PCC)
E. RITTER AND H. ZANKL
Abteilung Humanbiologie und Humangenetik der Universitat
Kaiserslautern, Kaiserslautern, Germany

Mutagenic effects of 2-trans-butenal (crotonaldehyd, CA), 2-trans-
hexenal (HX) and 2-trans,6-cis-nonadienal (ND) were studied in Go-
phase-PCC of unstimulated human lymphocytes induced by fusion with
mitotic CHO-cells. These compounds are of special interest because
they are widely used as food additives. The well known mutagens
mitomycin C (MMC), bleomycin (BLM), diethylstilbestrol (DES) and
untreated lymphocytes were used for control purposes. Induction of
chromosome damage was studied by counting the Go-PCC elements in
fused cells. Only 14,4% of the untreated cells contained more than 46
PCC elements. Different treatments increased this percentage: BLM
(lOug/ml) 87,3%, MMC (20\M) 46,3%, DES (200nM) 26,3%, CA
(180uM) 45,9%, HX (150uM) 41,4%. In a separate study ND (80nM)
induced chromosome damage in about 85% of the cells; about 45% of
the untreated cells contained more than 46 PCC elements. Besides a
moderate increase of chromosome aberrations all three aldehydes
caused an extreme elongation of Go-PCC (about 3x). This effect was
not observed after BLM-treatment and only slightly visible after
incubation with MMC and DES. Probably this elongation results from
intensive blocking of interphase chromatin condensation by cc,p-
unsaturated aldehydes. Further studies are in progress to investigate
this special effect in more detail
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Developmental stability of Drosophila melanogaster
under the exposure to a static magnetic field
M. STAMENKOVIC-RADAK1'2, I. KITANOVIC1, Z.
PROLIC2 AND M. ANDJELKOVIC1'2

lFaculty of Biology, University of Belgrade, Belgrade, Serbia,
F.R.Yugoslavia; 2Institute for Biological Research, University of
Belgrade, Belgrade, Serbia, F.R.Yugoslavia

Studying developmental instability has become meaningful among
geneticists and conservation biologists. The effect of genetic or
environmental stress can be measured by the degree of deviation from
symmetry for the phenotypic traits that show bilateral symmetry as a
rule. Fluctuating asymmetry (FA) has been used as an indicator of the
ability of individuals to cope with distress of their developmental
homeostasis. Studies showed that biological and even mutagenic
effects of the magnetic field at some stage during development vary
widely depending on the organisms, experimental protocols, etc. After
six generations of exposure, the effects of a permanent magnetic field
(intensity at the poles of 35mT), on two parameters of the wing size of
both sexes of D. melanogaster were analysed. The degree of the
obtained asymmetry between left and right wing measurements was
compared to the control. The means of both wing size parameters, for
left and right wings, significantly differ between the control and the
magnetic field group in both sexes. There is no significant difference in
the amount of the FA variance among the analysed groups. Further
genetic analysis may reveal whether there is a mutagenic effect of a
chronic exposure to a static magnetic fields and what its cumulative
effect is on the developmental homeostasis of D. melanogaster.
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Increased frequency of non specific translocations in
Ataxia telangiectasia homozygotes and heterozygotes
detected by fluorescence in situ hybridisation
M. STUMM1, S. NEUBAUER2, P.F. WIEACKER1 AND R.
SAUER2

'institute of Human Genetics, Otto-von-Guericke-University,
Magdeburg, Germany; 2Clinic of Radiation Therapy, University
Erlangen-Nurnberg, Germany

