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HISTORY AND FUTURE OF BIOMARKERS OF EXPOSURE TO
ENVIRONMENTAL MUTAGENS IN HUMAN POPULATIONS

L. Ehrenberg and M. Tornqvist
Dept. of Radiobiology, Stockholm University, Stockholm, Sweden

A cancer epidemiologist recently said that "adduct measurement has so far been of little
use to epidemiological research". This remark is taken as a starting point for a discussion
of the purposes of measuring macromolecule adducts, originating from electrophilic
compounds or metabolites in humans and animals. Historically, methods for adduct
monitoring were developed as a means of determining target doses which, combined
with measurments of genotoxic potencies, could be used for risk assessment. With mass-
spectrometric (MS) methods adducts can be quantified at levels which are thousands of
times lower than those where the associated cancer incidence is detectable in disease-
epidemiological studies. Furthermore, MS techniques permit, particularly in the case of
hemoglobin adducts, identification of the chemical structure of the adduct. Adduct
measurement constitutes therefore not only a means of risk estimation but may be used
as a complement of disease epidemiology in situations where for statistical reasons the
risk is too low to be detectable - wliich does not signify that the risk is acceptably low. It
gives also a possibility of identifying the dangerous components in mixed exposures and
of the relevant reactive intermediates in cases of complex metabolism.

Risks of heritable effects cannot at present be estimated by the discussed approach,
because of the non-availability of any standard agent with known risk coefficient.
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Topic No.4 (Biomarkers of exposure and effects of mutagens
and carcinogens)

CARCINOGENICITY OF FOOD MUTAGENS

T. Suqimura
National Cancer Center, Tokyo, Japan

Diet is an important factor in the development of human
cancer. Many mutagens in food have been identified as
carcinogens in experimental animals and human beings.
.4ycotoxins such as aflatoxin Bi and fumonisin, plant
derived compounds such as pyrrolizidine alkaloids and
cycasin and heterocyclic amines produced by cooking meat
and fish are typical examples. A food additive, nitrite,
is itself weakly mutagenic and also reacts with
dimethylamine under acidic conditions to produce mutagenic
and carcinogenic dimethylnitrosamine. The amount of
nitrite endogeneousiy formed dominates that of exogeneous
nitrite. High concentration of sodium chloride induces
gastric cell membrane damage, which releases mutagenic
malondialdehyde and forms malondialodehyde-deoxyguanosine
adducts. Sodium chloride could therefore be defined as a
mutagen-producing substance. Meanwhile, vegetable leaves
and fruit extracts contain a lot of mutagenic activity
accounting mainly for the presence of flavonoids including
quercetin. However, the carcinogenicity of quercetin
could not be demonstrated by intensive long-term
carcinogenicity tests. On the contrary, flavonoids are
understood to be anti-carcinogenic. Based on recent
knowledge about the molecular aspects of carcinogenesis,
the significance of mutagens in foods is discussed with
some emphasis on heterocyclic amines and in relation to
their carcinogenic risks. Antimutagenic substances in
food could be mentioned, too.
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MOLECULAR EPIDEMIOLOGY IN ENVIRONMENTAL CARCINOGENESIS.
Frederica P. Perera

Columbia University School of Public Health, Division of Environmental Health
Sciences, 60 Haven Ave., B-l, 10032 NY, U.S.A

Molecular epidemiology has significant potential in preventing cancer due to
environmental exposures (related to lifestyle, occupation or ambient pollution). This
approach aims at cancer prevention by incorporating laboratory methods to document
the molecular dose and preciinical effects of carcinogens as well as factors that
increase individual susceptibility to carcinogens. This presentation will give examples
of our recent validation studies of biological markers such as carcinogen-DNA and -
protein adducts, gene and chromosomal mutation, alterations in target oncogenes or
tumor suppressor genes, polymorphism in putative "susceptibility" genes (individual
P450s, glutathione transferase Ml) and serum levels of micronutrients'. This research
involves adults, infants and children exposed to varying levels of carcinogens, as well
as cancer cases and controls. On a group level, dose-response relationships have been
frequently seen between various biomarkers and environmental exposures such as
polycyclic aromatic hydrocarbons (PAH), cigarette smoke (active and passive) and
ambient, indoor and workplace air pollution. However, there is significant
interindividual variation in biomarkers which appears to reflect a modulating effect
on biomarkers (hence potential risk) by genetic and acquired susceptibility factors.
Ongoing retrospective and nested case-control studies of lung and breast cancer are
examining the association between biomarkers and cancer risk. Results of these
validation studies are encouraging that, once validated, biomarkers can be useful in
identifying populations and individuals at risk-in time to intervene effectively.

(Grant support: USPHS grants 5RO1CA-39174, 5RO1CA-35809, 1-PO 1-ESO5294,
CA51196, RO1-ES06722, and CA51196; DAMD 17-94-J-4251 from the Department
of Defense; PDT-373A from the American Cancer Society; and by the Lucille P.
Markey Charitable Trust, the Noreen T. Holland Breast Cancer Foundation, the
Colette Chuda Environmental Fund and the March of Dimes Birth Defects
Foundation.)

'Perera et al. Nature 360:256-258, 1992; Perera et al. Carcinogenesis 14:969-973,
1993; Crawford et al. JNCI86:1389-1402,1994; Whyatt et al. Cancer Epi Biom Prev
4:147-154, 1995 and Perera et al. Cancer Epi Biom Prev 4:233-238, 1995
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MONITORING POPULATION EXPOSED TO MUTAGENS: IMPLICATIONS FOR
DOSE EXTRAPOLATION

J. Lewtas'. B. Binkova", L. Dobias"*, D. Walsh', R. Williams', and R. Sram"

'US Environmental Protection Agency, National Human and Environmental Effects
Research Laboratory, Human Studies Division, US EPA, MD 58C, RTP, NC 27711,
USA
"Laboratory of Genetic Ecotoxicology, Regional Institute of Hygiene of Central
Bohemia and Institute of Experimental Medicine, Academy of Sciences
'"Regional Hygiene Institute, Ostrava, CZ

Biomarkers are being developed and applied to improving the scientific basis for risk
assessment, in part through determining quantitative human exposure-dose-response
relationship. Studies were conducted on several groups with exposures ranging from
exceptionally high occupational exposures to environmental exposures to PAH.
Personal exposure monitors were used to measure polycyclic aromatic hydrocarbons
(PAH) exposures 8 or 24 hours before collection of blood in two populations of postal
workers (60 individuals) in Bohemia and 90 coke oven workers in Ostrava in the
Czech Republic. Exposure to airborne BaP, one of 16 PAHs measured, ranged in
these studies from 0.1 ng/m3 to 38 /xg/m3. DNA adducts in WBC measured by 32P-
postlabeling were related to personal exposure to carcinogenic PAH. Although total
exposure to BaP ranged over 1000 fold, DNA adducts in the WBC ranged over 10
fold from < 1 to >5 adducts/108 nucleotide. In these studies DNA adducts formed
per unit of exposure was higher at low doses. The DNA adducts levels in white blood
cells were better correlated with personal exposure at low environmental exposures
than to personal exposures at higher occupational exposures, where we found evidence
of saturation. At low environmental exposures DNA addducts/exposure unit are
substantially higher (lOOx) than at high occupational levels of exposure.
(This abstract does not necessarily reflect EPA policy.)
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NEW CYTOGENETIC METHODS FOR DETECTING EXPOSURE AND
EFFECTS OF MUTAGENS AND CARCINOGENS

A. T. Natarajan
MGC Department of Radiation Genetics & Chemical Mutagenesis, State
University of Leiden, The Netherlands.

Both structural and numerical chromosomal alterations are associated with human
cancer and congenital abnormalities in new borns. Newly emerging cytogenetic
techniques, especially using DNA probes and fluorescent in situ hybridization have
greatly improved the resolution of detecting chromosomal changes in both
interphase and mitotic metaphases.
Chromosome painting with specific DNA libraries has made detection of
translations relatively easy. This method has been used in retrospective
dosimetry of absorbed radiation dose in case of past accidents. Painting probes
specific for different chromosomes of mouse, rat and Chinese hamster have been
generated which have been utilized to study the induction and kinetics of
elimination of chromosomal aberrations in vivo following treatment with
genotoxic agents. Use of centromere and /or telomere specific DNA probes have
increased the resolution of identifying and quantifying chromosomal changes in
human as well as other mammalian cells. Use of chromosome specific centromeric
probes and FISH has proved valuable in interphase cytogenetics both for detecting
structural and numerical chromosome alterations.
Aneuploidy, which is a very important biological end point is very often neglected
in biomonitoring of human population exposed to genotoxic agents. Using
chromosome painting technique, one can unequivocally identify hyperploid cells.
Recent biomonitoring data from our laboratory on populations exposed to ionizing
radiation (Goiania and Chernobyl) or inorganic Arsenic in drinking water (Salta,
Argentina) clearly indicate an increase in the frequencies of aneuploid
lymphocytes when compared to the matched controls.

Reseatvh financially supported in pat by EU Radiation Protection
Programme, EU Environment Programme and Queen Wilhelemina
Funds for Cancer Resecaxh.
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spectrometric (MS) methods adducts can be quantified at levels which are thousands of
times lower than those where the associated cancer incidence is detectable in disease-
epidemiological studies. Furthermore, MS techniques permit, particularly in the case of
hemoglobin adducts, identification of the chemical structure of the adduct. Adduct
measurement constitutes therefore not only a means of risk estimation but may be used
as a complement of disease epidemiology in situations where for statistical reasons the
risk is too low to be detectable - which does not signify that the risk is acceptably low. It
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of the relevant reactive intermediates in cases of complex metabolism.
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because of the non-availability of any standard agent with known risk coefficient.
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CARCINOGENICITY OF FOOD MUTAGENS

T. Sugimura
National Cancer Center, Tokyo, Japan
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cancer. Many mutagens in food have been identified as
carcinogens in experimental animals and human beings.
Mycotoxins such as aflatoxin Bi and fumonisin, plant
derived compounds such as pyrrolizidine alkaloids and
cycasin and heterocyclic amines produced by cooking meat
and fish are typical examples. A food additive, nitrite,
is itself weakly mutagenic and also reacts with
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MOLECULAR EPIDEMIOLOGY IN ENVIRONMENTAL CARCINOGENESIS.
Frederica P. Perera

Columbia University School of Public Health, Division of Environmental Health
Sciences, 60 Haven Ave., B-l, 10032 NY, U.S.A

Molecular epidemiology has significant potential in preventing cancer due to
environmental exposures (related to lifestyle, occupation or ambient pollution). This
approach aims at cancer prevention by incorporating laboratory methods to document
the molecular dose and preclinical effects of carcinogens as well as factors that
increase individual susceptibility to carcinogens. This presentation will give examples
of our recent validation studies of biological markers such as carcinogen-DNA and -
protein adducts, gene and chromosomal mutation, alterations in target oncogenes or
tumor suppressor genes, polymorphism in putative "susceptibility" genes (individual
P450s, glutathione transferase Ml) and serum levels of micronutrients1. This research
involves adults, infants and children exposed to varying levels of carcinogens, as well
as cancer cases and controls. On a group level, dose-response relationships have been
frequently seen between various biomarkers and environmental exposures such as
polycyclic aromatic hydrocarbons (PAH), cigarette smoke (active and passive) and
ambient, indoor and workplace air pollution. However, there is significant
interindividual variation in biomarkers which appears to reflect a modulating effect
on biomarkers (hence potential risk) by genetic and acquired susceptibility factors.
Ongoing retrospective and nested case-control studies of lung and breast cancer are
examining the association between biomarkers and cancer risk. Results of these
validation studies are encouraging that, once validated, bioinarkers can be useful in
identifying populations and individuals at risk-in time to intervene effectively.

(Grant support: USPHS grants 5RO1CA-39174, 5RO1CA-35809, 1-PO 1-ESO5294,
CA51196, RO1-ES06722, and CA51196; DAMD 17-94-J-4251 from the Department
of Defense; PDT-373A from the American Cancer Society; and by the Lucille P.
Markey Charitable Trust, the Noreen T. Holland Breast Cancer Foundation, the
Colette Chuda Environmental Fund and the March of Dimes Birth Defects
Foundation.)

'Perera et al. Nature 360:256-258, 1992; Perera et al. Carcinogenesis 14:969-973,
1993; Crawford et al. JNCI86:1389-1402, 1994; Whyatt et al. Cancer Epi Biom Prev
4:147-154, 1995 and Perera et al. Cancer Epi Biom Prev 4:233-238, 1995
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assessment, in part through determining quantitative human exposure-dose-response
relationship. Studies were conducted on several groups with exposures ranging from
exceptionally high occupational exposures to environmental exposures to PAH.
Personal exposure monitors were used to measure polycyclic aromatic hydrocarbons
(PAH) exposures 8 or 24 hours before collection of blood in two populations of postal
workers (60 individuals) in Bohemia and 90 coke oven workers in Ostrava in the
Czech Republic. Exposure to airborne BaP, one of 16 PAHs measured, ranged in
these studies from 0.1 ng/m3 to 38 /xg/m3. DNA adducts in WBC measured by 32P-
postlabeling were related to personal exposure to carcinogenic PAH. Although total
exposure to BaP ranged over 1000 fold, DNA adducts in the WBC ranged over 10
fold from < 1 to >5 adducts/108 nucleotide. In these studies DNA adducts formed
per unit of exposure was higher at low doses. The DNA adducts levels in white blood
cells were better correlated with personal exposure at low environmental exposures
than to personal exposures at higher occupational exposures, where we found evidence
of saturation. At low environmental exposures DNA addducts/exposure unit are
substantially higher (lOOx) than at high occupational levels of exposure.
(This abstract does not necessarily reflect EPA policy.)
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NEW CYTOGENETIC METHODS FOR DETECTING EXPOSURE AND
EFFECTS OF MUTAGENS AND CARCINOGENS

A. T. Natarajan
MGC Department of Radiation Genetics & Chemical Mutagenesis, State
University of Leiden, The Netherlands.

Both structural and numerical chromosomal alterations are associated with human
cancer and congenital abnormalities in new borns. Newly emerging cytogenetic
techniques, especially using DNA probes and fluorescent in situ hybridization have
greatly improved the resolution of detecting chromosomal changes in both
interphase and mitotic metaphases.
Chromosome painting with specific DNA libraries has made detection of
translocations relatively easy. This method has been used in retrospective
dosimetry of absorbed radiation dose in case of past accidents. Painting probes
specific for different chromosomes of mouse, rat and Chinese hamster have been
generated which have been utilized to study the induction and kinetics of
elimination of chromosomal aberrations in vivo following treatment with
genotoxic agents. Use of centromere and /or telomere specific DNA probes have
increased the resolution of identifying and quantifying chromosomal changes in
human as well as other mammalian cells. Use of chromosome specific centromeric
probes and FISH has proved valuable in interphase cytogenetics both for detecting
structural and numerical chromosome alterations.
Aneuploidy, which is a very important biological end point is very often neglected
in biomonitoring of human population exposed to genotoxic agents. Using
chromosome painting technique, one can unequivocally identify hyperploid cells.
Recent biomonitoring data from our laboratory on populations exposed to ionizing
radiation (Goiania and Chernobyl) or inorganic Arsenic in drinking water (Salta,
Argentina) clearly indicate an increase in the frequencies of aneuploid
lymphocytes when compared to the matched controls.

Resecavh financially supported in part by EU Radiation Protection
Programme, EU Environment Programme and Queen Wilhelemina
Funds for Cancer Research
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MONITORING EXPOSURE TO CARCINOGENS MEASURING DNA AND
PROTEIN ADDUCTS

Peter B Farmer
MRC Toxicology Unit, University of Leicester, U.K.

It is over 20 years since the concept was originated of biomonitoring carcinogen
exposure through measurement of the interaction products (adducts) formed by
carcinogens with nucleic acids and proteins. To date, only three macromolecules
have received extensive study of their adduct formation: DNA, haemoglobin and
albumin. The analytical methods that have been most widely used for detecting
adducts include for protein adducts: gas chromatography-mass spectrometry,
immunoassay, HPLC with fluorescence detection, and for DNA adducts: 32P-
postlabelling, immunoassay, HPLC with fluorescence or electrochemical detection,
mass spectrometry, atomic absorbance spectrometry, competitive repair assay, and
accelerator mass spectrometry, (only for ' C-labelled carcinogens). The relationship
between adducts measured on proteins and adducts on DNA is variable according to
carcinogen, exposure conditions, etc. However, for many compounds, there appears
to be a proportionality between protein adducts and DNA adducts, especially at low
doses of carcinogen.

A significant discovery has been the fact that adducts for many carcinogens have been
found in supposedly unexposed populations. These are particularly apparent for low
molecular weight alkyl adducts and for hydroxyl radical damage. The origins of this
'background' damage and its genotoxic significance is unknown.

In a recent international study funded by the European Union, we were given the
opportunity to compare adduct levels in globin and DNA isolated from several
European populations living in areas of varying environmental pollution. In this
study, a rural 'control' population had significantly more ethylene oxide-globin
adducts than populations living in more polluted areas. In contrast to this, the
preliminary indications from DNA adduct analysis (measured by P-postlabelling)
are that populations in urban locations had higher adduct levels than those in airal
areas. Although the precise cause (exogenous or endogenous) of these 'background'
adducts is complex and unclear, it would be reasonable to assume that populations
containing elevated levels of these adducts would, as a group, be at a higher risk of
acquiring cancer.
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DNA ADDUCTS AS MEASURES OF HUMAN EXPOSURE TO
ENVIRONMENTAL CARCINOGENS AND GENETIC POLYMORPHISMS
AS POTENTIAL MODULATORS OF CANCER SUSCEPTIBILITY

Phillips P.M.. Carmichael P.L., Hewer A. and Cole K.J.

Institute of Cancer Research, Hauclow Laboratories, Sutton, England

Immunochemical. "P-postlabelling, fluorescence and mass spectronietric methods
are applicable to the detection of carcinogen-DNA adducts in human tissues.
These methods have revealed elevated levels of adducts in white blood cells
(WBC) of iron foundry workers, coke oven workers and aluminium plant
production workers. As these occupations are associated with increased risk of
lung cancer, it would appear that WBC are a useful surrogate in which to measure
target dose carcinogen exposure. In studies of adducts in human peripheral lung
and bronchus, there were linear correlations between levels of aromatic/
hydrophobic adducts and daily cigarette consumption. In another study, there was
an inverse correlation between years of smoking and lung adduct levels among
lung cancer patients. There was an excess of individuals among male patients with
glutathione S-transferase Ml deficiency. This has also been observed among
patients with squamous cell carcinoma of the lung. Women smokers had a higher
level of adducts than men, when results were adjusted for total smoke exposure,
indicating that women may be at greater risk from tobacco-induced lung cancer.
Results to date indicate that both environmental and genetic factors contribuie
to lung cancer susceptibility, but that environment (ie smoking) is much the
greater determinant of risk. Women who smoke are also at elevated risk of
developing cervical cancer. Studies comparing levels of DNA adducts in cervical
epithelium of smokers and non-smokers provide biochemical evidence consistent
with the concept that smoking is a cause of cervical cancer. The exact nature of
the DNA damaging agents detected in these studies remains to be elucidated, and
the relative contribution of carcinogens that give rise to bulky aromatic adducts,
those that yield small adducts, and processes that cause oxidalive damage to DNA
has yet to be determined.
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FUTURE RESEARCH DIRECTIONS TO USE BIOMARKERS OF EXPOSURE

AND EFFECTS OF MUTAGENS AND CARCINOGENS

Kari Hemminki

Center for Nutrition and Toxicology, Kar'olinska Institute,

Novum, 141 57 Huddinge, Sweden.

Many DNA adduct studies have been carried out in

occupational groups which have been at a risk of cancer

based on epidemiological results relating to exposures

decades ago. Even new epidemiological publications on

cancer cannot accurately address the effective exposures

after about 1970. There has been large changes in

technology and industrial hygiene, undermining the

quantitative and sometimes even the qualitative findings of

the old epidemiological studies. Contemporary low levels of

exposure in the western countries may imply that

biomonitoring, resolving individual exposure and DNA repair

capacity, may indicate effects of exposure among

individuals. This is one justification for the

biomonitoring studies. Another justification is on

exposures where epidemiological studies have not been

conducted or have provided inadequate results, in spite of

suspicions raised by short-term or animal experiments.

The modulation of environmental carcinogenesis by host

polymorphism in genes for xenobiotic metabolising and DNA

repair enzymes is currently under extensive investigation.

The studies relating phenotype/genotype to cancer are

presently extended to various endpoints that may be related

to cancer, such as DNA adducts and cytogenetic damage.