The application of fluorescence in situ hybridisation (FISH) with whole
chromosome painting probes is proving to be a very powerful technique
for the study of chromosomal instability. This technique was shown to
be suitable for the detection of chromosomal aberrations induced by
radiation (Gebhard et al., 1996, Rad Res 145; Neubauer et al., 1996,
Int J Oncol 8). We have performed analysis of spontaneous
chromosomal instability in lymphocytes and lymphoblastoid cell lines
from Ataxia telangiectasia (AT) homozygotes and heterozygotes using
a three color chromosome painting test (WCP 1, 2, 4). With this assay
we were able to detect an increased frequency of spontaneous
translocations (t) in AT homozygotes (Median: 17,38 t/1000
metaphases; n=6) and AT heterozygotes (Median: 7,88 t/1000
metaphases; n=5) in comparison to controls (Median: 3,39 t/1000
metaphases; n=16). Additionally to the well-known increase of open
breaks and rearrangements involving chromosome 7 and 14, these non-
specific translocations are further aberrations demonstratmg the general
chromosomal instability in AT patients. These translocations are useful
for a fast cytogenetic diagnosis of AT patients by whole chromosome
painting. Furthermore, the increased level of non specific translocations
could be an additional factor, causing the elevated frequency of
malignancies in these patients.
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Genotoxicity assessment of 87-966, an antiviral
pyrimidine nucleoside analogue
W. SUTER. F. POETTER, E. FOUNTAIN AND H.-J.
MARTUS
Novartis Pharma AG, PCS Toxicology/Pathology, Basel, Switzerland

87-966, 5-chloroethyl-2'-deoxyuridine, was synthesised for the
treatment of Herpes infections. Early in development the compound
was found to be mutagenic in the Ames test at very high concentrations
(>_7'500 |jg/plate), both with and without S9-mix. The mutagenic
potential of 87-966 was then further investigated. It did not induce
DNA repair in rat hepatocyte primary cultures and it was negative in
the bone marrow micronucleus test in CD1 mice. The mouse spot test,
i.e. the only well characterised in vivo gene mutation assay before the
development of the currently available transgem'c models, provided a
clearly positive result. Treatment of mice on day 9 of pregnancy with
2000 mg/kg resulted in 5.9% of the Fl animals having genetically
relevant spots. The corresponding control group had a spot rate of
1.9%. Since these data clearly identified 87-966 as an in vivo mutagen
is was interesting to investigate whether this potential could also be
detected in lacZ transgenic Muta™Mouse. Four female animals were
treated on 5 consecutive days with 1000 mg/kg/day and sacrificed after
a fixation time of 14 days after the last treatment. The data showed a
clear increase of the mutant frequency in the bone marrow. Possible
mechanisms for the negative clastogenicity in vivo and the negative
DNA repair data in hepatocytes in contrast to the clear evidence of a
mutagenic potential in all gene mutation test will be discussed.
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CLASTOGENIC EFFECT OF PYRETHROID
INSECTICIDES IN SOMATIC AND GERMINAL
CELLS IN MALE MICE
E. TYRKIEL. B. WIADROWSKA AND J.K. LUDWICKI
Department of Environmental Toxicology. National of Hygiene,
Warsaw, Poland

Synthetic pyrethroids insecticides are analogs of the natural pyrethrins
of plant origin. Their strong insecticidal action and relatively low
mammalian toxicity make them an attractive replacement of such
pesticides as organophosporous compounds, arylcarbamates and
organohalogen insecticides e.g. lindane. Toxicological data show that
some pyrethroids (permethrin and cypermethrin) can interfere the
prenatal development of rat fetus. Report on the mutagenicity of
pyrethroids are scanty. In this work the micronucleus test, and the
mouse sperm morphology test were used to determine the effect of
permethrin and fenvalerate in somatic and germ cells. Two routes of
administration were compared for the insecticides: intraperitoneal and
oral. Experiment were carried out on Swiss male mice. Fenvalerate (20,
40 mg/kg bw,ip) and permethrin (125, 250 mg/kg b.w,i.p) were applied
as a solution in DMSO. Fenvalerate (50, 100 mg/kg bw p.os) and
permethrin (200, 400 mg/kg bw p.os) were dissolved in oil. The results
indicate that the highest doses of fenvalerate (ip) and permethrin (ip
and p.os) caused a significant increase sperm abnormalities. Small
increase in the micronuclei frequencies have been also found after per
os exposure to permethrin, but this effect was of non statistical
significance.