Adjustment for a metabolic phenotype or genotype may also

increase the precision in the measurement.
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LUNG CANCER AND p53 MUTATIONS: O L E OF ENVIRONMENTAL EXPOSURE AND HOST-
FACTORS

Kirsti Husgafvel-Pursiainen
Finnish Institute of Occupational Health, FIN-00250 Helsinki, Finland

Analysis of mutation pattern, particularly that of the p53 gene, is currently carried out in
environmental cancers as a potential biomarker for the nature of possible genotoxic exposure
involved in the neoplastic transformation. Mutations in the p53 gene are known to be common in
lung cancer and are therefore well-suited for such analysis. In a recent jjtudy, we found p53
mutations in 50% of the tumours from patients with non-small cell lung cancer (NSCLC) who
were former or current smokers. G:C to T:A transversions (33%) were the most frequently seen
base substitutions, followed by G:C to A:T transitions (17%). As lung cancer and bladder cancer
are both known to be related to tobacco smoking but the types of carcinogens thought to be
responsible for the genetic damage differ, more information may be obtained by contrasting the
mutation findings in these two cancers. In bladder cancer, we observed an overall mutation
frequency of 40%. G:C to A:T transition was the predominant type of mutation (50%) and more
than half of them were at CpG sites. Both those frequencies were higher than were seen in lung
cancer. We noted an association between tobacco smoke exposure (pack-years) and p53
mutations in squamous-cell carcinoma but not in adenocarcinoma of the lung, while a clear
dependence of p53 mutations on the smoking history was observed in bladder cancer (29%, 38%
and 56% in non-smokers, former smoker and current smokers, respectively). Furthermore,
occupational exposure to asbestos was recorded in both sets of patients. We could not, however,
demonstrate any significant association between pbJ mutations and exposure to asbestos. In
addition to exposure factors, endogenous mechanisms, either related to tumour biology or
generation of DNA damage, may influence the frequency and type of mutations. Differences in
the frequency of mutations have been observed between the two major histological types of
NSCLC. Also host-factors related to genetic variations in the metabolism of carcinogens have
been implied as modifiers of early steps of carcinogenesis. Interestingly, the nulled genotype of
glutathione S-transferase M1 gene (GSTM1) assumingly deficient in detoxification of PAH-related
compounds, have been linked to certain types of p53 mutations in lung cancer.
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INVOLVEMENT OF HUMAN CYTOCHROME P450 ENZYMES IN
METABOLISM OF XENOBIOTICS AND HEALTH RISKS

F. P. Guengerich

Department of Biochemistry and Center in Molecular Toxicology, Vanderbilt
University School of Medicine, Nashville, TN 37232 U.S.A.

The cytochrome P450 (P450) enzymes have been studied for their roles in
chemical carcinogenesis for the past 50 years. In experimental animal models there
is considerable evidence that variations in these enzymes can have a dramatic
influence on the risk of cancer from chemicals. Although >35 human P450s have
now been characterized, in vitro studies suggest that a relatively small set of these
can account for much of the activation of chemical carcinogens. P45()s 1A1 and
1B1, extrahepatic P45()s, activate polycyclic aromatic hydrocarbons. P450 1A2, a
hepatic enzyme, activates aryl and heterocyclic amines, P45()s 2A6 and 2E1
activate several of the nitrosamines, and the latter enzyme also activates several
vinyl monomers and halogenated hydrocarbons. P450 3A4 can activate several
mycotoxins (aflatoxins and pyrrolizidine alkaloids), polycyclic hydrocarbon
dihydrodiols, and some aryl amines. The levels of ..ie.se enzymes expressed in
different individuals vary considerably, generally 1-2 orders of magnitudes, due
to inducibility and to genetic polymorphism. Although there has been considerable
interest in these enzymes as risk factors due to their variability and their activation
of carcinogens, epidemiological studies on their contributions to cancer have been
provocative due to the difficulty of demonstrating relationships in a multi-variate
situation. There is considerable potential to understand dietary effects on cancer
incidence in terms of P450 enzymes. Knowledge about P450 enzyme levels should
also be useful in chemotherapy schemes.

(Supported in part by USPHS grants CA 44353 and ES00267.)
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N-ACETYLTRANSFERASE 1 (NAT1): A NEW GENETIC RISK FACTOR
IN AROMATIC AMINE-ASSOCIATED CANCERS

Douglas A. Bell

National Institute of Environmental Health Sciences, RTP.NC 27709

The human N-acetyltransferase 1 (NAT1) enzyme metaholically activates most
carcinogenic aromatic amines more effectively than the NAT2 enzyme and is
found in most extrahepatic tissues. NAT1 has often been referred to as the
"monomorphic" acetyltransferase, but recent evidence clearly demonstrates that
this commonly held view is incorrect. Nonfunctional alleles have been reported,
and we have discovered that a specific allele of NATl (NAT]* 10) is associated
with higher levels of NATl enzyme activity in both bladder and colon tissue.
We found that this high activity NATl allele is associated with higher levels of
DNA adducts in bladder tissue. We have recently tested If NATl, and also NAT2,
play a role in the development of cancers that are associated with aromatic amine
exposure (bladder and colorectal cancers). In a case-control study of bladder
cancer (n =450), we found a significant gene-environment interaction between
NAT] and smoking exposure. The NATl*10 allele was associated with a 2.8 to
26-fold increased risk among cases who were smokers. In a case-control study
of colorectal cancer (n = 314) we found that the NAT1*1O allele was associated
with a 1.9-fold increased risk of cancer. These data indicate that NATl genotype
is an important new genetic risk factor in cancers that are associated with aromatic
amine exposure.
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LOW Km ALDEHYDE DEHYDROC.ENASE (ALDH2) POLYMORPHISM AND
CHROMOSOME ALTERATIONS IN ALCOHOL DRINKERS

K. Morimoto, T. Takeshita, S. Imayoshi, X. Mure and C. Inoue
Department of Hygiene and Preventive Medicine, Osaka Univ.
School of Medicine, Suita, Osaka 565, JAPAN

Drinking of alcohol is now widely known to be one of the major
life-styles that could exert ill-health effects to healthy people.
Alcohol is first motabilized to acetaldehyde (AcH) which causes
directly various types of chromosal DNA lesions and alcohol-related
diseases, and then further detoxified to the rauch-less toxic
metabolite, acetate. About half of the Oriental people are
heterozygously or homozygously deficient in the low Kin aldehyde
dehydrogenase (ALDII2) that can most efficiently detoxify
acetaldehyde. It is therefore possible that cells in ALDH2-deficient
individuals having mutant/normal or mutant/mutant ALDII2 might show
an elevated level of chromosomal alterations in case that they drank
too much alcohol almost everyday.

We have performed a series of experiments to investigate how the
genetic deficiency in AI.DII2 can affect the behavioral pattern for
alcohol drinking and the sensitivity of peripheral lymphocytes to the
induction of chromosomal alterations by exposure to alcohol and
alcohol-related chemicals. The phenotypes of ALDII2 deficiency were
estimated by an alcohol-patch test and by a self-reported flushing
questionaire (TAST). The genotype of ALDH2 deficiency was also
determined by the PCR method that we recently developed (Lancet
341: 837-38, 1993; Hum. Genet. 94: 217-23, 1994).

We here show 1) that lymphocytes from persons having unhealthy
total lifestyles exibited, on average, an elevated frequency of
chromosome damage as manifested by an increase of SCEs and
micronuclei, 2) that significantly smaller proportions of individuals
that were deficient in ALDH2 were habitual alcohol drinkers than
those that were not deficient, 3) that the AcH concentrations in the
circulating blood were markedly higher in ALDH2 deficient than in
proficient people, the formers showing enhanced levels of AcH-Hb
adducts measured by a IIPLC, and 4) that lymphocytes from
individuals that were missing in ALDII2 but still habitual alcohol
drinkers had significantly higher frequencies of SCEs than those even
from ALDJ12 proficient individuals that drank alcohol everyday.
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BIOMARKER STUDIES IN THE NORTHERN BOHEMIA

B. Binkova*. J. Lewtas", I. MiSkova*", P. Rossner"",
M. Cerna"", K. Peterkova', G. Mraclova", J. Mumford" and R. Sram*

'Laboratory ofGeneticEcotoxicology, Inst. of Hygiene, of Central Bohemia, Prague,
"HERL, US EPA, RTP, NC, "'District Inst. of Hygiene, Teplice and ""National
Inst. of Public Health, Prague, Czech Republic

Polycyclic aromatic hydrocarbons (PAH) have been identified as major source of
carcinogenic risk in urban areas. In a pilot study, a group (N=30) of women
working outdoors as postal workers or gardeners from a highly polluted area of
the Northern Bohemia (Teplice) was compared with a similar group of women
(N = 30) from a control district (Prachatice). In a follow-up study a group of women
(N = 21), only nonsmokers, was sampled repeatedly during winter seasons 93-94.
Personal monitors were used to measure external individual PAH exposure for 24
h period prior collection of blood and urine. Urinary cotinine levels was evaluated
to control for exposure to tobacco smoke. To measure internal dose of exposure
urinary PAH-metabolites and mutagenicity were analysed in a pilot study. To
evaluate a biological effective dose we used 32P-postlabeling assay for detection
of DNA adducts in white blood cells (WBC), ELISA assay for serum albumin
adducts and Comet assay for detection of DNA damage in lymphocytes. As markers
of an early biological response cytogenetic analysis (AB.C, SCE) was performed.
The relationship between exposure, biomarkers and detoxifying enzyme glutathione
S-transferase Ml was evaluated from the results of GSTM1 genotyping. In the both
overall studies no significant correlations between different biomarkers was found
with exception of DNA adducts and urinary mutagenicity (TA98 + S9; r = 0.706,
p = 0.006) within the nonsmoking group from Teplice (N = 21). Within this group
personal exposure to PAH was significantly correlated with DNA adduct level in
WBC (r = 0.541, p = 0.016), suggested trend was found for protein adducts (r = 0.334,
p = 0.135). In the follow-up study high personal exposures variability between the
individuals sampled on the same day was observed. In the sampling period with
elevated ambient concentrations of pollutants exceeding the daily maximal
acceptable levels the personal exposures to carcinogenic PAH and BaP were also
significantly elevated compared to the other periods. We also found elevated DNA
adduct levels as well as Comet parameters at this sampling. In the overall study
we obtained significant relationship between DNA adduct levels and personal
exposure to carcinogenic PAH (r = 0.710, p< 0.001). Multifactor analysis of variance
showed that the effect of individual environmental exposures on varialibality of
biomarkers (DNA adducts, Comet, urine mutagenicity) seem to be higher than the
effect of GSTM1 genotype.

This work was supported by the Czech Ministry of Environment, US EPA and PHARE II,
EC/HEA/18/CZ.
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HUMAN EXPOSURE TO URBAN AIR POLLUTANTS

Barale R.

Dept. Scienze dell'Ambiente e del Territorio, Univ. di
Pisa, Italy.

A large human population (1700 subjects) living in three
locations next to each other (Pisa, Navacchio and Cascina,
Italy) and characterized by different air pollution levels,
althought below the EEC standards, was investigated for the
presence of respiratory symptoms, SCE and MN in lymphocytes
and antibody anti-B(a)P DNA adducts in serum.
SCE and MN frequencies were significanlty affected by 1)
methodological factors, i.e. sampling period, technicians
groups involved in culturing lymphocytes and scoring slides;
2) biological factors, i.e. sex and age of donors; 3) life
style factors: smoking and drinking habit, job; 4) residence
location of donors. Non smokers living in Pisa showed
significantly higher SCE frequencies and more antibody anti-
B(a)P adducts.

Regarding the residence factor, a possible involvement of
air pollution was supposed. In absence of personal air
monitoring, estimates of detailed air pollution levels were
obtained with two undirect methods by studing: 1) lichens as
bioindicators of air purity according to their distribution
and growth and 2) respiratory symptomatology as an index of
past and actual exposure to air pollutants. Lichen study
indicated a significant difference in air purity among the
three locations, and Pisa showed the worse quality. Among
respiratory symptoms, dyspnea in non smokers resulted
borderline (p=0,06) associated with higher SCE frequencies.
These latter were borderline (p=0.056) associated with
antibody anti-B(a)P DNA adducts. These findings pose the
question whether low levels of air pollution might be
associated with increased SCE levels and DNA adducts. BY
other hand, MN frequencies resulted inversely correlated
with air quality and, interestingly, their levels were
significanlty lower in smokers than in non smokers.
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INTERACTIONS BETWEEN ENVIRONMENTAL TOXICANTS AND ENDEMIC
INFECTIONS

Wagida A. Anwar

Department of Community, Environmental and Occupational Medicine, Faculty of
Medicine, Ain Shams University, Cairo, Egypt

Infection can be associated with cancer development. Environmental factors
may interact with infection and lead to enhancement of carcinogenicity process.
Egyptians are suffering from two types of cancer. These are urinary bladder
carcinoma and the primary hepatocellular carcinoma (PHC). The major cause of these
types of cancer is mainly infection. Schistosoma haematobium infection is the major
risk factor in patients suffering from bladder cancer. Hepatitis B infection is the major
risk factor in development of PHC. Environmental factors such as smoking, pesticide
exposure, aflatoxin in diet, air pollution and several drugs which are commonly used
in this community may interact with infection and lead to enhancement of
carcinogenicity process. A study was conducted to 1) Determine whether Schistosoma
haematobium is involved in the production of chromosomal damage (Micronuclei)
in urothelial cells of infected individuals, 2) Study the effect of anti-schistosomal
therapy on the level of chromosomal damage in urothelial cells, 3) Study the
interaction between schistosomal infections and cigarette smoking. Micronucleus
frequencies were significantly higher in the infected group (0.84+0.69%) than among
controls (0.12+0.21%, p(0.001). The mean micronucleus frequencies were reduced
significantly after treatment with praziquantel, 0.19+0.23%, (p(0.001). The study
suggested that infected individuals who smoke may have more chromosomal breakage
in the bladder.

The high incidence of liver cancer in some areas of Africa may be attributed
to aflatoxin contamination of food and/or hepatitis B virus infection. Measurement
of aflatoxin-albumin adduct in the peripheral blood can be used as a biomarker in
studies of human exposure to aflatoxin to provide information on exposure and also
on the risk of genetic alterations consequent to that exposure. Studies in HBV carriers
suggest that such individuals have higher aflatoxin-albumin adduct levels than in non-
infected controls and this may be related to an altered metabolism of aflatoxin due
to HBV-induced liver injury. The identification of mutations in p53 gene in cases of
PHC which may be attributable to aflatoxin exposure could support a causal link
between exposure and tumor development.
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ENVIRONMENTAL TOXICANTS IN DEVELOPING COUNTRIES

Patricia Ostrosky
Institute) de Investigaciones Biomedicas, UNAM, Mexico

The genotoxic activity of environmental toxicants has been extensively studied
in laboratories from USA, Europe and Japan. These same agents are often an
environmental problem in Developing Countries, but there, the problem is
potentiated by other factors such as 1) the lack of or failure to enforce regulations
which allows for human exposures to genotoxic agents, 2) undernourishment of
the lower socio-economic classes which comprises the populations most exposed
in industrial and agricultural activities, and 3) parasitic infections which afflict a
wide range of the populations in both urban and rural areas. Data on the
genotoxic effects of different types of exposures including natural and
environmental, occupational, infections and medical treatments, will be presented
and discussed with the point of view that all these factors must be taken into
account with respect to regulation and the protection of public health. Infections
and chemotherapy, each separately, have been shown to induce genotoxic damage;
in addition, undernourishment has also been involved in genotoxic effects, but
no data are available with respect to their combined action and its potential effects
on individuals exposed to the agents mentioned or environmental pollution in
general.

Furthermore, occupational exposures in Developing Countries are higher than
in Developed Countries due to a lack of stringent regulations, lack of knowledge
of the risks involved, and the negligence of workers and/or associations.
General pollution is another important issue: since first world countries are
establishing very strict regulations, dangerous or polluting industries are being
exported to Developing Countries, together with banned substances and dangerous
industrial wastes. Modern technology to dispose of those wastes is not available
in Developing Countries and is not exported together with the wastes. From here,
accidents are very prone to occur as they indeed have.
Accidental exposures should be included in this analysis: radiation accidents with
radioisotopes used in clinical treatments have occurred worldwide, like the ones
in Cd. Juarez, Mexico and in Goiana, Brazil; chemical accidents due to pesticides
like the one in Bhopal, India, and the one in Jalapa, Mexico.
In extreme cases, unethical people sell PVC containers as deposits for drinking
water or pesticide containers are used as bathtubs by poor people due to lack of
information.
Stringent regulations in the first world will not prevent exposures in the long term
to all the people in the world. Since we all travel in the same boat, toxic
substances that are released into the environment will ultimately reach the future
generations.
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MONITORING OF POPULATIONS EXPOSED TO METALLURGY
INDUSTRY IN UKRAINE

Ye.N.Antipenko and N.N.Kogut
National Institute of Health, Kiev, Ukraine

The main source of pollution of Ukrainian atmosphere is metallurgic
industry.According to the official data quantity of mutagens in the atmospheric
pollutant emission achieved to 16.Total annual emission only mutagens in the most
polluted metallurgic towns approaches to 30-45 thousand tons.
For 3 years genetic monitoring has been carried out in three Ukrainian towns
essentially different in the level of air pollution.Two of them ( M. and Z.) with highly
developed metallurgic industries. One (S.) - relatively clean town.Correlation between
mutagen emission in S., Z. and M. there was 1 : 10 : 16.
Multiple malformations, dominant and X - linked congenital anomalies (CA) in M.
were 2,6 - 3,1 times more frequent than in S.The frequency of new mutations was
0,45 - 0,95 and 0,17 - 0,47 per 1000 births respectively.No differences in
multifactorial and recessive CA were noted.
The average spontaneous abortions (SA) frequency in Z. and M. was 1,7 - 2,2 times
more than in S.The genetic consequences of chemical pollution were calculated in
biological equivalent Roentgen.They were in 3 to 4 times higher for CA (gene
mutations) than those of SA (chromosomal mutations) and were 230 and 80 BER over
30 years respectively.Meanwhile cancer rate in S., Z. and M. was not correlated with
chemical atmospheric pollution level although in M. cancer of lung was registered
more often than in Z. and S.
Mutagen activity of atmospheric air in the test of Ames in Z. and M. was 2,5 times
more than in S.
Thus environmental chemical pollution in two Ukrainian metallurgic towns caused
an essential increase in mutation rate.
Differences in the mutation rate in the study towns are in accordance with dynamics
of demographic processes.
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FUTURE RESEARCH DIRECTIONS TO CHARACTERIZE ENVIRONMENTAL
MUTAGENS IN HIGHLY POLLUTED AREAS

R. J. Sram
Laboratory of Genetic Ecotoxicology, Regional Institute of Hygiene of Central
Bohemia & Inst. of Exp. Medicine, Academy of Sciences, Prague, Czech Republic

It is generally believed that human biomonitoring using methods of molecular
epidemiology is an extremely powerful approach. To characterize environmental
mutagens in highly polluted areas only methods which were already validated should
be used. Obtained results may become the base for risk assessment, which can
generate a significant economic implications. Experience from the Eastern Europe
indicated very strong perception of risk of exposure to carcinogens in highly polluted
areas, but these chemicals or complex mixtures were not properly measured. If later
were used internationally acceptable analytical techniques, expected dramatic
exposures were not confirmed.

To determine the effect of mutagens on human population first of all we need reliable
data on exposure. It means continual information about the pollutants in ambient air
combined with data on individual exposures. More difficult task is evaluating the
effect of complex mixtures, where chemical analysis should be combined with the
prove of biological effect by different biomarkers.
As the source for biomarkers analysis is traditionally used human blood or urine.
More utilization of placentas and buccal smears samples may be expected. As
biomarkers of exposure seems to be the most sensitive DNA, haemoglobin and
albumin adducts. The use of Comet assay is still necessary to validate. As biomarkers
of effect was originally widely used the eytogenetic analysis, determining chromosome
aberrations or micronuclei. It is believed, that more pertinent information can be
obtained with chromosome painting, determining gene mutations at the hprt locus,
alterations in oncogenes and tumor suppressor genes. But epidemiological studies,
exhibiting relationship between these biomarkers and environmental pollution are still
lacking. The use of sperm to analyze the effect of environmental mutagens to sperm
morphology and sperm aneuploidy can be encouraged. Recent results already manifest
the importance to return from somatic cells to gametes also in human population
studies. Important part emerged to be biomarkers of susceptibility, analysing genetic
polymorphism, responsible for individual differences in the biotransformation of
mutagens and carcinogens.

To organize such wide spectrum of analysis by one laboratory is probably extremely
difficult. This task became the real ground for international cooperation by different
specialists (epidemiologists, analytical chemists, biochemists, molecular biologists,
cytogeneticists, etc.).

This work was supported by the Czech Ministry of Environment, US EPA and
PHARE II, EC/HEA/18/CZ.
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Genetic effects in relation to toxic exposures

Andrew E. Czeizel M.D.: Department of Human Genetics and Teratology

National Institute of Hygiene - WHO Collaborating

Centre for the Community Control of Hereditary

Diseases, Budapest, Hungary

Two human models were used for the study of germinal mutagenic effects of

chemicals. The self-poisoning model consisted of 3733 hospitalized persons (male 747,

female 2986) aged under 30 years taking an extremely nigh drug overdosage in an

attempt to commit suicide. The rates of congenital abnormalities including indicator

anomalies of germinal mutations in children born after self-poisoning were not higher.

However, babies born to index females months or years after an attempted self-

poisoning were found to have a lower birth weight than before this suicide attempt. A

similar trend was observed in livebirths of female partners of index males. Another

model is based on the genetic epidemiologic evaluation of spatial clustering of cases with

Down syndrome. The most significant clustering was found in a small village in

1989-90. Of 15 livebirths, 4 had Down syndrome caused by maternal meiosis II. (The

expected figure was 0.12% compared with the observed figure of 26.67%). A case-

control study and environmental investigation pointed the finger of suspicion at the

excessive use of trichlorfon at local fish farms. The content of this chemical was very

high in fish (100 mg/kg) and all mothers of babies with Down syndrome had consumed

contaminated fish in the critical period for Down syndrome.
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EPIDEMIOLOGY OF RADIATION EXPOSURES

F. Cardis, Head, Programme Radiation on Cancer
International Agency for Research on Cancer, Lyon, France

Much of the information on the health effects of radiation exposure available
to date comes from long-term studies of the atomic bombing in Hiroshima and
Nagasaki. Accidental exposure, such as those resulting from the Chernobyl accident,
have as yet provided little information concerning health effects of ionizing radiation.
The observation of dramatic increase in childhood thyroid cancer incidence in Belarus,
Ukraine and more recently in Russian Federation (1) raises, however, a number of
questions concerning the magnitude of the risk and the role of environment and host
factors in radiation carcinogenesis.

The current status of our knowledge concerning radiation effects will be
reviewed. The information which could be obtained from studies of accidental
exposures and the types of studies needed will be discussed.

(1) Stsjazhko, V.A., Tsyb, A.F., Tronko, N.D., Souchkevitch, G., and Baverstock,
K.F. Letter to the editor, BMJ: 26 March 1995.
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Former poison gas workers and cancer

Michio Yamakido, M.D.
Professor and chairman
2nd Department of Internal Medicine
Hiroshima University School of Medicine

Protection of workers was inadequate in a poison gas
factory that operated between 1929 and 1945 on a small
island, Okunojima, approximately 40 miles from Hiroshima.
Employees were exposed to mustard gas, the major product of
the plant.

The standardized mortality ratios (SMRs) for malignant
diseases between 1952 and 1987 were analysed comparing with
the data of cause of death in Japanese males overall. SMR
for all malignant neoplasia and that for respiratory tract
cancers are significantly elevated. In terms of the effect
of type of work, SMRs for respiratory tract cancers in Group
A (mustard gas and Lewisite production) and B (related work
of mustard gas production) are significantly elevated. In
terms of the effect of duration of work, SMRs for
respiratory tract cancers in the group who had worked more
than 5 years and the group who had worked from more than 6
months to less than 5 years are significantly elevated.

The histopathologic findings revealed that the occurrence
of squamous cell carcinoma was remarkably increased, whose
site of development was predominantly upper airway tract.

The impaired immune functions as well as cytogenetic
changes due to chemical injury of genes are though to be the
possible cause of dpvelopment of malignant neoplasia.

With the aim of preventing the development of cancer
immunologically in these workers, administration of Nocardia
rubra cell wall skeleton (N-CWS), a biological response
modifier, has been carried out since 1984. During 4.5 years
malignant tumors were clinically demonstrated in 7 of N-CWS
treated group and in 17 of the control subjects. The
incidence was significantly lower in the treated group.

Finally, following our epidemilogical, pathological, and
immunological evidences, further studies in molecular
biological field may clarify the mechanism of chemical
carcinogenesis in mustard gas workers.
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GENETIC CONSEQUENCES OF RADIATION POLLUTION IN RUSSIA AFTER
CHELJABINSK AND CHERNOBYL FALL-OUTS: FACTS AND PROGNOSIS

N.P.Bochkov
Sechenov Moscow Medical Academy, Moscow, Russia

1. Due to technological blunders in work with radioactive materials part
of the Urals region population lives since 1949-1.956 in the radio active
area. Internal and external radiation (Sr-9O, Ca-137) is observed in
three generations with wide variety of individual dose: from several mSv
to 4-5 Sv. No strict registration of congenital, anomalies was conducted.
Retrospective evaluation does not permit objective judgement about the
speed of mutation process in the control, and irradiated groups.
2. Population genetic dose of irradiation in the result of Chernobyl
accident will equal on the whole in 30 years 315 000 man/cSv. Individual
genetic dose for the majority of population will not exceed 1 cSv.
3. Genetic prognosis of Chernobyl accident shows that the increase in
the number of children with hereditary diseases due to parental irradia-
tion will be 151 against 150 per 10 000 of newborns. To register such
effects it is necessary to examine not less than 5 mln newborns from ir-
radiated parents (l cSv) and the equal control group.
4. Annually about 1.5 mln children aie born in Russia, but in areas with
radiation fall-outs over 10 Cu/km^ only tens of thousands. Thus, evalua-
tion of genetic effects in germ cells after Chernobyl and Chelyabinsk
accidents is a very difficult and long-term task.
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LONG-TERM CYTOGENETIC STUDY OF CHERNOBYL ACCIDENT
VICTIMS IN UKRAINE

M. Pilinskaya
Research Center for Radiation Medicine, Kiev, Ukraine

Selective cytogenetic monitoring of the most priority groups from Chernobyl
disaster victims have been carried out starting from 1987. The group of
liquidators irradiated mainly in 1986 and reconvalescents after Acute Radiation
Sickness (ARS) different degrees of severity were examined. In all these groups
cytogenetic effect was found (an elevated level unstable as well as stable markers
of radiation exposure) which showed positive correlation with initial degree of
irradiation severity even 8 years after the accident. Comparative scoring
conventional vs. G-banding showed quite the same rate of unstable aberrations.
At the same time the yield of stable aberrations for G-banded slides exceeded
frequency for conventional staining. Comparative scoring conventional, G-
bancled and painting chromosomes in one patient with ARS-3 have been done. To
study possible mutagen activity of chronic low levels of radiation, the cytogenelic
monitoring of several critical groups of population (especially cnildrcn and
occupational groups - tractor drivers and foresters) living in contaminated by
radionuclides areas of Ukraine was carried out. In all the examined groups
significant increase of aberrant metaphases frequency, chromosome type
aberrations frequency (both unstable and stable) and chromatid type aberrations
frequency was noticed. Data received in children groups reflected intensity of
total mutagen pressing on examined populations and positively correlated with
the duration ol Chernobyl factors action more than with the level of cesium
isotopes in the environment. Results of cylogenetic examination of adults
confirmed the importance of occupational irradiation exposure input to genetic
effects of Chernobyl accident factors in population of contaminated areas. Results
of our investigations demonstrated the possibility of evaluation the mutagen
pressing of acute and long-term irradiation of different intensity on somatic cells
of persons suffered from Chernobyl and confirmed the need of introduced the
new informative genetic methods (especially FISH) for reliable retrospective
genetic dosimetry of radiation exposure in Chernobyl accident victims.
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CHROMOSOME PAINTING FOR BIODOSIMETRY IN HUMANS

J.D. Tucker. M.J. Ramsey, D.H. Moore II, J.F. Briner, H.E. Garcia, L.A. Olsen, J.R.
Senft.

Biology and Biotechnology Research Program, P.O. Box 808, L-452, Lawrence
Livermore National Laboratory, Livermore, CA 94551 USA.

Fluorescent in situ hybridization with chromosome-specific composite DNA
probes ("chromosome painting") is a reliable and efficient method of detecting
structural chromosome aberrations. We are applying this technology to several
populations. One population consists of normal, putatively unexposed
Americans. The purpose is to establish a baseline frequency of stable
aberrations and to document the relationship between age and the
accumulation of cytogenetic damage. A second population consists of
Chernobyl clean-up workers, with the objective of estimating radiation exposure
levels. In each population we have painted chromosomes 1, 2 and 4
simultaneously, and scored stable and unstable aberrations. In the American
population we evaluated 1000 metaphase cell-equivalents from each of 91
subjects ranging in age from newboms (umbilical cord bloods; n = 14) to adults
aged 19 to 79 years. Our findings show a significant increase in stable
aberrations (translocations and insertions) with age (p < 0.0001). We also
observed age-related increases with dicentrics (p < 0.0001) and acentric
fragments (p < 0.0001). Relative to the frequencies observed in cord bloods,
the frequencies of stable aberrations, dicentrics, and acentric fragments in
adults aged 50 and over were elevated 10.6-fold, 3.3-fold, and 2.9-fold,
respectively. Nine factors other than age are significantly associated with the
frequency of stable aberrations; these are: smoking (amount and duration),
consumption of diet drinks and/or diet sweeteners (measured four different
ways), exposure to Gooestos or coal products (1 factor each), and having a
previous major illness (1 factor). Newborns whose mothers smoked during
pregnancy had a 1.5-fold increase in stable aberrations (p = 0.029). For the
Chernobyl clean-up workers, we have evaluated 500 metaphase cell-
equivalents from each of 160 exposed subjects. The Chernobyl workers have
frequencies of stable aberrations that are 2 to 3-fold higher than the U.S.
population, a difference which is highly significant (p = 0.005). Chernobyl
workers also show significant increases with age (p < 0.001). At the present
time we have received an insufficient number of Chernobyl control samples to
know whether this increase is due to radiation exposure or to differences in
lifestyle. Taken together, these results support the hypothesis that stable
aberrations accumulate with age and illustrate the importance of understanding
the contribution of lifestyle factors to the accumulation of cytogenetic damage.
This work was supported in part by NIH grant PO1 CA55861, and was
performed under the auspices of the US DOE by the Lawrence Livermore
National Laboratory under contract No. W-7405-ENG-48.
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Monitoring exposure to atomic bomb radiation

M. Akiyama, S. Kyoizumi and J.B. Cologne
Radiation Effects Research Foundation, Hiroshima, Japan

As knowledge in the molecular biology of cancer accumulates, the field of cancer risk
evaluation is gaining attention. Analyses of oncogenes and tumor suppressor genes have
demonstrated that mutations, such as base substitutions, deletions, recombinations, and
amplification of DNA, are crucial for carcinogenesis. Therefore, monitoring of somatic
mutations in vivo can be a biological marker for evaluation of the risk of cancer from
exposure to environmental mutagens. In our laboratory, somatic mutation assays are
presently established for the glycophorin A (GPA) genes in erythrocytes and the HPRT,
HLA-A, TCR a and (3 genes in T lymphocytes. Although these assays do not detect or
quantify variations in genes directly involved in carcinogenesis, they can be considered
to indirectly reflect them. Of these assays, the GPA assay can be used as a lifelong
biological marker of exposure to mutagens because it detects mutations that are
accumulated mainly in long-lived bone marrow stem cells. I would like to discuss at this
conference the possibility of applying the assay to cancer risk evaluation, using GPA
mutations in atomic bomb survivors as an example.
A-bomb survivors are a population suitable for studying the relationship between somatic
mutation and cancer risk because their exposure doses are relatively well known and their
dose responses in terms of cancer risk have also been thoroughly studied. An analysis
has been made of deletion-type GPA mutations in 1,226 A-bomb survivors in Hiroshima
and Nagasaki. The GPA mutation frequency (Mf) increased slightly but significantly
with age at the time of measurement and with number of cigarettes smoked. After
adjustment for the effect of smoking, the Mf was significantly higher in males than in
females and higher in Hiroshima than in Nagasaki. All of these characteristics of the
background GPA Mf were in accord with those of solid tumor incidence obtained from
an earlier epidemiological study of A-bomb survivors. Analysis of the dose effect on Mf
revealed the doubling dose to be about 1.20 Sv and the minimum dose for detection of
a significant increase to be about 0.24 Sv. No significant dose effect for difference in
sex, city, or age at the time of bombing was observed. Interestingly, the doubling dose
for the GPA Mf approximated that for solid cancer incidence (1.59 Sv). And, the
minimum dose for detection was not inconsistent with the data for solid cancer incidence
(significant increase of risk was detected for the first time in the 0.20 - 0.49 Sv cohort).
These findings are consistent with the hypothesis that somatic mutations are the main
cause of excess cancer risk from radiation exposure. The dose effect was significantly
higher in those diagnosed with cancer before or after measurement than in those without
a history of cancer. This suggests that an increased frequency of mutations contributed
to the increased development of cancer or that radiosensitivity is higher in the cancer
group, but possible radiation dose underestimation of the cancer group needs also to be
taken into consideration. The above results suggest that GPA Mf can be a biological
marker in evaluating the cancer risk of A-bomb survivors.
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Human exposure to carcinogenic heterocyclic amines, and
their mutational fingerprints in experimental animals

Minako MAGAO, Keiji Wakabayashi and Takashi Sugimura
National Cancer Center Research Institute, Tokyo, Japan

Heterocyclic amines (HCAs) are mutagens/carcinogens
to which humans are exposed almost everyday. PhIP is the
most abundant of the various carcinogenic HCAs, being
present at a level of 0.56-69.2 ng/g of cooked meat or
fish, with MelQx following it at 0.64-6.44 ng/g. We
recently identified two new types of mutagen 7, 9-DiMeIgQx
and 4'-OH-PhIP in heated food stuffs, their amounts being
0.24-4.18 ng/g and 0.28-21.0 ng/g, respectively in cooked
meat. HCAs were found in the urine of healthy people with
ordinary diet. While patients receiving parenteral
alimentation lack of PhIP and MelQx in their urine. Based
on the concentrations of MelQx and PhIP in the urine of
ten healthy voluntieers, daily intake of MelQx in Japanese
was calculated to be 0.3-3.9 |ig per person, while that of
PhIP was 0.005-0.3 |ig. The daily MelQx intake of Japanese
on ordinary diet was comparable to that of Americans and
Swedish previously reported, but that of PhIP was about
one-thirtieth that of the Swedish group. MelQx-DNA
adducts were also detected in a human kidney sample, a
colon sample and a rectum sample using the 32p-
postlabeling method. Their levels were 0.18, 1.8 and 1.4
per 109 nucleotides, respectively.

In addition, we elucidated the mutational
fingerprints of PhIP by analyzing Ape mutations in rat
colon cancers induced by PhIP. Four of the eight tumors
had mutations in the Ape gene totalling five, and four of
those five mutations were a guanine deletion from the
GTGGGAT sequence. This specific mutation spectrum may be
used as a fingerprint of PhIP in evaluating its risk in
human colon carcinogenesis. We also found microsatellite
instability in the colon and mammary tumors induced by
PhlP. Mutations were not found in IQ induced colon
tumors, and only at a low frequency in mammary tumors
induced by dimethylbenz[a]anthracene. Mechanisms involved
in induction of microsatellite instability in PhIP induced
cancers remain to be solved.
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FUTURE RESEARCH DIRECTIONS TO EVALUATE GENETIC AND
CANCER RISK FROM ACCIDENTAL EXPOSURES

R. ,1. Alhertini and J. P. O'Neill
(icnetics Laboratory, University of Vermont, Burlington, VT 05401 U.S.A.

Biomarkers are used primarily for exposure/dose assessments and characterizations
at the population level. Both aid in evaluating genetic and cancer risks - but only at
that level. Of ultimate relevance for prevention will be biomarkers that directly
assess genotoxic effects and likelihoods of disease. At present, we do not know if
reporters of genotoxic events (e.g. chromosome aberrations, somatic mutations)
predict risks in individuals, but assume that they do not. However, there is evidence
to the contrary. Examples will be presented, using mutations of /;/;//, that this
reporter serves as a valid surrogate at the molecular level for the kinds of mutations
that result in malignancy when occurring in critical genes or genomic regions.
Further, in vivo arising hprt mutations can now be assessed in human myeloid stem
cells as well as in lymphocytes, allowing validation of the latter as a tissue surrogate
for the former. These and other bits of evidence are, at best, circumstantial; future
research should provide direct demonstrations that biomarker results predict
individual disease outcomes. A beginning in this direction has been made by the
prospective follow-up Nordic study relating individual cancer outcomes to frequencies
of non-specific chromosome aberrations determined earlier (1). Additional studies
using existing biomonitoring results should follow this lead. Also, priority should be
given to new extended "prospective" studies in humans. These new studies should
follow over time individuals with known exposures to mutagens/carcinogens for
cancer or other genotoxic disease outcomes. Blood and other convenient tissue
samples are obtained at the time of exposure and preserved for subsequent biomarker
study. Follow-up must include meticulous medical evaluations. After sufficient
outcomes have occurred in any class (e.g. leukemia), a panel of epidemiologists,
physicians, geneticists, toxicologists and statisticians should design nested case-
control studies to validate the biomarker results as surrogates for the disease outcome.
The biomarker results need be determined for appropriate individuals only after
disease outcomes are known, using the previously preserved samples. The samples
are collected prospectively; clinical outcomes are the measures of validity of the
surrogates. A suggested study scheme will be presented.

1. Hagmar L., Br0gger A., Hansteen J-L., Heim S., Hogstedt B., Knudsen L.,-
Lambert B., Linnainmaa K., Mitelman F., Nordenson I., Reuterwall C, Salomaa S.,
Skerfving S., Sorsa M. (1994) Cancer risk in humans predicted by increased levels
of chromosomal aberrations in lymphocytes: Nordic study group on the health risk
of chromosome damage. Cancer Res, 54:2919-2922.
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Topic No.5 (Reproductive and developmental effects of environmental
mutagens)

REPRODUCTIVE AND DEVELOPMENTAL EFFECTS OF ENVIRONMENTAL
MUTAGENS. A VIEW ON THE POOR REPRODUCTIVE EFFICIENCY IN
MAN

K. Mikamo
Department of Biological Sciences. Asahikawa Medical College. Asahikawa.
Japan

In man. the rate of reproductive failure, such as early pregnancy loss and
congenital malformations, is extremely high when compared with that of domestic
and experimental animals. Generally speaking, a specific reproductive manner to
achieve the highest efficiency has been established in each species through the
process of its evolution. The existing condition of human reproduction is not in
accordance with this fundamental tenet of biology.

A considerable body of evidence has been accumulated to show that more than
75% of fertilized human ova are eventually lost at various pregnancy stages.
About 70% of the embryonic loss occurs during pre- and peri-implantation stages
suggesting that a major etiologic factor is gamctopathologic. Our direct study with
human oocytes and spermatozoa showed that the primary incidence of chromo-
some aberrations is surprisingly high. 50-60%. and the majority of them are
generated during prezygotic stages, that is. during either oogenesis or spermato-
genesis. In our experimental studies using chemical and radioactive agents,
chromosome aberrations are induced in both human and animal gametes.
Flowever. radiosensitivity of human sperm chromosomes was found to be 2-3
times higher than that of experimental animals.

These observed facts suggest strongly that human gametes are vulnerable to
mutagens and, in addition, human reproduction itself has a special biological
nature that enhances the deleterious effects of mutagens on the gamctogenesis of
both sexes.

Developmental anomalies having neither hereditary disease nor chromosome
aberration are also numerous. Their causal mechanisms are various and usually
difficult to specify, since they are multifactorial. It is important, however, that many
of this group are born, unlike most chromosome abnormalities. These multifactorial
anomalies are the most numerous among babies born with congenital mal-
formations (nearly 70%). They are known to be caused by an adverse interaction
of genie and environmental factors. This interaction may occur at any develop-
mental stage when the embryos are sensitive to mutagens. and so disorders of
normal organogenesis or histogenesis may be induced.

The postzygotic effects of environmental mutagens seem to be enhanced in
human embryos also owing to the special nature of reproductive physiology in
women.
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Symposium 5 (Reproductive and developmental effects of environmental mutagens)

A NEW IN VIVO METHOD FOR DETECTING MUTAGENS AND
CARCINOGENS IN HUMAN TISSUES AND ORGANS

T. Nomura

Faculty of Medicine, Osaka University, Suita, Osaka, Japan

To study the influence of environmental mutagens and carcinogens to human
populations, it is a matter of great importance to investigate their direct effects on
human tissues and organs. However, such an experimental system has not been
established except for examination of peripheral blood cells or using cultivated human
cells.

In the Department of Radiation Biology, Faculty of Medicine, Osaka University,
we have succeeded to maintain normal (skin, thyroid gland, lung, liver, stomach and
intestinal mucosa. etc.) and benign/prcneoplastic (colon polyp, follicular adenoma of
the thyroid, papillomas of larynx and tongue, pleomorphic adenoma of parotid gland,
parathyroid adenoma, endometrial hyperplasia, hydatidiform mole, etc.) human tissues
for several mouse generations in the T and B cell function deficient SCID (severe
combined immunodeficient) C.Bll/N-scid/scid mice improved by the selective
inbreeding of homozygous (scid/scid) male and female mice, which showed
undetectable serum IgG and IgM (< 1 /<g/ml), while it was difficult to maintain these
human tissues in nude mice and also in leaky SCID mice. Similar results have been

also observed in C3HIHeJ IN-scid/scid and C57BL/6JIN-scid/scid; bgJ/bgJ mice into
which Lps nonresponding and NK function deficient genes were introduced,
respectively. Thesr transplanted human tissues were well maintained morphologically
and functionally, e.g., human parathyroid hormone and chorionic gonadotropin were
detected in the blood or urine for more than one year in the C.B17'IN-scid/scid mice in
which human parathyroid adenoma or hydatidiform mole was subcutaneouslv
transplanted, respectively. Consequently, human organs and tissues maintained in
SCID mice provide an invaluable experimental system for the study of human beings.
This SCID technology also enabled us to study in vivo influence of environmental
mutagens and carcinogens to human organs and tissues. For example, varieties of
mutations of p53 and ras genes have occurred in the human lung, liver, stomach,
thyroid gland, colon and also in some prencoplastic tissues spontaneously and after
exposure to radiation and chemical carcinogen/mutagens, DMBA and MNNG. After
exposure to total dose (7 x 105 J/m2) of ultraviolet light B (UVB) for several mouse
generations (~2 years) with/without TPA treatment, furthermore, keratosis and
squamous cell carcinomas were induced in human skin. As for chemical treatment,
however, fibrosarcomas were often induced in the surrounding mouse tissues where
DMBA-treated human materials were transplated. Strange is that a few human
originated anaplastic neoplasias developed after transplantation of human benign
tumors and normal tissues. Malignancies //; situ might have grown unexpectedly in
SCID mice.
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GENETIC ANALYSIS OF CHILDREN OF ATOMIC BOMB SURVIVORS

C. SatohT N. Takahashi, J. Asakawa, M. Kodaira
Radiation Effects Research Foundation, Hiroshima, Japan

Studies are under way for the detection of potential genetic effects of atomic
bomb radiation at the DNA level in the children of survivors. We have developed
methods of screening for mutations and have carried out a pilot study to examine the
effectiveness of the techniques and to compare various types of sequences as targets.
As samples for the screening, we have established cell lines from B-lymphocytes from
800 families composed of father-mother-child trios. In half of the families (exposed
families), one or both parents were exposed to A-bomb radiation of more than 0.01 Sv
and the other half is composed of control families.

In the pilot study, we have examined six minisatellites and five microsatellites in
100 families, 50 exposed families with 64 children for whom average parental gonadal
dose is 1.9 Sv and 50 control families with 60 children. These families are a
subsample of the 800 families. We detected a total of 28 mutations in three
minisatellites. The mean mutation rate per locus per gamete in the six minisatclliies
was 1.5% in exposed gametes and 2.0% in unexposed gametes. We detected four
mutations in two tetranucleotide repeat sequences bin no mutations in three
trinucleotide repeat sequences. The four mutations were detected only in alleles
derived from unexposed parents, the average mutation rate per locus per gamete being
0.5% for the unexposed gametes and 0% for the exposed gametes. No significant
differences in the mutation rates between exposed and unexposed gametes were
detected in these repetitive sequences.