355



P201

Mercury concentration in the neocortex of neonatal rats
after continued transplacental exposure
G. DE VISSCHER1, C. JOIRIS2, I. VILAGI3, M. SZENTE4

AND M. KIRSCH-VOLDERS1

'Laboratory for Human Genetics, Free University of Brussels, Belgium,
laboratory for Ecotoxicology and Polar Ecology, Free University of
Brussels, Belgium, department of Comparative Physiology, Eotvos
Lorand University, Budapest, Hungary, 4Department of Comparative
Physiology, Attila Joszef University, Szeged, Hungary.

This study is a preliminary work within a INCO-COPERNICUS
project on the genetic and neurophysiological effects in the neocortex
of transplacental exposure to mercury compounds; it aims at the
detailed estimation of mercury content in different tissues of
transplacentally exposed to during a 24 day period after birth.
A P+L+P protocol was applied: the dams were exposed through the
drinking water to two equimolar and double doses of mercury chloride
(HgC12) or methyl mercury chloride (CH3HgCl) leading to a
transplacental exposure of the embryos, the pups were exposed first
through the milk and later through their drinking water. Six nests of
maximum eight pups were sacrificed and tissue samples of the
neocortex, liver and muscle were taken and frozen for storage. The two
latter tissues are used for comparison, the first being a metabolic and
the second rather being a storage tissue for mercury compounds. The
remainder of the rats was also frozen so that if necessary a complete
mercury content of the animal could be measured. The tissues were
analyses by atomic absorption to assess the real burden after a P+L+P
exposure.
The first results obtained only from the low dose methyl mercury
chloride exposure and a small number of animals showed a high total
content of mercury right after birth. Five days later this content showed
a small decrease, but on the eighth day after birth there was a large
decrease of the total amount of mercury in the tissue. From this day on
a small decrease was observed for every time point up to day sixteen,
when the experiment was terminated. This type of decline was found in
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all the tissues, but the mercury contents of the liver were much higher
than those of the neocortex and liver, which were similar.
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Sister chromatic! exchange analysis in alphajet aircraft
pilots
M.J. SILVA1. A. CAROTHERS2, N. CASTELO BRANCO3

AND M.G. BOAVIDA1

IDepartamento de Genetica Humana, Instituto Nacional de Saiide Dr.
Ricardo Jorge, Av. Padre Cruz, 1699 Lisboa Codex, Portugal; 2MRC
Human Genetics Unit, Western General Hospital, Edinbrugh, UK;
3Centro da Performance Humana, Alverca, Portugal

To assess the genotoxic effects of occupational exposure to whole-
body vibration and noise, sister chromatid exchanges (SCEs) were
scored in lymphocytes of 9 high performance pilots of alphajet aircrafts
and of 10 control indivuduals from the same air base.
The data of mean SCE count per cell in the total number of cells
analysed as well as in those having 12 or more SCEs (high frequency
cells, HFCs) were compared with those of controls. The results
indicate that, after making an adjustment for smoking status, there was
a significant difference between the group of aircraft pilots and controls
(tl6 = 2.29; P = 0.04). Statistical analysis of the proportion of HFCs
was consistent with these results (chi-squared = 10.75, ld.f.; P =
0.001).
The present data reinforce our previous findings that chronic exposure
to whole-body vibration and noise may lead to an increase in the level
of SCEs in man. However, the mechanisms underlying the induction of
SCEs in exposed workers are still open to discussion.
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DEVELOPMENTAL AND GENOTOXIC IMPACTS OF
ULTRAVIOLET-B RADIATION ON THE EMBRYO-
LARVAL STAGES OF THE MARINE POLYCHEATE,
PLA TYNEREIS DUMERILII.
VICTORIA V. CHEUNG \ IAIN MCFADZEN 2, MICHAEL
H. DEPLEDGE l AWADHESH N. JHA'.
1 Plymouth Environmental Research Centre, University of Plymouth,
Drake Circus, Plymouth, PL4 8AA. U.K.
2 Centre for Coastal and Marine Sciences, Plymouth Marine
Laboratory, Prospect Place, The Hoe, Plymouth, PL1 3DH. U.K.