For the detection of deletion/insertion/rearrangement type mutations in single
copy sequences, we have introduced a new two-dimensional gel electrophoresis (2-DE)
approach reported by Hatada et al. (1991) which provides over 2000 DNA fragments
(spots) from a genomic DNA digest on a single gel without using any probes. We used
Notl as one of three restriction enzymes to digest the DNA and the resulting Notl sites
which are frequent in the unmethylated "CpG islands" are labeled with 32P. This
strategy assures that a high proportion of visualized fragments result from active genes.
Because a fresh mutation would usually be detected in heterozygotes with one normal
and one mutated allele, a quantitative analysis searching for a 50% decrease in spot
intensity is required. Examination by 2-DE of the 100 families is being carried out
using an image analyzer equipped with computer algorithms developed at the University
of Michigan. For characterization of mutant fragments, we have prepared a genomic
DNA library and have developed methods for target cloning of selected DNA spots on
the 2-DE gels.
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NEW DIRECTIONS IN THE ASSESSMENT OF REPRODUCTIVE AND
DEVELOPMENTAL TOXICANTS

M. D. Shelby

National Institute of Environmental Health Sciences, Research Triangle Park,
North Carolina, USA

The Reproductive Toxicology Group at NIEHS supports and conducts
conventional teratology studies and standard assessments on the adverse effects
of chemicals on reproductive system structure and function. In addition, an
increasing number of studies are designed to 1) address specific and well-defined
human health issues and 2) extend characterization of chemical toxicity by
investigating periods of sensitivity that have not been routinely assessed. Four
examples of such studies are presented below.
1) Work from this program has demonstrated that certain pregastrulation stages
of the developing mouse are uniquely sensitive to the effects of such chemicals
as ethylene oxide and retinoic acid. Brief exposures only hours or a few days
following conception were shown to disrupt normal development later in gestation.
This work has dispelled the notion that exposure at such an early stage of
development could not lead to structural abnormalities.
2) Based on concern that estrogenic (or other endocrine disruptive) chemicals
in the environment may be adversely affecting human reproduction and tumor
rates, studies will be conducted to assess the effects of lifetime, multigeneratioiial
exposures to estrogenic chemicals. Both the structure and function of male and
female reproductive systems will be assessed in rats and tumor incidences in
reproductive tissues will be determined.
3) The issue of childhood exposures to pesticides and subsequent adverse effects
on the development of the reproductive, immune, and nervous systems has been
raised by a recent report from the National Research Council (USA). In response,
a series of pesticide studies are underway to assess effects on these 3 systems
following exposure from the last week of gestation to sexual
maturity.
4) A growing number of premenopausal women are being administered tamoxifen
as a breast cancer preventative. Because of its hormonal activities, questions
arise as to its effect on female fertility and on the development of offspring
conceived during tamoxifen treatment. Standard tests are being conducted to
determine reproductive and developmental effects in rats. These tests will be
followed by additional studies on female fertility effects and on development of
offspring following exposure prior to conception or early in gestation.
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CHROMOSOME ABNORMALITY IN HUMAN GAMETES BY EXPOSURE TO MUTAGENS

Y. Kamiguchi, H. Tateno and K. Mikamo
Department of Biological Sciences, Asahikawa Medical College, Asahikawa,
Japan

Cytogenetic study of human gametes is important in assessing genetic
(transgenerational) effects of various mutagens. Owing to the develop-
ment of an interspecific in vi tro fer t i l izat ion system between human
spermatozoa and zona-free hamster oocytes, direct analysis of human
sperm chromosomes has become possible. Human oocyte chromosome study
has also become popular through the wide use of 1VF technique. We
review here the previous studies on chromosome abnormality in human
gametes exposed to mutagens.

1. Sperm chromosome studies: (a) In vi t ro effects of mutagens: A
marked increase in s t ruc tura l chromosome aberrations has been reported
in X-, gamma-, and beta-irradiated spermatozoa. Dose-dependent in-
creases of chromosomally abnormal spermatozoa were linear within a low
dose range (0.1-2 Gy), showing nearly the same rate in each kind of
radiation. Exposures to acute and chronic gamma-rays showed similar
dose effects in inducing sperm chromosome aberrations. A marked in-
crease in s t r u c t u r a l chromosome aberrat ions has also been reported in
spermatozoa t rea ted with antineoplastic agents such as bleomycin, dauno-
mycin, methyl methanesulfonate, triethylenemelamine, but no clastogenic
effect has been found with cyclophosphamide, mitomycin C and 2,3,7,8-
tetrachlorodibenzo-p-dioxin. Microwave irradiation has also been shown
to have no chromosome-damaging effect. All of these findings were
obtained by us. (b) In vivo effects of mutagens: Several investigators
have carried out sperm chromosome analysis in patients having undergone
radio- and chemotherapy; spermatozoa were exposed to the therapeutic
agents at their spermatogonial stage. However, results are not consist-
ent. Some investigators found significant increases in both numerical
and s t ruc tu ra l chromosome aberrations, but the others did not. (c)
Methodological improvements: Recently, sperm chromosome analysis has
become more convenient with the use of frozen-thawed human spermatozoa
and frozen-thawed hamster oocytes for in vi t ro fert i l izat ion. It has
been shown that cryoprcscrvation of these gametes does not affect the
frequencies of chromosome aberrations. Furthermore, G-banding method
and chromosome painting method by FISH have been developed and more
precise analysis of sperm chromosomes has become possible.

2. Oocyte chromosome studies: Spontaneous incidence of chromosome
aberrations in unfertilized human oocytes has been studied by many
investigators. However, there is no report on the effects of mutagens
on oocyte chromosomes because of difficulties using them for mutageni-
city test. This kind of study still has to rely upon animal models. In
murine oocytes, there is much evidence of the induction of aneuploidy by
chemicals and of the induction of structural chromosome aberrations by
radiation.
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FUTURE RESEARCH DIRECTIONS TO STUDY GENETIC DAMAGE IN
GERM CELLS AND ESTIMATE GENETIC RISK

I.-D. Adler
GSF-lnstitut fur Saugetiergenetik, Neuherberg
D-85758 Oberschleissheim, Germany

A parallelogram model to estimate genetic risk to humans based on
experimental data in somatic cells (peripheral blood) of exposed animals and
humans and on data from progeny studies of exposed animals (mice) was
developed by Frits Sobels (Mutation Res. 212, 77-89,1989). Recently, an
extension to the original parallelogram model was proposed to bridge the gap
of extrapolation between rodent and human germ cells by studying sperm
samples (Adler et al., Mutation Res., 1995, in press). The step of extrapolating
from mutation rates in somatic cells to rates of genetically altered progeny is
extremely wide. The comparison in the parallelogram of rodent/human sperm
data with data from rodent progeny tests to derive at an estimate of human
progeny at risk is more promising. Therefore, data on all possible endpoints,
DNA adducts, mutations, chromosomal aberrations and aneuploidy, should be
obtained in sperm of exposed rodents and humans. The technology from
somatic cell studies is available or adaptable to sperm studies (Parry et al.,
Mutagenesis 5, 209-212, 1990; Robbins et al., Am J. Hum. Genet. 52, 799-807,
1993; Singh et al., Exptl. Cell Res. 175, 184-191, 1988; Wyrobek et al., Mol
Reprod. Developm. 40, 259-266, 1994; van Zeeland et al, Env. Health Persp
62, 163-169, 1985). Sperm samples lend themselves to automated analyses
since they are a homogeneous cell population. By flow cytometry or image
analysis, large cell samples can be studied per individual. Animal experiments
could be conducted in the actual range of chronic human exposure to low
doses. The acceptability of extrapolation from the high acute doses so far used
in animal experiments to low chronic doses of human exposure could be
assessed. Proof could be obtained in human germ cells for the assumtion that
data from animal experiments can be extrapolated to humans. Data from
transgenic rodent systems may play an important role in the extension of the
parallelogram approach to genetic risk estimation by providing a link between
cancer and genetic risk estimates.
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MECHANISMS OF SPONTANEOUS HUMAN CANCERS

S. Venitt

Institute of Cancer Research, Sutton, Surrey. United Kingdom.

The origin of much of human cancer remains obscure. The proportion of cancer
that is 'spontaneous' is unknown, and cannot be calculated unless and until all
known external causes have been accounted for. This, of course, is not a
practicable proposition. However, there is substantial evidence that a major
proportion (about 80%) of human cancer could be avoided by reducing or
eliminating tobacco consumption, by changes in diet, by reducing infection with
certain viruses, bacteria and parasitic worms, and, for white skinned populations,
by avoiding sunburn. Alcohol, and occupational and medical exposure to
carcinogens also contributes to the cancer burden. Those cancers which cannot
be attributed to these causes, and for which no other causes can be found, could
be considered spontaneous, and to arise from endogenous processes. It is now-
acknowledged that cancer is a genetic disorder of somatic cells and thai mutation
of genes whose products control the cell cycle, maintain genomic stability and
mediate programmed cell death (apoptosis) is central to carcinogenesis.
Endogenous processes that enhance somatic mutation comprise several classes.
The first includes those genetic accidents that depend on the intrinsic properties
of DNA molecules and the enzymatic machinery that replicates and proofreads
them during each cell cycle. These include spontaneous depurination and
depyrimidation of DNA in the aqueous milieu of the cell, mismatch and
proofreading errors during DNA replication, and deamination of 5-methylcytosinc
at CpG dinucleotides to produce C to T basepair substitutions. A second class
includes insults to DNA and its replication imposed by products of metabolism,
the most notable being oxidative DNA damage caused by oxygen free-radicals
produced by normal aerobic metabolism. A third class consists of deficiencies in
those mechanisms that have evolved to protect cells against genetic accidents.
These include defective DNA excision-repair, low levels of antioxidants, and
anti-oxidant enzymes (e.g. superoxide dismutase), low levels of nucleophiles (e.g.
glutathione) that trap DNA-reactive electrophiles, and defects in enzymes, (e.g.
glutathione-S-transferase) that conjugate nucleophiles with DNA-damaging
electrophiles. Suboptimal concentrations of substrates (e.g.S-adenosylmethionine)
that are involved in biomethylation of DNA might also contribute to spontaneous
mutation. Mechanisms underlying these three classes are all under genetic control.
Thus, germline mutations or polymorphisms of genes that govern them may also
contribute. Simple bad luck (random mutation of a critical gene at a crucial
moment) may also play a role in spontaneous cancer.
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THE ROLE OF INDIVIDUAL SUSCEPTIBILITY IN CANCER BURDEN RELATED
TO ENVIRONMENTAL EXPOSURE

H. Bartsch
Deutsches Krebsforschungszentrum, Heidelberg, Germany

Individual susceptibility to cancer may result from several host factors, including
differences in metabolism, DNA repair, altered expression of proto-oncogenes and tumor
suppressor genes, and nutritional status. Since most carcinogens require metabolic
activation before binding to DNA, individual features of carcinogen metabolism play an
essential role in the development of environmental cancer. Variations in an individual's
metabolic phenotype, i.e. phenotypic polymorphism, have been detected in a variety of
enzymes involved in activation and detoxification of chemical carcinogens. This
phenotypic metabolic variation has now been related to genetic polymorphisms. A
growing number of genes encoding carcinogen-metabolizing enzymes have been
identified and cloned. Consequently, there is increasing knowledge of the allelic variants
or genetic defects which give rise to the observed variation. Development of simple PCR-
based assays has enabled identification of an individual's genotype for a variety of
metabolic polymorphisms with precision. Also new polymorphisms have been recognized.
Thus, recent knowledge of the genetic basis for individual metabolic variation has opened
new possibilities for studies focusing on increased individual susceptibility to
environmental cancer.
Many of the polymorphic genes of carcinogen metabolism show considerable ethnic
differences in gene structure and allelic distribution, which has been underlined as a major
obstacle for extrapolation of results between different ethnic groups. Cancer susceptibility
due to chemical exposure is likely to be determined by an individual's phenotype for a
number of enzymes, both activating and detoxifying, relevant to that of a single
carcinogen or mixtures of carcinogens. Given the number and variability in expression of
carcinogen-metabolizing enzymes now identified and the complexity of chemical
exposures, assessment of a single polymorphic enzyme or genotype may not be sufficient.
Mutations in the p53 gene are among the most common genetic changes in human cancer.
The frequency and type of p53 mutations can act as fingerprint of carcinogen exposure
and may therefore provide information about external etiolos'ical agents and internal
factors affecting the tumorigenesis process. In human lung cancer, p53 mutations, both
the mutation pattern and frequency, have been linked with tobacco smoking. The type of
mutation most frequently observed in lung cancer is G:C to T:A transversion, a type of
mutation preferentially induced by benzo[a]pyrene diol-epoxide. Furthermore, an
association between the genotype deficient in glutathione S-transferase Ml-mediated
detoxification and the presence of G:C to T:A transversion has been observed in lung
cancer. These findings suggest that investigation of the p53 mutation pattern in relation to
metabolic 'at risk' genotypes and levels of DNA adducts in target tissues should allow to
identify susceptible subgroups/individuals in exposed populations.
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DNA REPAIR DEFICIENCY AND CANCER SUSCEPTIBILITY

William W. Au, Gregg S. Wilkinson, Stephen K. Tyring1, Marvin S. Lcgator,
Randa LI Zein, Lance M. Ilallberg, Moon Y. IIco2

Departments of Preventive Medicine and Community Health, and
Dermatology, The University of Texas Medical Branch, Galvcston, TX 77555-

1110, USA. and "College of Pharmacy, Kangwon National University,
Chuneheon. Korea.

Accumulation of multiple mutations in the development of cancer has been
hypothesized to be caused by the induction of a imitator phenotype in the early
stages of carcinogenesis. Recent evidence suggests that the imitator phenolype
is associated with DNA repair deficiencies. We have been using a challenge
assay to study exposed populations in order to test our hypothesis that exposure
lo environmental toxicants can induce DNA repair deficiency in somatic cells. In
our assay, lymphocytes will be irradiated in vitro and an increase of
chromosome aberrations in the challenged cells from toxicant-exposed
populations compared to non-exposed populations will be used to indicate
abnormal DNA repair response, l-'rom studies of cigarette smokers, butadiene-
exposed workers and uranium-exposed residents, the assay shows that these
exposed populations have mutagen-induced abnormal DNA repair response.
The phenomenon is also demonstrated under controlled experimental conditions.
Mice were exposed in vivo to methyl-nitro-nitroso-guanidine and their
lymphocytes were challenged in vitro. These challenged lymphocytes show a
dose-dependent increase of abnormal DNA repair response. In a population
which is potentially exposed to teratogen (mothers having children with neural
lube defects), lymphocytes from the mothers do not have the abnormal response
in our assay. In studies with patients, we have reported that lymphocytes from
Down syndrome patients have the abnormal DNA repair response.
Lymphocytes from skin cancer-prone patients (lipidermodysplasia
Verueilbrmis) have normal response to gamma-ray challenge but abnormal
response to UV-light challenge. These patient studies indicate that the challenge
assay is useful in documenting the radiosensitivity of Down syndromes and the
UV-sensitivity in HV patients. Our series of studies indicate that chronic
exposure lo environmental toxicants can cause DNA repair dellciences which
increases the risk for development of cancer. The repair deficiency is currently
being validated using the CAT host-medialed assay. Supported in parts by a
grant from the US Hnvironmental Protection Agency (R 821003) to W.W. Au.
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GENETIC EFFECTS OF LOW LEVEL EXPOSURE TO SOLVENTS, PUBLIC HEALTH
IMPLICATIONS

MS Legator, WW An, MM Ammcnlicuscr, and JB Ward, Jr.
Department of Preventive Medicine and Community Health, University of Texas Medical
Branch, Galvcslon, Tx

Recent data would suggest that extrapolation from high dose animal experiments to man may
seriously underestimate the effect of some chemicals.
Benzene is known to interact with pluripotcnt stem cells and induce hematopoietic neoplasms.
Benzene and its metabolites compete for some of the same metabolic enzymes. This may result
in complex changes in benzene metabolism with dose. Thus, studies of benzene metabolism at
high doses may not accurately predict effects at doses experienced by humans. We have
reported increased frequencies of somatic cell mutations and chromosome damage after
chronic inhalation exposures up to 100 ppb, but a diminished response at 1000 ppb. An
increase in phase II enzyme activity, inhibition of phase 1 enzymes by metabolites, and the
kinetic characteristics of competing metabolic pathways may contribute to the observed dose
response pattern. These studies would therefore indicate that chronic low exposure to benzene,
at levels approaching ambient air levels, may be of concern. Animal studies, including
pharmacokinetic experiments, with 1,3 butadiene would not have predicted the increase in
somatic mutations and DNA repair abnormality detected in humans exposed in the low ppm
range. Although mice have a higher capacity than rats to metabolize butadiene at high doses,
the differences in metabolism between these species are small at low doses. As with benzene,
the high level exposures may not reflect the true toxic effects at lower levels. 1,1,1
Trichloroethane (TCE) is mutagenic in the Ames test and positive in cell transformation
studies. Teratogenic effects of TCE in rats and chickens were observed at low doses but not at
higher doses, although one low dose study in rats was questionable. Of considerable
importance are recent human studies which indicate that male occupational exposure to TCE
may significantly increase the risk of spontaneous abortion. Although most of the TCE is
excreted unchanged, trichloroacetic acid is one of the identified metabolites. The possible role
of this metabolite after low level chronic exposure will be discussed to indicate why a
discrepancy may exist between low level and high dose exposures. Non-linearity of toxicity at
high doses has important implications for establishing human health risks at lower exposures.
More emphasis should be placed on the evaluation of biological effects of chemicals at doses
relevant to humans.
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CYTOGENETIC INVESTIGATIONS OF WORKERS OF DIFFERENT CHEMICAL
INDUSTRIES

V.S. Zhurkov and A.N. Sysin

Research Institute of Ecology and Environmental Hygiene, AMS, Moscow, Russia

The evaluation of mutagenic effect of occupational factors includes three
moments: the inventory of mutagens; the assessment of genotoxic effects in workers;
the biological indication of mutagenic activity of chemical pollution of air, waste, by-
products, etc. The analysis of chromosomal aberrations in the lymphocytes of
peripheral blood is the main method for assessment of genotoxic effects of
occupational factors in workers. The information obtained from such studies will aid
in the clarification of the following issues: the reality and the extent of occupational^
induced cytogenetic damage; the identification of causative mutagens or potentially
dangerous situations; evaluation of the effectiveness of hygienic or technological
measures; identification of individuals or groups at high risk.
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USE OF GENETIC TOXICOLOGY DATA IN U.S. EPA RISK ASSESSMENT;
THE MERCURY STUDY REPORT AS AN EXAMPLE

R.S. Schoenv

National Center for Environmental Assessment - Cincinnati, U.S. EPA, Cincinnati,
Ohio, U.S.A.

Assessment of human health risks of environmental agents has often been limited to
a consideration of the potential for the agents to cause cancer or general systemic
toxicity after long-term exposure. The U.S. EPA in increasingly moving forward the
development of integrated assessment which considered all potential health endpoints
including developmental toxicity, neurotoxicity, immunotoxicity, reproductive effects
and germ cell mutagenicity. The EPA mandate also specifies that risk to nonhuman
species or ecologic risk assessment be done when appropriate. An example of a recent
integrated human health and ecological risk assessment can be found in the U.S. EPA
mercury Study Report Congress. This report covers the following topics in separate
volumes:an inventory of anthropogenic mercury emissions in the U.S.; an exposure
assessment suing measured and modeled values and including indirect, dietary
exposure; an evaluation of human health risk; an assessment of ecologic risk wherein
water criteria are presented for several wildlife species, an overall integrated
characterization of human and non-human risk, and discussion of risk management
considerations.

In the evaluation of human health risk genetic toxicology data were considered for
three forms of mercury (elemental, inorganic and methylmercury) and were used in
judgements of two types of potential health effects (carcinogenicity and germ cell
mutagenicity). In assessment of potential carcinogenicity in the absence of
mutagenicity supported the characterization of inorganic and methylmercury as
materials high produce carcinogenic effect only at high, toxic doses, the evidence for
clastogenicity coupled with information on metabolism and distribution of resulted
in a judgement of a moderate degree of concern (or weight of evidence) that inorganic
mercury can act as a human cell mutagen. For methylmercury the degree of concern
for germ cell mutagenicity is high. Genetic toxicity data played a lesser role in the
evaluation of wildlife risk from mercury exposure but were discussed in the context
of the over all characterization of risk.



F4-1

Forum 4 (Methodological problems)

EXPOSURE ASSESSMENT IN EPIDEMIOLOGICAL AND GENETIC
BIOMONITORING STUDIES

Marja Sorsa
Finnish Institute of Occupational Health, Helsinki, Finland

Reliable risk assessments on human health effects need epidemiological studies. Poor
exposure assessment is a frequent problem in epidemiological studies, leading to dilution
of the end effects studied. Big hopes in defining the exposures in disease epidemiology
have been put in application of individual biomarkers in epidemiologic study designs,
thus allowing better focusing of the true exposure levels with less individuals to be
studied.

Both exposure and effect biomarkers are available, the former comprising e.g. of analysis
of the exposing agent or its known metabolite in body fluids, excreted mtitagens or
adducts formed in body proteins. Effect biomarkers include parametres as DNA adducts,
point mutations or cytogenetic endpoints usually studied in non-target surrogate cells.
Effect biomarkers, however, measure accumulated effects which may relate back to
exposures several years ago. Correlation of acute exposure indicators or spot ambient air
measurements to epidcmiologic outcome or to effect indicators such as cytogenetic
endpoints may lead to erroneous results.

Argumentations presented by Scott and Preston (1994), relating to the use of exposure
and effect biomarkers of styrene are discussed as an example. Styrene exposure
measurements, air levels and biomonitoring data depict very recent exposure, while
cytogenetic endpoints reflect effects of a much longer exposure period. Dose effects
should be evaluated by comparing long term exposures with competent knowledge on
the work tasks and their related exposures. Proper understanding of variations in
interindividual responses may additionally require knowledge on the metabolic genes and
their polymorphisms, this task is just in the very beginning.

Scott D, Preston RJ. A re-evaluation of the cytogenetic effects of styrene. Mutat. Res.
318 (1994) 175-203.
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SINGLE-CELL VISUALIZATION OF P53 ACTIVATION BY BENZ(A)PYRENE-
DIOLEPOXYDE-INDUCED DNA STRAND BREAKS.

B. van Agen, F.J. van Schooten, H. Popeijns and J. Kleinjans
Department of Health Risk Analysis and Toxicology, University of Limburg,
Maastricht, The Netherlands

Activation of the tumor suppressor gene p53 supposedly leads to cell cycle arrest in the
Gl phase which in situations of increased DNA damage may facilitate DNA repair and
as a consequence, cell survival potential, or to programmed cell death as a selection
mechanism against too heavily damaged cells. p53 activation may be triggered by DNA
single or double strand breaks which as has been repeatedly demonstrated, can be
induced by for instance environmental carcinogens such as polycyclic aromatic hydro-
carbons. Aiming at the development of markers for p53 activation applicable in humans,
the purpose of the present study was to investigate this hypothesized sequence of events
at the single cell level in cell cultures of human origin. We used PHA-siimulated peri-
pheral blood lymphocytes (PBLs) from a healthy male donor, as well as human
embryonic lung cells (HEL 299 obtained from ATCC, USA), and exposed respective
cell cultures for 24 hrs. to 5 |lM of the DNA-reactive benz(a)pyrcne metabolite anti-
BPDE (PBLs), or to a range of 1 nM to 5 uJvl of anti-BPDE (HELs), applying DMSO as
solvent control. After exposure, PBLs were fixed in ethanol and microscopic slides were
prepared using regular proceedings; HELs were cultured on coated microscopic slides
for 24 hrs before treatment, and after anti-BPDE exposure fixed in ethanol. The presence
of both single and double DNA strand breaks was demonstrated by DNA polymerase-
mediated incorporation of biotin-labeled dUTP using streptavidine-FITC (yellow) for
visualization. In order to demonstrate adduct formation and p53 activation
simultaneously, BPDE-DNA adducts were bound to rabbit anti-DNA-BPDE antibodies,
and visualized by biotin-labeled mouse-anti-rabbit second antibodies also applying
streptavidine-FITC. In the second phase, p53 wild type protein was bound to mouse
anti-p53 antibodies (DO 7 obtained from Novacastra, UK) and visualized by biotin-
labeled rabbit-anti-mouse second antibodies using streptavidine-TRITC (red). Cells were
counterstained by DAPI (blue). In both cell types we observed BPDE-DNA adducts in
most cells while strand breaks as well as p53 expression occurred heterogeneously,
indicating inter-cell differences in susceptibility of DNA strand break-inducing
mechanisms as well as p53 activation. DNA adduct formation and p53 expression will
also be quantified applying 32P postlabeling and Western blotting techniques.
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S-PHENYLCYSTEIN, A POTENTIAL BIOMARKER OF BENZENE EXPOSURE

T. Anttinen-Klemetti1'2, K. Peltonen1'2, R. Vaaranrinta1'2 and M. Sorsa1

1. Finnish Institute of Occupational Health, Helsinki, Finland
2. Molecular Dosimetry Group, FIOH

Benzene is a common occupational and environmental pollutant. Major sources
of environmental benzene are petroleum products and car exhausts. Benzene is
also detected in cigarette smoke. Chronic exposure to benzene suppresses bone
marrow functions and causes anemia, chromosomal aberrations and leukemia in
humans.

Benzene is metabolized primarily in the liver by cytochrome P-450
monooxygenase (CYP 2E1), resulting in the formation of benzene oxide (BO), a
reactive intermediate of benzene. BO can be further metabolized to other
electrophiles, such as benzoquinone, hydroquinone and muconaldehyde.
Muconic acid level in urine is one of the biomarkers used to measure benzene
exposure. The biologically effective dose of benzene exposure can be monitored
by using a cysteine adduct of BO in blood proteins. S-phenylcysteine (SPC)
results from the addition of benzene oxide to ?. cysteine sulfhydryl group.

We have compared two different analytical methods to detect SPC. In the first
method SPC is methylated with acetyl chloride in methanol and acylated with
deuterated acetic acid anhydride. As an external standard we have used
commercial N-acetyl-S-phenyl-L-cysteine methyl ester. The product was
detected by GC/MS operating in El-mode. As an other alternative SPC was
reacted with methane sulfonic acid in trifluoroacetic anhydride. The resulting
phenyltrifluorothioacetate was detected by GC/MS using NCI-mode.

These methods will be applied using human protein samples collected from
benzene exposed workers from a benzene processing plant and from a cokery in
Kohtla-Jarve, Estonia.

This study was supported by the CEC project EV5V-CT92-0221 funded via the
Academy of Finland (no. 93-8225).
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REPLICATIVE DNA SYNTHESIS (RDS) AND CYTOGENESIS IN RAT LIVER
INDUCED IN VIVO BY TWO TYPES OF METHYLATING AGENTS,
DIMETHYLNITROSAM1NE (DMN) AND METHYLNITOROSOUREA (MNU)

S. Asakura, S. Sawada, H. Daimon, H. Mochida and H. Shionoya
Department of drug safety research, Eisai Co., Ltd, Gifu, Japan

The induction of RDS, chromosome aberrations and sister chromatid exchanges
(SCEs) was studied in hepatocytes of F344 rats exposed in vivo to the melhylating
agents DMN (hepatocarcinogen) and MNU (non-hepatocarcinogen). Hepatocytes were
isolated a number of time intervals (up to 14 days) after a single oral administration of
DMN at a dose of 20 mg/kg body weight (bw) or MNU at a dose of 50 mg/kg bw, and
incubated in Williams' medium E (WE). In the cytogenetic assay, epidermal growth
factor was added to WE to proliferate the hepatocytes. 5-Bromodeoxyuridine was used
for RDS and SCE assays. In the DMN administration group, RDS transiently
increased for 2 days after administration and then decreased to less than the control
value thereafter. The percent of cells in S phase was 4.0% (day 2, maximum RDS)
and 0.1% (day 7 and day 14), while that in the control was 0.5%. Chromosome
aberrations induced by DMN was 28% and 21% of the metaphase cells 1 day and 14
days after a single administration, respectively. SCEs induced by DMN were 0.89 per
chromosome 1 day after administration, but returned to the control level 14 days after
administration. These results show that 1) DMN induces RDS, chromosome
aberrations and SCEs within a few days in rat liver in vivo, 2) after that, RDS is
inhibited and chromosome aberrations persisted at clear positive levels for a long time
(at least 14 days). We will also report the results of MNU administration groups.
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SCE AND MN IN SMOKERS AND NON SMOKERS

Barale R., A. Marrazzini, M. Bulleri, A. Lori.

Dipt. Scienze dell'Ambiente e del Territorio, Univ. di
Pisa, Italy.

The effect of cigarette smoking on SCE and MN frequencies in
lymphocytes was investigated in 430 smokers and 223 ex
smokers. Smoking habit is significantly associated with an
increase of SCE end a decrease of MN in binucleated
lymphocytes. In addition both effects are correlated to the
amount of smoked cigarette/day and, even better, with the
amount of calculated inhaled tar.
Ex smokers show a significant (p=0.03) decrease of SCE with
time, reaching the SCE level of non smokers after 8 years of
smoke quitting. In the same interval of years, the MN levels
of ex smokers significantly (p=0.03) increase and reach the
levels of non smokers. We have no reasonable explanation of
the unexpected results of MN assay.
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METHODOLOGICAL FACTORS AFFECTING SCE AND MN LEVELS IN LARGE
HUMAN MONITORING STUDY.

Barale R., C. Morizzo, M. Ballardin, F. Gemignani.
Dipt. Scienze dell'Ambiente e del Territorio, Univ. di
Pisa, Italy.

A cytogenetic surveillance on 1660 subjects living in Pisa
and surroundings was carried out undertaken in 1991 and
completed in 1993. SCE and MN frequency were evaluated.
Blood samples were distributed among three laboratory groups
for culturing, slides preparation, SCE analysis and scoring
for MN in binucleated cells. In order to reduce
experimental variability, culture media were prepeared by a
single technician and distributed through working groups. In
addition thecnicians and cytogenetists were continuously
cheked for their ability and moved from one group to another
according to their accuracy. In spite of that, multifactor
analysis of variance revealed a strong and significant
effect of working groups in SCE evaluation, but not for MN.
The time elapsed between blood sampling and culturing (24 h.
vs. 48 h) significantly modified SCE frequencies: therefore
all samples were cultured within 20 and 24 hs after their
collection. Significant seasonal fluctuations of SCE
frequencies were also observed. However, significant
variations among months, in the same season, were also
present. No apprecaible effects were observed among
different batches of media and cofactors emploied.
These findings strongly suggest the necessity 1) to match
controls to exposed subjects since blood sampling and
processing, 2) to complete the preparation of slidss in the
shortest period as possible and 3) to submit slides to the
same observers.
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1. Biomarkers of exposure and effects of mutagens and carcinogens.

OXIDATIVE DAMAGE TO DNA; HPLC AND SCGE COMPARED

A.R.Collins. M.Dusinska. M.Klaude and C.M.Gedik
Rowett Research Institute, Aberdeen, Scotland (ARC, CMG); Institute of
Preventive and Clinical Medicine, Bratislava, Slovakia (MD); Department of
Radiation Biology, Stockholm University, Stockholm, Sweden (MK).

Oxidised bases in DNA can be measured directly by HPLC. 8-hydroxydeoxy-
guanosine, as the most abundant oxidation product, is often regarded as an
indicator of oxidative stress. However, care must be taken to avoid artefacts
resulting from in vitro oxidation of guanine, during isolation, storage or hydrolysis
of the DNA. Estimates of endogenous 8-hydroxydeoxyguanosine levels in human
lymphocytes are generally around 1-2 for every 105 unaltered bases, which is
rather a high frequency in view of the potential mutagenicity of this base alteration
and of the presence of effective base excision repair pathways in eukaryotic cells.

An alternative approach to the measurement of oxidised bases employs single cell
gel electrophoresis (the comet assay), with lesion-specific enzymes - endonuclease
III, to detect oxidised pyrimidines, and formamidopyrimidine glycosylase (FPG),
which recognises 8-hydroxyguanine. We have shown that oxidised pyrimidines are
elevated in smokers compared with non-smokers, and that antioxidant
supplementation of the diet decreases the level of damage. Using FPG, we detect
only low levels of oxidised purines - orders of magnitude less than the levels
measured by HPLC.

We will present evidence relating to the serious discrepancy between these
alternative ways of measuring an important biomarker.
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HUMAN URINE MUTAGENICITY STUDY COMPARING CIGARETTES WHICH
BURN OR PRIMARILY HEAT TOBACCO.

D J Doolittle. S C McKarns, R A Davis, S D Livingston, B R Bombick, J T Avalos and
CJ Smith.
R J Reynolds Tobacco Co. Winston-Salem, NC, USA

Cigarette smokers have been reported to void urine which is more mutagenic, as
measured in the Ames assay, than urine voided by non-smokers. Condensate from the
mainstream smoke of a cigarette which primarily heats tobacco (new cigarette) showed
significantly reduced mutagenicity in a battery of/// vitro genotoxicity assays compared
with tobacco-burning cigarettes. The objective of this study was to determine whether
the reduction in mutagenic activity observed in the in vitro assays would be reflected in
the urine of smokers of the new cigarette. Twenty smokers were enrolled in double
crossover study, with each smoker consuming test cigarettes ad libitum for a week. Diet
was strictly controlled throughout the study. Smokers' mean salivary cotinine
concentrations did not significantly change while smoking the test cigarette. Twenty-
four hr urine samples were collected twice weekly, concentrated using XAD-2 resin and
tested in Ames strains TA98 and YG1024 with metabolic activation. Individuals who
smoked the new cigarette voided urine which was significantly less mutagenic than that
voided when they smoked their usual brand of cigarettes.
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THE INFLUENCE OF DNA REPAIR INHIBITORS ON DNA DAMAGED
BY B[a]P IN GENETICALLY ENGINEERED CELLS WITH
TRANSFECTED GENES FOR CYTOCHROME P4 50.

M. Dusinska, D. Slamenova, J. Doehmer

Institute of Preventive and Clinical Medicine, Limbova
14, 833 01 Bratislava, Slovak Republic (MD).

Department of Mutagenesis and Chemical Carcinogenesis,
Cancer Research Institute of Slovak Academy of
Sciences, Spitalska 21, 812 32 Bratislava, Slovak
Republic (DS).

Institute for Toxicology and Environmental Hygiene,
Technical University of Munich, Lazarettstrasse 62,
80636 Munich, Germany (JD).

Human (EUA and VH10) and hamster (SHE and V79) cells,
and V79 hamster cells transfected with cytochrome P450
genes, were treated with equimutagenic doses of B[a]P
or activated B[a]P, incubated in the presence or
absence of aphidicolin and ara C, and DNA strand breaks
were then measured by alkaline - unwinding and
hydroxylapatite chromatography. Activated B[a]P induces
in human and hamster cells DNA single strand breaks
(apparently identical with alkali- labile sites) which
are repaired very quickly. DNA repair inhibitors
(aphidicolin and ara C) caused only a very small
increase in the level of transient single strand
breaks. We conclude that the fraction of DNA lesions
repairable by nucleotide excision repair (inhibitable
by aphidicolin or ara C with accumulation of nicked DNA
repair intermediates) is very different in cells
damaged by equimutagenic doses of activated B[a]P and
UV light. Moreover the results from comparisons of
cells with differing cytochrome P450 activities suggest
that different modes of B[a]P metabolism can cause
different types of DNA lesions reflected in different
types of DNA repair.
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GENOTOXICITY OF SOME SELECTED AZO-DYES USING SHORT-TERM
i SCREENING TESTS: AMES TEST, MICRONUCLEOUS TEST, SCE TEST

AND UDS

E.DziubaUowska; E.Spiechowicz; K.Wyszynska; W.Chwialkowska-Liro; J.Palus
Nofer Institute of Occupational Medicine, Lodz, Poland

Genotoxic properties of 15 azodyes were assessed: eight monoaze dyes, four disaze

dyes and three poliaze dyes. These dyes are produced in one of the dye factory and

used mainly in the textile industry in Poland. The studies are performed using some

of short-term screening tests: Ames test, micronucleous test, sister chromatide

exchanges test and DNA repair synthesis test. Seven of these azo-dyes are revealed

the genotoxic properties in two or more of short-term tests. These were: Basic Red

22, Basic Orange 28, Acid Orange 7, Disperse Red 54, Reactive Brown 9, Acid

Black 194 and Direct Black 19:1. However, four of them have shown the

genotoxicity in only one of the used test. Direct Green 98 and Direct Black 22 have

been mutagenic for Salmonella typhimurium in the Ames and Direct Yellow 12 and

Direct Red 81 were genotoxic for the bone marrow of mice in the micronucleous test.

According to the criteries of IARC (1984), the genotoxicity of these dyes have to be

evaluated using different endpoints in the in vitro and/or in vivo studies. Only four of

these dyes: Reactive Blue 13, Acid Red 213, Direct Red 79, Direct Red 83 have not

revealed the mutagenic properties for the bacterial strain of Salmonella typhimurium

and the genotoxicity for the eucariotic cells in the other of used tests.
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DNA-ADDUCT FORMATION AND DNA REPAIR SYNTHESIS OF SELECTED
SYNTHETIC AND ENDOGENOUS STEROID HORMONES IN RAT LIVER

W. Feser. R. Reimann, R. S. Kerdar, H. Blode and P. Gunzel
Research Laboratories, Schering AG, 13342 Berlin, FRG

The possible mechanisms responsible for the development of tumors induced by
steroid hormones are presently under discussion, particularly, since reports
concerning the DNA-adduct inducing potential of cyproterone acetate (CPA) were
published. Here we report investigations on the potential of the steroid hormones
chlormadinone acetate (CMA), cyproterone acetate (CPA), megestrol acetate (MGA),
norethisterone acetate (NET-Ac), gestodene (GEST), ethinylestradiol (EE2), estradiol
(E2), and progesterone (P) to induce DNA-adduct formation in rat liver in vivo and
DNA repair synthesis in rat hepatocytes in vitro.

For DNA-adduct analysis, groups of Han Wistar rats comprising three female and
three male animals received one of the treatments: 10 mg CPA/kg/d, 10 mg
CMA/kg/d, 10mg MGA/kg/d, 10mg NET-Ac/kg/d, 0.5 mg GEST/kg/d, 0.2 mg
EE2/kg/d, 2 mg E2/kg/d, or 100 mg P/kg/d. The respective drug was administered
daily intragastrically as a microcrystalline suspension over a period of 14 days. Three
male and three female rats, which received the vehicle daily over the same period of
time, served as controls. The liver was removed from each animal 24 h after the last
administration. The DNA-adduct analysis was performed using the 32P-postlabeling
technique with nuclease P1 enrichment.
The potential to induce DNA repair synthesis (UDS-response) was investigated with
the steroids CMA, CPA, MGA, NET, GEST, EE2, E2 and P. Freshly isolated primary
hepatocytes from female and/or male rats were exposed io the test articles for 18 h in
the presence of ^H-TdR (methyl-^H-thymidine) and the uptake of radioactivity was
determined by autoradiography. An appropriate reference mutagen (2-AAF) was used
as a positive control.

Compound related DNA-adduct spots were detected in liver of male as well as female
rats after administration of CMA, CPA, and MGA. In addition, substance specific
adducts were also observed in the liver DNA of male rats after administration of E2.
The other compounds investigated showed no DNA-adduct formation under these
experimental conditions. With CMA, CPA, and MGA, the relative adduct labeling
(RAL) was higher in samples of female animals than of males. The DNA-adduct
patterns as well as the DNA-adduct levels were different among these three
structurally closely related steroids.
Investigations into unscheduled DNA synthesis in hepatocytes from female rats
showed a reproducible, dose dependent increase in nuclear and net grain counts
only after incubation with CMA, CPA, and MGA but not with the other steroids
investigated. No repair synthesis was observed in hepatocytes from male rats.
The intensity of repair synthesis did not correlate with the DNA-adduct formation.
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DNA ADDUCTS IN THE HUMAN NASAL MUCOSA

S. Flato1, K. Hemminki2, E. Thunberg1 and A. Georgellis1

1 Dept. of Internal Medicine, Div. of Occupational Medicine and 2 Center for

Nutrition and Toxicology, Karolinska Institute, Huddinge, Sweden.

Since humans are predominantly nose breathers and the ventilation

rates through the nasal passages can exceed 10,000 liters per day, the cells

lining the nasal passages are the first to come in contact with air pollutants.

There is, therefore, every reason to believe that inhaled air pollutants might

provide adverse effects on the nose mucosa cells.

The human nasal mucosa contains high levels of xenobiotic-

metabolizing enzymes, e.g., cytochrom P-450 isozymes, epoxide hydrolase,

glutathione S-transferase and DT-diaforase. These high levels of xenobiotic-

metabolizing enzymes are probably necessary to rapidly metabolize and

remove the inhalated xenobiotics, however, promutagens and procarcinogens

could be activated by this nasal biotransformation and interact with proteins

as well as DNA, forming DNA adducts. Thus, DNA adducts, in the human

nasal mucosa, formed by inhalated chemical carcinogens can be used as

biomarkers of exposure.

The present study demonstrates that using the nasal lavage procedure

105-106 cells from the nose mucosa were obtained (10-15% epithelial cells,

75-85% granulocytes, 5-10% monocytes and 1-2% lymphocytes) from which

10-200 fig DNA were isolated. DNA adducts were analysed by 32p_

postlabeling assay. In addition to its simplicity, the nasal lavage procedure is

an inexpensive, noninvasive procedure that requires no anesthetics or special

equipment.
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GENOTOXIC EFFECTS OF CHEMICALS EVALUATED WITH COMET ASSAY IN
PERIPHERAL HUMAN LYMPHOCYTES.

G.Frenzilli, S.Pezzica and R.Barale

Dipartimento Scienze Ambiente e Territorio, Universita'
degli Studi di Pisa, via S.Giuseppe 22 56100, Pisa; ITALY.

In order to validate the Comet Assay as a new tool for the
detection of DNA damage in human lymphocytes, we
investigated the "in vitro" effect of 8 mutagens known to
induce different types of DNA damage.
The reference compounds gaye linear dose-effect
relationships and the lowest tested and effective doses
were, respectively: Mytomicin C (0.1/ig/ml) ; diepoxybutane
(2.6 /ig/ml); methyl mercury chloride (0.25 /xg/ml) ;
bleomycine (0.25 /ig/ml) ; 4nitroguinoline-l-oxide ( 0 . 9mg/ml) ;
ciclophosphamide ± S9 mix (5 /ig/ml); benzo(a)pyrene ± S9 mix
(1/ig/ml); Hydrogen peroxide (25 /ig/ml).
In addition, chemicals known not to induce DNA damage were
involved as negative controls in order to assess the
specificity of the Comet assay.

This contribution is part of the Ph.D. thesis of Dr. Giada
Frenzilli.
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FOLLOW UP OF LYMPHOCYTES DNA DAMAGE IN SMOKERS DURING SMOKING
GIVING UP, USING COMET ASSAY.

Frenzilli G. , Davini T., Betti C., * Desideri M., Giannessi
L., * Maggiorelli F. and R. Barale.