Following depletion of stratospheric ozone, there has been an increase
in the amount of biologically harmful ultraviolet-B (UV-B) radiation
(280-320nm) reaching the earth's surface. This flux of UV-B will
potentially have adverse consequences on human and ecosystem health.
In aquatic environments UV-B has its greatest impact at or immediately
below the water's surface. This is where most primary productivity
occurs, and the gametes and early life stages of many important groups
including invertebrates, dwell.
In the present study, we have investigated the impact of UV-B
radiation on the various life stages of Platynereis dumerilii. Exposure of
the free swimming trochophore stages to UV-B irradiance levels of
48.43Wm-2 for 6 hours (corresponding to 17434.8 J m-2 min-1)
resulted in significantly high incidences of gross malformations in
morphology at later developmental stages (60% of the exposed
population showed abnormalities compared with 13% in the control
population). These abnormalities ranged from relatively minor features
such as a reduction in the number of chaetae to severe deformities such
as the lack in development of parapodia and eyes. These studies
suggest that this level of exposure is detrimental to the survival of the
organism. Investigations are in progress to detect genetic damage
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following UV-irradiation and to find any potential link of this damage
to developmental and survival effects in marine invertebrates.
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Base substitution profiles of environmental mutagens
determined in a lacZ reversion assay
FATIMA GARGANTA, GUNTER KRAUSE. AND
GERHARD SCHERER
ABF, Analytisch-biologisches Forschungslabor, GoethestraBe 20, D-
80336 Miinchen

An improved set of lactose-auxotrophic E. coli tester strains was
applied for assessing the proportion of the six possible transitions and
transversions after exposure with environmental mutagens. Plate
incorporation assays were performed with directly acting diagnostic
mutagens or in the presence of external metabolic activation by rat liver
extract. GC to TA transversions prevailed in spontaneous mutation
profiles and might be attributed to oxidative DNA damage, since this
substitution type was influenced accordingly by treatment with oxidants
and antioxidants.
Two representatives of the polycyclic aromatic hydrocarbons showed
divergent mutation profiles. Benzo[a]pyrene induced mainly GC to TA
transversions while mutagenesis with benzo[c]phenanthrene produced
predominantly AT to TA transversions. The N-nitrosamines N-
nitrosodimethylamine and 4-(N-nitrosomethylamino)-l-(3-pyridyl)-l-
butanone (NNK) induced a high proportion of AT to CG transversions.
The second feature of the mutation spectrum of NNK was the frequent
occurrence of GC to AT transitions, presumably resulting from O6-
methylation of guanine. The aromatic amines 4-aminobiphenyl and 2-
arnino-l-methyl-6-phenylirnidazo[4,5-Z)]pyridme (PhDP) yielded similar
yet distinguishable mutation profiles. The observed mutation profiles
are consistent with proposed mechanisms of adduct formation and
mutagenesis.
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WÓJCIK, J 174
WOLFF, T 63, 106
WOLFREYS, A 161
WUNDERLICH, H.-G 251
WÜRGLER, F.E 159
WYROBEK, A.J 279
WYSZYÄSKA, K 255
WYSZYSKA,K 244
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XIAOYAN, L 258
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YAGOVA,A 165
YAUK, C.L 89
YURCHENKO, V 254
YURCHENKO, V.V 276
Z

ZAICHKINA, S.I 218
ZAITSEVA,T.A 318
ZAITZEVA,T.A 303
ZANARDIN, A 259
ZANARDINI, A 260
ZANKL, H 301,351
ZASTAWNY, T.H 37
ZERBINL 1 259, 260
ZETTERBERG, G 295
ZHANG,J 147
ZHANG, L 6
ZHURKOV, V.S 276
ZIELIŇSKA, M 141
ZIJNO, A 224
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