Dipartimento Scienze Ambiente e Territorio, Universita'degli
Studi di Pisa, via S.Giuseppe 22 56100, Pisa; ITALY.
*Reparto di Fisiopatoiogia respiratoria, Universita' degli
Studi di Pisa, via Paradisa 2 56100, Pisa; ITALY.

Single cell gel electrophoresis (Comet Test) is a simple
and sensitive method to reveal DNA strand breaks. It is
known that tobacco smoke contains many potential carcinogens
including polycyclic aromatic hydrocarbons, N-nitrosamines,
aromatic amines, aldehydes and halomethanes, whose
clastogenic effects are detectable by this technique.
Betti et al. (Mut. Res. 307, 323-333, 1994) showed an
increased response to the Comet assay in smokers
lymphocytes. A follow up on 80 smokers, who decided to quit
smoking, was undertaken to define the possible decrease in
DNA damage.
Some of them really quitted smoking, others only reduced the
number of cigarettes intaken, and other ones failed to quit
at all. After one year, a statistically significant
(p<0.005) reduction of DNA damage measured by DNA migration
was obserdved in those who completely quitted.
Moreover a positive correlation (p<0.005) was observed
between the means of comet lengths and the amount of
cigarettes smoked by those who continued or reduced smoking.

This contribution is part of the Ph.D. thesis of Dr. Giada
Frenzilli.
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CHROMOSOME PAINTING IN BIOLOGICAL DOSIMETRY: ASSESSMENT
OF THE ABILITY TO SCORE STABLE CHROMOSOME ABERRATIONS
USING DIFFERENT PAIRS OF PAINT PROBES

J.M. Garcfa-Sagredo. I. Vallcorba, A. Lopez-Yarto, M.C. Sanchez-Hombre,
M. Resino, and M.T. Ferro.
Department of Medical Genetics, Hospital Ramon y Cajal, Madrid, Spain.

To evaluate whether the ability and sensitivity to detect chromosomal aberrations by
chromosome painting is independent or not to the specific paint probes used we had
designed the following experiment: After in vitro blood exposure to 0.3 and 1 Gy of
Co60 gamma rays, lymphocytes from a normal donor, phytohemaglutinin
stimulated, were cultured for 48h. Chromosome spreads were hybridized with two
biotynilated whole-chromosome libraries and detected with fluorescein-labeled
avidin.

Whole chromosome libraries for chromosomes 1, 2, 3, 4, 5, 6, 7, 11,13, 16 and 18
were used, in sequences of two, to paint chromosomes looking for structural
aberrations -mainly translocations-.

To compare the rate of chromosome exchanges detected by different pairs of
chromosomes, data were normalized using a formula that considers the amount of
genome painted in each case. The final data were evaluate by unconditional logistic-
regression

Our results show that any combination of paint probes can be used to score induced
chromosomal aberrations because after data correction harmonizing the percentage
of aberration scored according to the paint probes used, we observed that the
amounts of translocations are dose dependent and quite homogeneous within each
dose of radiation independently of chromosomes painted. However the use of small
chromosomes probes is not recommended because of the high number of cells to be
analyzed due to the small amount of genome painted, and because it is more difficult
to detect translocations in small chromosomes.

Acknowledgment: This work was made in part by a grant from Fondo de
Investigaciones Sanitarias (FISS 93/662).
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USE OF THE WING SPOT TEST TO EVALUATE NITROSATION
INHIBITION

J GUZMAN RINCON1, U. GRAF2. AND J. ESPINOSA3

1 Departamento de Genetica, Instituto Nacional de Investigaciones
Nucleares, Mexico, 2 Institute of Toxicology, Swiss Federal
Institute of Technology (ETH) and University of Zurich, CH-8603
Schwerzenbach, Switzerland and 3 Instituto de Investigaciones
Biomedicas, UNAM, Mexico.

Nitrosamines are a group of chemical carcinogens which occur in
the environment and can be formed in vivo by endogenous
nitrosation in different parts of the body. Precursor molecules are
present in water, air, cigarette smoke and also in commonly used
drugs. Furthermore, potential precursor are contained in normal
dietary components and their reaction can be inhibited by nitrite
reducing agents. The purpose of this investigation is to evaluate
the application of the wing Somatic Mutation And Recombination
Test (SMART) in Drosophila melanogaster for the study of
endogenous nitrosation and its inhibition. Larvae derived from two
different crosses involving the recessive wing cell markers mwh
(multiple wing hairs) and fir3 (flare) were used (Standard cross,
ST; Improved high bioactivation cross, IHB). The larvae were
treated either with methyl urea or with sodium nitrite, and with
its combination. Methylnitrosourea was used as a positive control.
The wings of the resulting flies were analyzed for the occurrence
of mutant spots. Methyl urea is negative, whereas sodium nitrite
is weakly genotoxic in both crosses. The combination of both
compounds produces highly increased frequencies of mutations
and recombinations mainly in the IHB cross. Treatments of larvae
with the product(s) obtained after in vitro nitrosation with the two
compounds also resulted in high frequencies of induced spots
comparable to those recorded with the potent genotoxin
methylnitrosourea. Co-treatment with ascorbic acid reduced the
mutagenic activity observed. The effect of the kind of food source
used for larval feeding on the genotoxicity observed was also
investigated. The results demonstrate the usefulness of the
SMART test for the study of endogenous nitrosation and its
inhibition by natural constituents of the diet.
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SPONTANEOUS LENGTH VARIATION IN MICROSATELLITE DNA
FROM HUMAN T-CELL CLONES.

P. Hackman, G. Gabbani, A-M. Osterholm, D. Hellgren & B. Lambert.
Environmental Medicine Unit, Karolinska Institutet, CNT, Novum,
S-141 57 Huddinee, Sweden.

Satellite DNA are uninfonnative DNA repeats dispersed in multiple loci
throughout the genome. Short DNA-repeats of approximately 5 or less bases
are called microsatellite DNA. Length variations of these repeats have been
reported to correlate with some cancers. The aim of this work was to analyse
DNA from /;/;/7-T-lymphocyte clones derived from healthy male donors to
study the frequency of spontaneous length variations in micro satellite loci. We
used DNA from 178 clones from 28 individuals and examined three micro
satellite loci, D2S123 (168 clones) D9S18O (168 clones) and 1 OS 197 (178
clones).To detect length variations at these loci we amplified the DNA with
PCR using 32P-labelled dCTP. Then we separated the PCR products in a 6 %
polyacrylamide gel containing urea, and used autoradiography to visualise the
bands. Three to fifteen clones were studied from each individual. Three clones,
one of them D9S180 and two of them D10S197, showed a band size that was
different from that in the other clones of the same individual. In the case of
D2S123 we could not detect any variations between clones from the same
individuals. However a lot of variation was observed between the loci from
different individuals. The analyses were repeated with the same result. The
frequency of variation was thus estimated to 0.29 % per allele. To conclude, our
results suggests that microsatellite mutation occur with about the same low
frequency in peripheral T-lymphocytes in vivo as reported earlier in human
fibroblasts in vitro and in many tumor samples and tumor cell lines except
HNPCC related tumors which display a higher frequency of microsatellite
mutation. An increased frequency of microsatellite variation could possibly be
used as a marker of genetical damage.
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INCREASE OF 8-HYDROXYGUANINE REPAIR ACTIVITY IN RAT
ORGAN AND HUMAN LEUKOCYTES BY EXPOSURE TO OXYGEN
RADICAL FORMING CARCINOGENS

H.Kasai, R.Yamaguchi, S.Asami and T.Hirano
Department of Environmental Oncology, University of Occupational
and Environmental Health, 1-1, Iseigaoka, Yahatanishi-ku,
Kitakyushu 807, Japan

8-Hydroxyguanine (8-OH-Gua) is one of the major oxidative DNA
damages [1). 8-OH-Gua repair enzyme was purified from E.coli 12).
It has both 8-OH-Gua glycosylase activity and AP endonuclease
activity. Similar enzyme activity was also detected in mammalian
cells (3). It has been reported that 8-OH-Gua repair activity is
induced after cells were exposed to oxidative stress such as
ionizing radiation (4). Therefore, the measurement of 8-OH-Gua
repair activity will be useful to assess cellular oxidative stress.

22mer DNA which contains 8-OH-Gua at a specific position was
labeled with 32p a^ 5'-terminal and annealed with complementary
strand. This substrate DNA was incubated with a crude extract of
rat organ or human leukocytes. A DNA strand break was detected by
gel-electrophoresis and quantitated.

When renal carcinogen Fe-NTA was administered to rats, an
increase of 8-OH-Gua repair activity was observed in their kidney
within 6-24 hrs but not in non-target organ, liver. When this
method was applied to human leukocytes, a higher level of 8-OH-
Gua repair activity was detected in leukocytes of smokers
compared to non-smokers. A 7-times inter-individual difference
was observed in 8-OH-Gua repair activities of smokers.

Based on the 8-OH-Gua repair assay of each organ after
chemicals were administered to rats, it is possible to predict
carcinogenicity of the chemicals and target organ. It is also possible
to estimate cancer risk due to oxidative stress of each individuals,
based on the 8-OH-Gua repair assay of human leukocytes.

References
(1) H.Kasai and S.Nishimura (1984) Nucl.Acids Res. 12, 2137-2145
(2) M.H.Chung, et al. (1991) Mutat.Res., 254, 1-12
(3) F.Yamamoto, el al. (1992) Jpn.J.Cancer Res., 83, 351-357
(4) R.Bases, et al. (1992) Int.J.Radiat.Biol.,62, 427-441
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Analysis of butadiene monoepoxide DNA adducts as a marker of
butadiene exposure

Pcriii Koivisto ''^, Kimmo Pclloncn''^ and MarjaSorsa'
'instiluie of Occupational Health, Finland
-Molecular dosimctry group, Institute of Occupational Health, Finland

1,3-Butadicnc (BD) is a high volume production chemical used in polymer industry, but is
also a common environmental contaminant. BD has been found to be carcinogenic in
rodents and cpidemiological data suggest that it is probaby carcinogenic in humans. Species
diffcrcncics in the carcinogcnicity of BD between mice and rats have been demonstrated.
Long-term inhalation studies indicated that BD is clearly a potent multisile carcinogen in
mice. In a large study with rals, BD was carcinogenic onlv at the highest exposure levels.
BD is metabolised to muiagcnic and genotoxic cpoxides which may read wjih cellular
macromolccules and therefore form DNA adducls. The information derived from DNA
adducts can further be utilised in molecular dosimctry studies.

Small alkylation agents react mainly with the N-7 position of guaninc, but the other
alkylation sites in DNA have also been detected. We have been interesting in the capability
of butadiene monoepoxidc (BMO) to alkylatc the N6 position of adenine and the N-7
position of guaninc. Therefore we have synthesised the corresponding nucleo.side and
nuclcolidc standards of BMO, and developed a modified 32P postlabeling assay to analyse
the N6 alkylated dAdo products. To detect the N-7 alkylatcd guanines we have developed an
HPLC/electrochemical method.

In vitro analysis of BMO treated Ct-DNA showed a dose response related formation of both
kind of adducts. The N6 products was shown to be stable, while the N-7 products had a half-
life of 48 h. In vivo siudics rats were exposed cither to BMO (30 and 60 m»/kg) or to BD
(500 ppm for 5 days/6 h per day). In liver samples a clear dose response between the
exposure and the formation of N6 products were delected. Exposure to BD generated
adducts similar to BMO exposure. The analysis of the N-7 products formed in vivo is also in
progress.
The ultimate goal of this study is to look at the formation and stability of these specific
BMO derived adducts in DNA both in viiro and in vivo.

Financial support for the study was obtained from the projects CT 90-0152 and EV5V-
CT94-0543 of DG XII of the Commission of European Communities.
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QUANTITATIVE ANALYSIS OF N-7-(2-HYDROXYETHYL)GUANINE BY HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY/ELECTROSPRAY MASS
SPECTROMETRY AFTER IN VITRO EXPOSURE OF DNA TO ETHYLENE
OXIDE

L. Leclerq,, Ch. Laurent1, E. De Pauw2. G. Ghitti2

'Laboratoire O.R.M.E.; 2Spectrometrie de masse, Universite de Liege

Ethylene oxide is known for a long time as a potent carcinogen in animals,
but also in human populations. Its specific action on DNA is a direct
hydroxyalkylation involving a SN2 mechanism and resulting in the formation of 90%
N-7-(2-hydroxyethyl)guanine. In order to investigate further human biomonitoring
experiences, we first focussed our attention on the quantitation of this major EtO-DNA
adduct after DNA in vitro exposures to various doses of mutagen.

The experience was carried out using neutral thermal hydrolysis (NTH) (after
a 10 h DNA incubation with various precise doses of EtO at 37"C and constant pl-l).
NTH was achieved in order to isolate purine adducts (including N-7-(2-I IEt)Gua) from
apurinic DNA. Neutral thermal hydrolysis consisted in heating the exposed DNA at
100"C during 15 minutes. It was followed by a microconcentration step made to isolate
the fraction of interest from the unmodified DNA backbone. Quantitative and
qualitative analysis was carried out using Electrospray Mass Spectrometry coupled
to High Performance Liquid Chromatography (HPLC/ESMS).

The detection of adducts at very low exposure doses was achieved by the use
of Single Ion Recording of N-7-(2-HEt)Gua molecular ion (196 uma), whose signal
was submitted to integration in order to quantify the adduct by comparison with the
signal integration value of a known amount of internal standard (the major adduct
tetra-deutered analog, 4dN-7-(2-HEt)Gua). This method is known as standard isotope
dilution.

HPLC/ESMS was found appropriate for the purpose of EtO-DNA adducts
molecular identification and dosimetry after DNA in vitro exposure. Furthermore,
its qualitative approach coupled to a high sensitivity allows us to investigate a "multi-
DNA adducts" analysis involving a large number of known or potential occupational
and environmental carcinogens.
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CYTOGENETIC DAMAGE IN PERIPHERAL LYMPHOCYTES OF 300 HEALTHY
SUBJECTS

C. Milillo, F. Gemignani, A. Marrazzini, C. Morizzo, S.
Baldacci, T. Davini, A. Tessa, A. Strano, B. Pinto, L.
Chelotti, I. Sbrana, and R. Barale.
Dipt. Scienze dell' Ambiente e del Territories, Pisa
University.

Humans are exposed to numerous environmental agents that can
increase the probability of mutagenicity and
carcinogenicity. Cytogenetic monitoring of human populations
exposed to environmental agents had provided to be a useful
tool for detecting their mutagenic effects.
Analysis of chromosomal aberrations (CAs) in peripheral
lymphocytes is a sensitive cytogenetic assay for detecting
exposure to mutagens and carcinogens.
Spontaneous freguencies of CAs were assessed in three
samples of healthy individuals, living 60 in a rural area
(Porto Tolle), 134 in the city of Pisa and 106 in a small
town near it, Cascina, respectively.
The subjects were similar for sex, smoking, drinking habit,
and age.
Subjects living in Pisa showed CAs frequencies
significantly higher than those living in Cascina and Porto
Tolle both excluding (p=0.001) and including gaps
(p<0.000l) .
Multifactor ANOVA pointed out that CAs frequencies
increased significantly with age (p<0.000l excluding and
including gaps), confirming data from literature, and with
smoking habit (p=0.041 including gaps; p= non significant
excluding gaps).
Air pollution was suppposed to be a possible factor in
determining the observed differences among locations.
Levels air pollutants (SO2 and NOx) were more elevated in
Pisa and Cascina than in Porto Tolle.
In addition respiratory simptoms will be used as indirect
descriptor of air pollution, possible giving an explanation
of differences in CAs frequencies among analysed people
samples.

This research is a part of the Ph. D. thesis of Dr. C.
Milillo.
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IMMUNOHISTOCHEMICAL DETECTION OF PAH-DNA ADDUCTS IN
LYMPHOCYTES COLLECTED FROM WOMEN EXPOSED TO AIRBORNE
POLLUTANTS

G. Motykiewicz', P.T.M. van der Berg2, E. Malusecka1, J.H.M. van Delft2, C.J.M.
van der Wulp2 and R.A. Baan2

1 Department of Tumor Biology, Institute of Oncology, Gliwice, Poland, anc!:TNO Nutrition and Food
Res. Inst., Div. of Toxicology, Dept. Genetic Toxicology, Rijswijk, The Netherlands

Polycyclic aromatic hydrocarbons (PAH) are among the most predominant
chemical contaminants in ambient air in the industrial region of Silesia, Poland.
Uptake of these compounds has been associated with the induction of cancer in
humans. Among the known molecular effects of PAH is their ability to form reactive
metabolites that bind covalently to DNA. The ensuing DNA adducts formation is
considered as an important initial event in carcinogenesis. The human population of
Silesia is under chronic exposure to PAH (1-55 ng B(a)P/nr1) which fluctuates with
the reason and mainly originates from coal burning and/or processing.

The formation of PAH-DNA adducts was studied in lymphocytes collected
from woman inhabiting the four most polluted towns in Silesia. Blood donors were
nonsmoker City Hall clerks, 35-45 years old. There was no occupational exposure
to PAH compounds. DNA adducts were determined in peripheral blood lymphocytes
collected in winter from 50 Silesian inhabitants and 50 rural controls as well as from
35 Silesian donors in summer. 25 out 35 "summer" samples were repeats from donors
involved in the winter sampling. Adducts were detected by immunohistochemical
analysis using a polyclonal antiserum W2/01 recognizing BPDE-DNA and related
PAH-DNA adducts and TRITC-conjugated secondary antiserum. The cells were
counterstained to estimate the amount of DNA with DAPI. Dual fluorescence
intensities were simultaneously measured in 50 randomly selected cells per subject
with a nitrogen-cooled CCD camera mounted on a Leitz Orthoplan fluorescence
microscope. The results, presented as a mean TRITC/DAPI ratio were 0.75+0.28,
0.49+0.19 and 0.54+0.18 in the Silesian winter (Sw), control winter (Cw) and
Silesian summer (Ss) groups, respectively. Adducts v/ere significantly elevated
(p{0.001) in the Silesian group compared to the controls (Sw/Cw) by rank Mann-
Whitney U-test. There was also statistically significant (p(0.001) seasonal difference
within the Silesian group, between subgroups Sw/Ss.

This study builds upon our preliminary results on PAH-exposed male
population using previously developed anti-BPDE-I-DNA antiserum and Bio-Rad laser
scanning microscope system. It supports the finding that, apart from visualization of
adducts at the single cell level, immunohistochemical methods are sufficiently sensitive
to detect environmental level exposures and can be a useful additional tool in
biomonitorins studies.
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MITOMYCIN C IN VITRO ENHANCES THE EXPRESSION OF FRAGILE
SITES INDUCED BY APHIDICOLIN

Maria Nicri and Isabella Sbrana
Dipartimcnto di Scicnze dcll'Ambicnte c del Tcrritorio, Universita di Pisa, Italy

Our work aims at clarifying the association between common fragile sites (FS)
expression and clastogenic events in vitro chemically induced. In fact, evidence
was reported of a preferential clastogenic action on FS by many mutagens and
carcinogens (Yunis et al., Oncogene, I, 59-69, 1987). To this aim we firstly
analysed the chromosomal localization of aberrations directly induced in
proliferating lymphocytes by mitomycin c (MMC, a standard mutagen with a S-
phase dependent clastogenic action with a strong predilection for
hetcrochromatic regions) to sec the involvment of bands carrying FS. Then we
studied the ability of a treatment with MMC in GO phase to increase the
expression of the FS induced, using standard protocol, by aphidicolin (APC).
Finally we compared the localization of breaks induced by MMC with that of
expressed FS. Chromosome aberrations were analysed in G-banded mctaphases.
Results showed that after MMC treatment in replicating cells bands containing
FS were significantly more involved in aberrations than other bands. Moreover
in these bands the average number of aberrations resulted significantly more
elevated. Among FS bands, Iql2 and 9ql2 (heterochromatic bands, which
contain not APC inducible FS) were the most expressed bands; in spite of this
peculiar effect, bands containing APC inducible FS still resulted preferentially
involved in aberrations as regard to bands not containing FS.
Results obtained in lymphocytes treated with APC and previously exposed to a
low dose (poorly clastogenic) of MMC during GO phase showed that MMC
modulated the action of APC in expressing FS since it increased the number of
total aberrations and in particular the aberrations at FS.

While the direct clastogenic action of MMC is prevalent on the heterochromatic
bands the modulating action of MMC on FS expression not involve these bands,
but almost exclusively the FS bands APC sensitive. This suggest that the MMC
damage on heterochromatic bands and the effect on FS expression originate by
different mechanisms.

The present work is pail of a Ph.D. thesis (M.N.)



PI-23

MICRONUCLEI IN HUMAN LYMPHOCYTES: A SPECIFIC EFFECT OF CYTO-
CHALASIN B ON THE X CHROMOSOME

H, Norppa, J. Catalan, K. Autio, G. Falck and J. Surralles
Finnish Institute of Occupational Health, FIN-00250 Helsinki, Finland

Micronuclei (MN) in peripheral lymphocytes, analyzed by the cytokinesis-block
(CB) method, have widely been used as a biomarker of human exposure to geno-
toxins. By blocking cytokinesis with cytochalasin B (Cyt-B), it is possible to target
the analysis of MN only to those cells that have divided once in vitro, as these
cells are binucleate. Cultures treated with Cyt-B also contain cells with >3 nuclei
which have divided more than once; these cells show a dramatic increase in the
frequency of MN harboring whole chromosomes, as revealed by fluorescence in
situ hybridization (FISH) using a pancentromeric alphoid DNA probe. The pro-
portion of MN with whole chromosomes (C+ MN) is also elevated in binucleate
cells in comparison with mononucleate cells cultured without Cyt-B. This effect
is detectable both after short (52 h) and longer (64 h, 76 h) culture times, which
suggests that binucleate cells that have gone through two cell divisions in vitro
are not the only explanation. In general, roughly half of all MN harbour whole
chromosomes, and various studies have demonstrated that especially this fraction
of MN is increased with donor age. In cultured lymphocytes of women. MN con-
taining the X chromosome (X+ MN) are overrepresented. In our previous studies
(Catalan et al., Cytogenet Cell Genet 1995;68:11-16), performed without Cyt-B,
the prevalence of X+ MN among all MN was 14% in women below 30 years of
age and 24% in women above 50 years. Much higher prevalences of X+ MN in
women's lymphocytes (on the average 72%) have been described by Hando et
al. (Chromosoma 1994;103:186-192), using Cyt-B. The purpose of the present
study was to examine by FISH if Cyt-B specifically increases the proportion of X+
MN. The findings suggest a striking overrepresentation of the X chromosome in
lymphocyte MN of both women (n=4) and men (n=10). Without Cyt-B, X+ MN
comprised, on the average, 26% and 6% of all MN in women and men, res-
pectively. The figures were clearly higher in Cyt-B-induced binucleate cells: 42%
in women and 11 % in men. Preliminary results on immunomagnetically separated
T-lymphocytes suggest the X chromosome is also overrepresented in MN of un-
cultured lymphocytes in vivo, although culturing and, in particular, the use of Cyt-
B further enhance this effect. Thus, the use of Cyt-B appears to result in pre-
ferential inclusion of the X chromosome in MN. This phenomenon could explain
a major part of the difference in the prevalence of C+ MN, earlier observed
between binucleate cells and cells cultured without Cyt-B. It is recommended that
FISH using a pancentromeric DNA probe is routinely applied to the human
lymphocyte MN assay, to improve the specificity and sensitivity of MN analysis.
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ADDUCT FORMATION ON HAEMOGLOBIN AND DNA IN MICE AFTER I. P.
ADMINISTRATION OF STYRENE

W. Pauwels1, M. Severi1, H. Veulemans1, P. Vodicka2

-'•Lab. for Occupational Hygiene and Toxicology, Catholic University of
Louvain, Belgium
^Lab. for Genetic Ecotoxicology, Institute of Experimental Medicine,
Prague, Czech Republic

Styrene is metabolised to styrene-7,8-oxide, which is a direct acting
mutagen and carcinogen in experimental animals. It is reported to bind
covalently to nucleophilic sites in the body. The aim of this study is
to investigate the relationship between haemoglobin and DNA adducts
(N-7 and O^-guanine adducts) in mice.

Styrene was mixed with DMSO and corn oil (4:1:9) and different amounts
in a range of 0-4.35 mmol kg"-*- body weight (BW) were injected
intraperitonially in mice (NMRI, white, male, 25-30g). The mice were
killed after 3 hours. The blood was collected and haemoglobin was
isolated. Liver, lungs and spleen were excised and immediately frozen
at -20°C until further analysis. Haemoglobin adduct formation was
determined by a GC-MS method based on a modified Edman degradation
technique. Styrene -specific DNA-adducts were determined by the
modified 32P-postlabeling technique. Only the results of the analysis
for haemoglobin and for DNA adducts in the liver are available at this
moment.

All parameters showed a clear dose-response relationship. The
strongest correlation was found for haemoglobin adducts (r=0.985), but
also for DNA adducts very strong dose-response relations were observed
(O6-adduct : r = 0.98 and N-7-adduct : r = 0.96). The correlation
between both DNA adducts was r = 0.98. The correlation between
haemoglobin adducts and resp. O*?- and N-7-adducts was r = 0.95 and r =
0.94.

The haemoglobin adduct levels found in this study were about 100 times
lower than the amount of adducts reported in the study of Byfalt
Nordqvist et al. (1985)l. Concerning the N-7-guanine adducts the
amounts found in our study are about 30 times lower than the results
published by Byfalt Nordqvist et al. (1985)1.

1. Byfalt Nordqvist M., Lof A., Osterman-Golkar S., and Walles S.A.S. (1985)
Covalent binding of styrene-7,8-oxide to plasma proteins, hemoglobin and DNA
in the mouse. Chem-Biol Interact 55:63-73.
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HUMAN HAIR AS A MODEL SYSTEM IN TOXICOLOGY: A
STUDY BY VIBRATIONAL MICROSPECTROSCOPY AND FLOW
CYTOMETRY.

M. Persiani1 , E. Bramantr, E. Benedelti2. M.L. Trinca1, A.Manganclli',
W. Gohde'and L. Tcodori1.
'Div. of Biological and Toxicological Sciences, ENEA, Rome, Italy, "Dcp. of
Chemistry, Univ. of Pisa, Pisa, Italy; *lnst. of Chemistry ,,Lagrangc", Rome, Italy;
'lust, of Radiobiology, Univ. of Minister, Minister, Germany.

In the recent years the importance of exposure to environmental
agents in the pathogenesis of human cancer has become increasingly clear.
Therefore pollutants in urban and industrial environment represent a high
risk situation for workers and passive subjects as well. For this reason,
appropriate assay systems for the evaluation of carcinogen interaction
with human tissue are essential for assessing cancer risk. The use of hair
follicle as a biological system has been recently proposed, due to its active
proliferation, to its capacity of metabolizing some carcinogens such
polycyclic aromatic hydrocarbons, its collection without any harm or risk.
Two new analytical approaches, to evaluate the extent of
chemical-induced alteration at cellular and molecular level, were used
in this study: (1) the Fourier transformed-infrared microspectroscopy
(mFT-IR); (2) the biparametric flow cytometry (FC). Namely, we have
studied:( 1) hair structural chemical-physical features at molecular level by
means of mFT-IR; (2) proliferative activity and distribution of DNA and
total protein content of hair bulb cells, by FC. The mFT-IR method
yielded high reproducible and reliable spectra of microareas with
diameters as small as 100 (.tm. The analysis of different microareas allowed
us to detect molecular structural differences in different region of the
hair (matrix, bulb, shaft). Preliminar data after chemical and physical
exposure (e.g. CH2CI2 and UV light) showed that remarkable changes in
the spectral region between 1800-700 cm'1 and 3500-3000cm~' in the hair
shaft could be detect. Dramatic changes in the region of DNA vibration,
following treatment with CH2CI2 in the hair follicle demonstrated
histograms of a high quality and reproducibility. In conclusion, hair
bulbs, studied by mFT-IR and FC, is a sensitive model for in vivo
studies of toxic agents and in particular those which do not reach the
organism via the digestive tract or by breathing.
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DNA ADDUCTS IN HUMAN TISSUE: 32P-P0STLABELLING/HPLC ANALYSIS

W. Pfau and U. Brockstedt

Department of Toxicology, Hamburg University, 20146 Hamburg, Germany

Levels of DNA adducts in human tissues have been successfully determined

in a number of studies by 32P-postlabelling analysis using ion-exchange thin

layer chromatography (TLC). Recently, we have developed a method allowing

high resolution HPLC analysis of 32P-labelled DNA adducts at subfemtomole

level {Pfau and Phillips, J. Chromat. 570 (1991) 65).

Aim of the present study is to identify DNA adducts observed in different

human tissues by means of chromatographic comparison with authentic

standards and spectroscopic techniques. Lung tissue samples were obtained

from patients undergoing surgery for lung cancer and breast tissue samples

were obtained from patients undergoing surgery for mammary cancer or

reduction mammoplasty. DNA was isolated and analysed by 32P-postlabelling

using both, nuclease-P1- and butanol-extraction enhancement procedures.

Multidirectional ion exchange TLC analysis resulted in a number of spots and

diffuse areas of radioactivity.

When these areas of radioactivity obtained by TLC analysis of 32P-labelled

DNA hydrolysates were applied to HPLC, discrete peaks of radioactivity were

observed. These accounted for up to 70% of total adduct levels, with

considerable inter-individual variation.

These adducts were hydrophobic and fluorescence spectroscopy indicates a

polycyclic aromatic structure. Still, these were distinct in at lea~t one

chromatographic system from 32P-labelled DNA adducts derived from twenty

DNA adduct standards including benzo[a]pyrene-, 1-nitropyrene or 4-

aminobiphenyl-modified DNA. In order to characterise these human DNA

adducts we are extending our library of (bio-)-synthetic adduct standards.
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THE SCG ASSAY- A BIOMARKER OF EFFECT

t, K. Raddatz, W. Rieth, S. Molt, T.M. Fliedner
Department of Clinical Physiology, Occupational and Social Medicine, University of

Ulm, Albert-Einstein Allee 11, D 89070 Ulm, Germany

Assessing the exposure of workers to genotoxic substances at the workplace, as well

as that of the general population to genotoxic environmental agents, is an important

measure in preventive medicine and a powerful tool in the quest for a better

environment. A number of biomarkers are available to evaluate the exposure, effect

(response) and susceptibiliy to these compounds in man. The disadvantages of these

biomarkers are often the time-consuming preparation and the large amount of cell

material which is needed for these tests. Furthermore, they do not allow a statement

about DNA damage in single cells and they often lack sufficient sensitivity for human

biomonitoring of low-dose exposure. Therefore, we applied a new method which is fast,

simple, inexpensive and requires only a few cells for analysis. The alkaline single cell

gel (SCG) assay or comet assay allows a sensitive evaluation of single- and double-

strand breaks as well as alkali-labile sites in the DNA of single cells.

In order to demonstrate the practicability of the comet assay as a biomarker, we

obtained data from 100 healthy volunteers as a control group. This allowed the

determination of normal variations in an unexposed population. We compared this

group with patients receiving radioiodine- or chemotherapy. The treated groups

showed a significantly greater DNA damage compared to the controls. Radioiodine

therapy results in a significant but variable increase of DNA damage in the peripheral

blood cells of the individuals. However, a far higher DNA damage was induced in the

group of patients treated with a polychemotherapy. Furthermore, the pen Mance of

DNA damage during and after therapy was monitored. The comet assay is a biological

marker that also allows rapid and reliable determination of the repair capacity of cells

and cell systems in these patients. This indicates that the SCG assay is a useful tool to

detect in vivo DNA damage and "repair" caused by low-dose radiation and mutagenic

chemicals. It can be expected that the comet assay will become an increasingly

important tool for the medical assessment of people exposed to genotoxic agents.
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THE COMET ASSAY IN THE EARTHWORMS AS A PROMISING TOOL FOR
ENVIRONMENTAL BIOMON1TORING.

J Salagovic*. J. Gilles, L. Verschaeve, I. Kalina*
V.I.T.O., Division of Environmental Research, Mol, Belgium
* Institute of Medical Biology, Medical Faculty, Safarik University, Kosice, Slovakia

The Comet assay is becoming a major tool for environmental biomonitoring One approach
for assessing the possible environmental consequences of hazardous waste pollution
involves the assessment of genotoxic damage (and other effects) in sentinel organisms The
SCG assay, because of its simplicity, sensitivity, and need for only small numbers of ceils,
has been suggested as an ideal technique for such studies (Tice. in press)
To evaluate for genotoxic pollutants associated with a hazardous waste site, the alkaline
comet assay has been used successfully to examine the extent of DNA damage in
coelomocytes collected from earthworms (Eisenia foetida) maintaned in different soil
samples (Verschaeve et al., 1993). Earthworms have already proved to be a good animal
system for monitoring pollution in terrestrial ecosystems (e.g. Morgan and Morgan. 1991,
Fitzpatrick et al. 1992).

We exposed earthworms to samples of soils obtained from polluted area of a coke oven
All samples gave significantly higher comet tail moment than those obtained from worms
kept in laboratory conditions (standard black earth = internal controls)
Although the comet assay is not a specific assay for particular pollutant or class of
pollutants it appears to be a promising tool for monitoring the bioavailability and
(geno)toxicity in terrestrial environments.
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THE OCCURRENCE OF ACROCENTRIC CHROMOSOMES TN SPONTANEOUS
MICRONUCLEI OF PEOPLE FROM A GENERAL POPULATION BY USING
TWO-COLOUR HYBRIDIZATION

R. Scarpato, L. Migliore

Dipartimento d.i Scieir/.e del 1 ' Amhi ente e del Terr i lor io,
Universita d.i Pisa, Pisa, Ttaly

Evidence has been obtained that the frequency of
micronuclei (MN) increase with increasing age of the
donors, especially in the case of females. In addition,
the X chromosome was found to be over-represented in
spontaneous MN of aged women. In this study we have
investigated the possibility that also acrocentric
chromosomes are consistently involved in the formation of
centromere-positive MN. MN in binucleate lymphocytes of
people from a general population are fluorescently
analyzed after performing tandem-labelling hybridization
with centromeric (TRITC signal) and B-satellite (FITC
signal) DNA probes on each subject. MN were classified
as MN- (without signals), C-t-MN (with only centromeric
signal), and B+C+MN (with TRITC and FITC signals).
Preliminary results on 9 females (19-60 year old) and 5
males (23-53 year old) are reported. In the female group,
the proportion of B+C+MN/total C+MN ranges from 21% to
38.5% (average: 28.9%); the percentage of B+C+MN/total MN
ranges from 12% to 20% (average: 16.3%); the proportion
of total C+MN/total MN ranges from 38.2% to 72.%
(average: 56.9%), and a highly significant linear
relationship is obtained with the age of the donors
(r=0.925; p<0.001). In the male group, the proportion of
B+C+MN/total C+MN ranges from 20.6% to 37.5% (average:
29.3%); the percentage of B+C+MN/total MN ranges from 14%
to 23.1% (average: 14.%); the proportion of total
C+MN/total MN ranges from 51% to 68% (average: 59.7%).
These data indicate that the spontaneous frequency of
total C+MN is significantly age-correlated in females but
not in males. However, this increase is not dependent on
the occurrence of acrocentric chromosomes in MN.
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THE INDUCTION OF SINGLE STRAND BREAKS IN DNA OF HUMAN
FIBROBLASTS AMD HEPG2 CELLS BY MONOEPOXYBUTENE AND
DIEPOXYBUTANE.

R.Stetina1 and P.Vodicka2

1) Inst.Exp.Med.,AS CR, Lab.Develop.Toxicol.,01esnice v O.h., Czech Rep.
2) Reg.Inst.Hyg.Centr.Bohemia,Lab.Genet.Ecotoxicol.,Prague,Czech Republic

The cytotoxicity and the induction of single-strand breaks

of DNA (SSB) by monoepoxybutene (MEB) and diepoxybutane

(DEB) were compared in vitro using human embryonic lung

fibroblasts (HEL) and human hepatoblastoma cell line HepG2.

The cytotoxicity of DEB, as measured after 3 h treatment

of cells by trypan blue exclusion, was about 7 times higher

(LD50 = 150/umol) then the cytotoxicity of MEB (LD50 = 1000

,umol). Using the method of alkaline unwinding and hydroxy-

apatite chromatography of DNA a very weak induction of SSB

(bellow 1 SSB/10 daltons) was observed with MEB up to con-

centrations 2 mmol, while a dose-related induction of SSB
Q

(up to 4 SSB/10 daltons) was observed at the same concen-

trations as used with MEB. The SSB induction was very simi-

lar in both cell types used. These results are in good

accordance with published data describing a higher mutage-

nicity of DEB in bacteria, rodent and human cells in vitro

and in vivo, showing that the alkalilabile sites (SSB) in-

duced in the DNA by DEB might be both cytotoxic and muta-

genic lesions.
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MICRONUCLEI IN HUMAN LYMPHOCYTES AND EXFOLIATED
CELLS AS BIOMARKERS OF GENETIC DAMAGE

N.Titenko-Hoiland. L.E.Moore, L.Zhang, P.Kolachana, S.Parvatham and
M.T.Smilh
School of Public Health, University of California, Berkeley, CA 94720, USA

The micronucleus (MN) assay is widely used to assess the
genotoxicity of environmental agents in vivo and in vitro. In humans,
peripheral blood lymphocytes and exfoliated cells are studied the most. We
have used the cytokinesis-blocked method to assess cytogenetic damage in
binucleated lymphocytes (Cancer Res., 1990, 50, 393-399). However,
when the MN frequencies in mono-, tri- and tetranucleated cells were also
assessed, they were significantly different from the MN frequency in
binucleated lymphocytes of the same individuals. This could not be explained
by the effect of cytochalasin B alone. In addition, the mechanism of
micronucleus formation was determined by antikinetochore-antibody staining
to distinguish aneuploidy from clastogenicity. The background levels of MN
frequency were similar for lymphocytes cultured after isolation in Ficoll-
gradients or as whole blood. MN were a very sensitive biomarker of genetic
damage after in vitro exposure to benzene metabolites, griseofulvin etc. (Env.
Mol. MM., 1993, 21, 339-348; MM. Res., 1994, 322, 151-159). However,
the MN assay has produced negative results in our studies of several
occupationally exposed cohorts. No increase in the level of MN was
observed compared with matched controls, while gender, age and smoking
effects were clearly discernible. There are several potential factors limiting the
sensitivity of the MN assay in human lymphocytes in vivo. One of the most
important is that resting Go lymphocytes exposed in peripheral blood in vivo
are less susceptible than proliferating lymphocytes treated in vitro.

Exfoliated epithelial cells, on the other hand, hold strong potential as a
tool for biomonitoring human populations exposed to genotoxic agents. More
than 90% of cancers arise in epithelial tissues. Exfoliated epithelial cells from
the mouth, nose, and bladder can be easily collected. We have developed a
procedure that improves the MN assay in exfoliated cells by using
fluorescence in situ hybridization (FISH) with a centromeric probe and
propidium iodide as a counterstain (MM. Res., 1994, 312, 39-50). This
approach allows the mechanism ot MN formation to be determined and
abnormal nuclear events to be readily identified. The new MN-FISH assay
has been applied in people exposed to formaldehyde, arsenic and radiation.
In all cases we found conclusive changes in the frequency and predominant
type of MN. Centromere-negative MN were increased in buccal cells after
irradiation or formaldehyde exposure while arsenic induced both types of MN
in bladder cells of men exposed to arsenic. Methodological aspects of MN
evaluation in human lymphocytes and exfoliated cells will be discussed in
comparison with other biomarkers of genetic damage.
(Supported by NIH grants P42ES04705 and R01ES06721).
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DEMONSTRATION OF BENZO(a)PYRENE-INDUCED DAMAGE OF DNA IN
MICE USING ALKALINE SINGLE CELL GEL ELECTROPHORESIS

Hamid Vaghef. Anna-Carin Wisen and Bjorn Hellman

Department of Occupational and Environmental Medicine, University Hospital,
Uppsala, Sweden

A simplified procedure for alkaline single cell gel electrophoresis was used
for studying the DNA damaging effects of benzo(a)pyrene in peripheral lymphocytes,
bone marrow and liver cells from female C57BL/6 mice. Significant and dose related
damage was observed in the liver cells after repeated oral administrations of
benzo(a)pyrene for three says (lowest observed effect level being 3x100 mg/kg b. wt.),
indicating the usefulness of a repeat-dose schedule and prolonged electrophoresis of
the DNA fragments. However, a similar approach revealed no DNA damage in
lymphocytes and bone marrow cells even after administration of 3x150 mg
benzo(a)pyrene/kg b.wt. The reference substance cyclophosphamide produced
pronounced DNA damage in lymphocytes and bone marrow cells already in a single
dose of 100 mg/kg b.wt. In the light of the present data it seems doubtful to study
DNA strand breaks in peripheral lymphocytes when monitoring genotoxic stress
induced by benzo(a)pyrene.
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CYTOGENETIC EFFECTS OF INGESTED AMPHIBOLE ASBESTOS FIBRES
IN RATS

Cs. Varga. Zs. Pocsai, V. Timbrell# and G. Horvath*
Dept. Hygiene & Epidemiology, *Dept. Clinical Chemistry, University Medical
School. Debrecen, Hungary
#MRC Epidemiology Unit (South Wales), Llandough Hospital, Penarth,
South Glamorgan, UK.

Genotoxic action of oral exposure to UICC crocidolite and anthophyllite asbestos
fibres was studied in two in vivo cytogenetic tests. F-344 rats were treated by gavage
with single doses of 50 mg/b.w.kg chemically pure asbestos fibres and fibres which
had been allowed to adsorb benzo(a)pyrene (BaP) molecules from extremely low
concentration (0.25-2.5 asg/ml) aqueous solutions. This system can be considered as
a model of consuming drinking water contaminated by amphibole asbestos fibres and
biologically active organic micropollutanls. HPLC analysis was also performed in
order to determine the degree of BaP adsorption on the fibres. The formation of
micronuclei (MN) and sister chromatid exchanges (SCE) was studied after 24 h in
the bone marrow of the exposed rats. Neither types of chemically pure fibres proved
to be genotoxic in this study. Both types of fibres wich had been treated with BaP
solutions, however, caused dose-dependent increase in the frequency of SCEs. but
this effect was only significant in the concentration range of 0.5-2.5 aeg/ml. The MN
lest has not been proved sensitive as compared to the SCE test, weak positive
response could only be detected with crocidolite fibers treated with the highest BaP
doses. These experiments suggest co-genotoxic activity of the oral exposure to these
fibers probably caused by the accumulation of BaP on the surface of fibres. This
mechanism may lead to simultaneous formation of multilocus deletions and point
mutations e.g. in tumour supressor genes of the target cells promoting the neoplastic
cell transformation. Considering the results obtained in this study, epidemiological
findings on positive correlations between asbestos contamination of drinking water
and excess gastrointestinal, peritoneal and other cancers can rather be explained by
co-genotoxic action, since drinking waters also contains mutagenic/carcinogenic
micropollutants. This study indicates that induced SCE frequency provides a
sensitive biomarker of co-genotoxic effect of oral asbestos exposure.



A NEW, RAPID AND SENSITIVE BACTERIAL
GENOTOXICITY TEST BASED ON BIOLUMINESCENCE

L. Verschaeve, L. Regniers, D. Van Der Lelie
Flemish Institute for Technological Research (VITO), Boeretang
200, B-2400 Mol, Belgium

Many tests have been developed for determining the mutagenicity
of chemicals. Among these, the best known microbial test is the
Ames test. However, this test has some technical and theoretical
limitations and is relatively costly and time consuming. To overcome
some of these limitations, different genotoxicity tests were
developed based on the expression of genes with phenotypes easy to
detect, like specific enzymatic reactions or the production of light.
Examples of such tests are the Mutatox (TM) Genotoxicity Test
(Microbics Corporation, USA), and the SOS chromotest, that are
based on light production and [3-gaIactosidase activity, respectively.
Based on the experience with heavy metal biosensors we constructed
a battery of test strains that combine features of the SOS chromotest
and the Ames test. For this purpose a gene fusion was constructed
between the promotor-less lux operon present on pMOL877 and the
promotor region of the Escherichia coli sfiA gene, that is
specifically inducible by SOS-inducing genotoxic agents. This
procedure should allow the simultaneous determination of mutagenic
effects by the normal Ames test procedure as well as genotoxic
effects by induction of the SOS response. The results obtained so far
with pure compounds, with and without S9, indicate that this new
bioluminescence test is (much) more sensitive for the detection of
mutagens than the Ames test and SOS chromotest. Results can
furthermore be obtained within 1 to 3 hours.
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7-ALKYLGUANINE ADDUCTS IN NUCLEOTIDES AND DNA REACTED IN
VITRO WITH 3,4-EPOXY-l-BUTENE ANALYSED BY 32P-POSTLABELLING
ASSAY

Pavel Vodicka', Rajiv Kuivi.it' Mid Kuri Ilemminki'

1. Lab. Genet. Hcotiixiuol. !i; :. ! , me andk. last.ofllygicnc of Central
Bohemia. 140 20 Prai'nr. ( ,-cch Republic
2. K-u-olinska In nute, CN'l. NOVUM, 141 57 Huddinge, Sweden

We report the detection of 7-alkylguaninc adducts formed by the reaction ol
3,4-epoxy-l-butene (BDME) with deoxyguanosine monophosphatcs and DNA by
3:P-postlabelling method. Salmon testis DNA, 3\1GMP and 5'dGMP were reacted
in aqueous conditions at 37"C for 24 h with BDME, the major metabolite of
1,3-butadiene. DNA modified with BDME was depurinated and the supernatant was
analysed by HPLC coupled with diode array detector. Two peaks corresponding to
7-(2-hydroxy-3-buten-l-yl)guanine and 7-(l-hydroxy-3-buten-2-yl) guanine were
detected and quantitated. The level of 7-alkylguanine adducts in DNA was found 6.3
adducts/lO3 dNp. 2'-Deoxyguanosine- 3'-monophosphate and
2'-deoxyguanosine-5'-monophosphate modified by BDME were prepurified by the
strong anion-exchange cartridge and analysed by HPLC. Both nucleotides gave rise
to four 7-alkylguanine products, which were assigned as two diastereomeric
7-(2-hydroxy-3-buten-l-yl)3'(5')-dGMP (|3-isomers, major products) and two
diastereomeric 7-(l-hydroxy-3-buten-2-yl)3'(5')-dGMP(minoro:-isomers) products.

DNA modified by BDME and four 7-alkyl 3'-dGMP products were
phosphorylated with y-32P-ATP and analysed by TLC and HPLC with on-line
radioisotope detector. 7-Alkyl 5'-dGMP isomers and diastereomers were used as UV
markers for the analysis of labelled samples by HPLC. The overall recovery of
7-alkylguanine adducts from BDME-modified DNA was found to be 5.2 percent. We
observed the phosphorylation of all four 7-alkyl 3'-dGMP products, although the
labelling efficiencies of individual isomers and diastereomers varied between 4.0 and
11.0 percent.

In the preliminary experiments we found the preferential labelling
or formation of 7-(2-hydroxy-3-buten-l-yl)dGMP()3-isomeric) adducts. Further work
is in progress to find out the relative formation and phosphorylation of diastereomers
and to detect these adducts in biological samples.

This study was supported by EU Environment Program and by the Reg. Inst. of
Hygiene of Central Bohemia.
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BIOLOGICAL AND LIFE STYLE FACTORS AFFECTING BASELINE SCE
AND MN IN HUMAN LYMPHOCYTES.

Barale R. S. Baldacci, T. Davini, L. Chelotti.
Dipt. Scienze dell'Ambiente e del Territorio, Univ. di
Pisa, Italy.

1660 healthy persons living in Pisa and in two adjacent
country towns were enrolled in a study aimed to the
evaluation of the effects of biological and environmental
factors possibly associated to several clinical and
biological endpoints including SCE and MN.

SCE results: multifactor analysis of variance revealed a
significant effect of age, smoking, drinking wine or beer
(more than 500 ml/day), coffee (more than 2 cups/day). In
addition, donors occupancy revealed a significant effect:
pensioners, unemployed, housewives, bluecollar, whitecollar
and students showed significantly different SCE freguencies.
MN freguency were significanly influenced by sex and age.
Cigarette smoking showed a significant effect also, but
unexpected: smokers revealed MN frequencies lower than non
smokers.
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THE EFFECT OF ANTIOXIDANTS ON BLEOMYCIN TREATMENT
IN IN VITRO AND IN VIVO GENOTOXICITY ASSAYS

N.Basaran1 ,S.D.Blowers2,A.J.Edwards2, D.Anderson2

'Hacettepe University, Faculty of Pharmacy, Toxicology Department,
06100, Ankara, TURKEY, 2BIBRA International, Woodmansterne Road,
Carshalton, Surrey SMS 4DS, UK.

Antioxidants are thought to be important in protecting against damage from
active oxygen species. The effects of the antioxidant nutrients vitamins C and
E have been investigated after bleomycin treatment in the Salmonella
typhimurium bacterial mutation assay, in the human peripheral lymphocyte
chromosome aberration assay, and in the mouse micronucleus assay, in
peripheral blood and bone marrow cells.

There were no protective effects from vitamins C and E in the bacterial
mutation assay, but vitamin C and not vitamin E abolished chromosome
damaging responses in human peripheral lymphocytes, and both vitamins
reduced responses in micronuclei from peripheral blood cells in mice.

This would suggest that in human cells in vitro and mouse cells in vivo these
vitamins could have a protective role.

Project has been partly supported by British Council.
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INCREASED RISK OF MYELODYSPLASTIC SYNDROME
ASSOCIATED WITH GLUTATHIONE S-TRANSFERASE
THETA I GENE DEFECT

ChenJjAV.'. Sandier, D.P.'. Taylor, J.A. ', Watson, M.', Shore,
D.L. ', Liu. H.:, Bloomfield, C.D.\ CALGB. and Bell, D.A.1

'NIl-IIS-Nlll. Research Triangle Park, N(\ 'University of North
Carolina, Chapel Hill, N(\ 'Roswell Park Cancer Center,
BulTalo, NY and Cancer and Leukemia Group B (CALGB).

Myelodysplaslic syndrome (MDS) is a group of relatively
common hematological disorders, with I(),()()() - 12,000
new cases occurring each year. Many MDS patients (20-
40%) progress to acute myeloid leukemia (AML). MDS
may result from a variety o\' etiologic factors including
environmental, occupational, and iatrogenic factors. A
recent pilot study suggested thai exposure to cigarettes,
pesticides and petroleum products were significant risk
factors lor MDS (D. Sandier, unpublished data). The
glutathione transferases are family of enzymes that can
mediate exposure to a wide variety of toxic and genoloxic
chemicals. We tested to see if polymorphism in glutalhione
S-transferase theta (GSTT1) and glutathione S-transferase
M1 (GSTMI) could alter risk lor MDS. Initial analysis of a
noncancer population sample (whites n~500; blacks
n=109) indicated that the frequency of the null genotype for
GSTM1 was 48% in whiles, 35% in blacks and for GSTTI
was 17% in whites and 24% in blacks. We have analyzed
96 MDS cases (obtained through CALGB) for the GSTM I
and GSTTI null genotypes and find that individuals with
the GSTTI null genotype have 4.3-fold increased risk of
MDS (95%CI 2.5-7.6, p <0.0001). GSTM1 genotypes
were not associated with increased risk of MDS. GSTTI
may be modulating exposure to environmental or
endogenous MDS causing agents.
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ANTIMUTAGENICITY AND ANTIMICRONUCLEUS FORMATION
OF CHINESE TEA DRINK

sjri, S. Sookkhee, S. Apibal*, P. Temcharoen** and P.Picha***
Faculties of Pharmacy, *Medicine Ramathibodi Hospital and **Science,
Mahidol University, and ***National Institute of Cancer, Bangkok,
Thailand

Fourteen Thai herbal drinks were screened for the antimutagenic
potentials using 2-(2-furyI)-3-(5-nitro-2-furyl) acrylamide and 4-
nitroquino!ine-l-oxide (4NQO) as the testing mutagens. The Ames test
was employed. Only Chinese tea drink showed promise in such activity.
This tea was demonstrated furtherly to be capable to inhibit the
mutagenicity induced by 4-nitro-o-phenylenedine. cyclophosphamide
(CP), benzo(a)pyrene (BP) and allatoxin Bl (AFB1) when tested by
Ames method, and mitomycin (MC) when tested by rec assay. The
antimutagenicity activity of Chinese tea from different brand names was
revealed to be similar, and it was also shown to be similar to that
exhibited by Japanese and British tea. Moreover, the better
antimutagenicity was observed in the test system if tea was applied before
given mutagens than applied after.

When antirnicronucleus of Chinese tea was studied in mice by oral
administration of tea and intraperitoneal injection of mutagens. Five
mutagens from above which were also micronucleus inducers, namely,
4NQO, CP, MC, BP and AFB1, were applied. Chinese tea was found to
be able to reduce the micronucleus formation in erythrocytes induced by
these agents. Similarity to antimutagenicity, the better antimicronucleus
potential was observed in mice given tea prior to mutagens than given
after.
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Moleculnr epidemiology of cytostatic drug exposed population on gene
level
I. Ember, I. Kiss, T. Rapnsa
Department of Preventive Medicine Univ. Med. Sch., Pecs, Hungary
Illrd Internal Med. St. Istvan Hospital, Budapest, Hungary

The secondary induced malignancies are the best way to study the
chemically induced environmental carcinogenesis in humans. Our previous
animal experiments established a new and original observation concerning
early, in vivo elevation of expression of some oncogenes (e.g.: M-ras,
c-myc) (Ember et al. Anticancer Res. 14 1095-1096, 1994). Underlying
these results we have started a follow-up study among preleukemic
patients who have got cytostatic therapy in order to cure their primary
tumours. We have investigated 71 patients and controls. 10-20 ml blood
was obtained, more times from the same person. After removing the RBC-s,
WBC-s were washed, RNA was isolated, slot blotted and UV linked onto
llybnnd membranes. The filters were hybridized with N-ras, c-myc and p53
chemiluminescently labelled DNA probes. The exposed X-ray films were
scanned into computer and evaluated by Quantiscan software.
We have found elevated gene expression in more than 50% of all cases.
From 50 t u m m e patients 19 have got chemo or chemoradiotherapy. Inside
this group the ratio of elevated oncogene expressions was higher. In
the case of CHOP treatment a weak connection could be seen between the
time of treatment and ras oncogenes expression. (After 1 month more
than 00% of patients, 6 months later this ratio is 3 09a.) The initial
result; suggest that oncogene pattern changes are very early events
during chemically (therapeutically) induced carcinogenesis. The
connection between early genetical events and the tumours should be
proved with further molecular epidemiological studies. Continouing
this work of studying the haematological premalignancies and
malignancies is very important because 67% of all human secondary
tumours are haematological.
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EVALUATION OF THE ANTIMUTAGENIC EFFECTS OF CENTCHROMAN- A
NEW NON-STEROIDAr ORAL CONTRACEPTIVE IN MULTIPLE TEST
SYSTEMS

A.K. Giri,K.A. Khan and S. Banerjee
Division of Toxicology, Central Drug Research Institute,
Lucknow- 226 001, India

Centchroman-a new nonsteroidal oral contraceptive has been
developed by the Central Drug Research Institute, Lucknow,
India and has been successfully marketed in India for last
three years. It was non-mutagenic in bacterial mutagenicity
assay and non-genotoxic in bone marrow cells of mice. 11
has been reported to bring about remission of lesions in
some breast cancer patients and recently also found in the
clinical trials of breast cancer patients in CD.K.I. Jn
the present study the anti-mutageni c effects of centchroinan
has been carried out in bacterial mutagenicity assay and i n
vivo sister chromatid exchange (SCE) and chromosome (CA)
assays in bone marrow cells of Swiss albino female mice.
Different concentrations (1,5,10,50,100 and 1000 uy/plate)
of centchroman was tested for the anti-mutagenic effects
against the known positive mutagen on Salmonella strains
TA100 and TA97a in both plate incorporation test and pre-
incubation test with and without metabolic activations. A
significant decrease in revertant colonis of both the
strains TA100 and TA97a was observed in the concentrations
5,10 and 50 ug/plate with positive compounds in both plate
test and preincubation test without metabolic activation.
Experiments with metabolic activation is under progress and
will be presented in the conference. In the in vivo SCV.
assay different doses (10,20 and 40 mg/kg) of centchroman
were gavaged to the female mice for seven days prior to the
treatment of a known carcinogen Dimethylbenz(a(anthracene
(DMBA). A significant decrease in SCE was observed in both
the DMBA treated groups of mice pretreated with 10 and
20 mg/kg of centchroman when compared with the only DMBA
treated (received no pretreatment of centchroman) group.
Similar experiment of CA is also under progress and will be
presented at the conference. These results indicate that
centchroman can reduce the mutagenic and genotoxic effects
of known carcinogens.
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EFFECT OF CADMIUM CHLORIDE ON PROCESSES OF TISSUE
RESPIRATION, FREE RADICAL OXIDATION AND MICROSOMAL SYSTEM
OF DETOXIFICATION

Ya. I. Honsky and M.M. Korda
Medical Institute, Ternopil, Ukraine

There are undeniable proofs of the connection between the environment
contents of metals and carcinogenesis. The increase metal arriving into organism
causes their accumulation in genetic apparatus. Consequently mutations appear and
cell malignization takes place. Some metals may interact with the active centers o[
inultifunctioning enzyme systems changing their activity and causing the formation
of the active carcinogens from the exo- or endogenic procarcinogens. A number of
the last years publications witness about carcinogenic properties of the cadmium and
its combinations.The purpose of our investigations was studding of the effect of
cadmium chloride subcutaneous injection on the intensity of tissue respiration, free
radical oxidation and micros*nnal system of detoxification of the liver and brain in
the experiments carried out with one-month rats. Carcinogenesis alter the cadmium
chloride injection in dose 3mg/kg was confirmed by the histomorphological methods.

The dynamics of the tissues respiration in three metabolic conditions and the
respiratory control according to Lardy and Wellman demonstrated that cadmium
chloride suppresses the electron transport in respiratory chain and dissociates the tissue
respiration with oxidative phosphorylation. Cadmium chloride also activates free
radical reactions in the blood, liver and brain. This fact is confirmed by the intensified
chemiluminescence. For the process oi' cadmium carcinogenesis we observed the
decrease of EPR-signals conditioned by ferrosulphuric proteins and oppression of the
activity of the microsomal detoxication system concerning the utilization of the
carcinogens.

A conclusion may be drawn that cell system of the energy production and
detoxication undergo the essential changes in cadmium chloride carcinogenesis.
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MOLECULAR ANALYSES OF IONIZING RADIATION-INDUCHD
GENETIC RISK

A.W.Hsie' and J. L. Schwartz2

'Department of Preventive Medicine and Community I lealth. The University of
Texas Medical Branch, Galveston, TX 77550 USA and "Center for Mechanistic
Biology and Biotechnology, Argonne National Laboratory, Argonne. IL 60439,
USA

We have isolated independent Cl 10 cell mutants at the hypoxanthine-guaninc
phosphoribosyltransferase (hprt) locus from untreated. W)Co T ray-, and 2l2Bi u-
exposed cells and the molecular changes underlying the mutation determined by
multiplex polymerase chain reaction (PCR)-based exon deletion analysis. Both
the parental CHO-K1 cells and the radiation-sensitive mutant xrs-5 were studied.
The radiosensitive xrs-5 cells is defective in DNA double-strand break rejoining
ability and in V(D) J recombination which can be complemented by Ku protein.
In the 71 spontaneous CHO-K1 hprt mutants analyzed, 78% showed no change
in exon number or size, 20% showed loss of 1-8 exons (partial deletion), and 3%
showed loss of all nine hprt exons (total deletion). Exposure of CIIO-K1 cells to
6 Gy of y rays, which reduced survival levels to 10%, produced a high deletion
spectrum with 45% of the 20 mutants analyzed showing a loss of 1-8 exons and
30% showing total deletion. Exposure to an cquitoxic dose of a radiation from
2l2Bi, a 220Rn daughter, resulted in a sprectrum similar to the y-ray spectrum in
that more than 75% of the 49 mutants analyzed were deletions. The a-radiation,
however, tended to produce larger intragenic deletions than y radiation. 01" the
87 spontaneous xrs-5 mutants analyzed for deletions 44% showed a loss of 1-8
exons, and 14% showed total deletion. These suggest that in certain regions of
the hprt gene, base alterations can be converted into large deletions, and that
alteration in the Ku protein complex can influence this process. Exposure to u
radiation (10% survival) resulted in a deletion spectrum similar to that seen in
CHO-K1 cells. Of the 49 mutants analyzed, 43% showed no change in exon
number or size, 16% showed a loss 1-8 exons, and 4 1 % showed total deletion.
While the defect in xrs-5 has a profound effect on spontaneous mutant spectra, it
does not appear to affect cc-induced mutation spectra. (Supported by NCI grant
1RO1CA56434).
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REPEATED MEASUREMENTS OF in vitro DIEPOXYBUTANE INDUCED
SISTER CHROMATID EXCHANGES IN HUMAN LYMPHOCYTES.

S. LANDI°, I. PONZANELLI°, H. NORPPAg, A. HIRVONEN§ and R.
BARALE"

Dipartimento di Scienze dell'Ambiente e del Territorio,
via S. Giuseppe 22. Universita di Pisa. Italia.
§ Laboratory of Molecular and Cellular Toxicology,
Department of Industrial Hygiene and Toxicology.

ABSTRACT

The spontaneous and Diepoxybutane (DEB) induced Sister
Chromatid Exchanges (SCEs) were examined in cultured
peripheral lymphocytes from 7 healty donors. The
measurements were repeated several times over than an year
and donors were genotypized for the presence of
Glutathione-S-transferase Ml e Tl genes. In this way it
was possible to assess the SCE-inducing activity under
defined experimental conditions and find a useful
parameter for sensitivity evaluation to genotoxic stress
of human beings.

Our results indicate the steadiness of SCEs induction.
Moreover interindividual variability is very higher than
intra-individual fluctuations along the time, in fact
variance explained by donors is roughly 27-fold than that
explained by sampling. Three high-respondent individuals
has been identified in the sample and their phenotype is
supported by a GSTTl-null genotype, while no effects can
be ascribed by GSTM1 genotype. This finding suggest
possible association between GSTT1 gene and individual
sensitivity to genotoxic effects by DEB.
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CYTOGENETIC ANALYSIS IN GOMEL CHILDREN AFTER CHERNOBYL
ACCIDENT: 5. DIEPOXYBUTANE (DEB)-RESPONSIVENESS IN CANCER
AND HEALTHY CHILDREN.

Stefano Landi, Isabella Ponzanelli and Roberto Barale.

Dipartimento di Scienze dell'Ambiente e del Territorio.
Via S. Giuseppe 22, 56100 Pisa. Italy.

35 children (16 sufferniq for thyroid cancer and 19
apparently healthy) coming from the Gomel reqion
contamined by the fallout of Chernobil accident have been
studied for their susceptibility to genotoxic effects
inducede by diepoxybutane (DEB). The screening has been
performed by in vitro treating peripheral blood
lymphocytes and analysing chromosomal aberration (CAs) and
sister chromatid exchange (SCEs) induced frequencies.
No significant differences between thyroid-cancer patients
and controls were observed. Therefore, the spontaneous
higher CA frequencies observed in the former group might
be attributable either to higher acute initial exposure
or continous chronic exposure rather than to an higher
individual susceptibility.
Moreover, the lack of correlation between CAs and internal
contamination, assessed by evaluating blood levels of Cs
or K radio-nuclides, suggests that the most important
factor in determining the observed incrases of CAs might
be explained by the acute exposure immediately following
the accident, rather than the cronical exposure to
contamined environment.
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INDIVIDUAL IN VITRO RESPONSIVENESS TO DIEPOXYBUTANE IS
DETERMINED BY A POLYMORPHIC RED-CELL LOCATED FACTOR

Stefano Landi" , Isabella Ponzanelli and Roberto Barale.

Dipartimento di Scienze dell'Ambiente e del Territorio.
Via S. Giuseppe 22, b6100 Pisa. Italy.

ABSTRACT

Previous authors investigated individual responsiveness to
mutagens by assessing cytogenetic damages following in
vitro treatment of lymphocytes. Uiepoxybutane (DEB) has
been used to assess chromosome instability either in
repair-deficient and normal people. Bimodal distribution
of sister chromatid exchanges (SCEs) or chromosomal
aberrations (CAs) frequencies has been observed in normal
people. We investigated on the possible factors
determining the "high-respondent" phenotype. in fact the
bimodal-shaped distribution suggested the presence of a
single factor responsable of this phenotype.
Co-cultivation and blood separations experiments have been
performed and high-responders seem characterized by
reduced efficiency of antagonize DEB genotoxicity by red
cells. Our data show that red blood ceils are involved in
determining the sensitivity of lymphocytes to DEB-induced
SCEs and, in low-responders, protect lymphocytes against
genotoxicity determining a reduction of 97% of SCE
frequencies. On the other hand plasma contributes to an
additional decrease of roughly 8%.
The existence of a polymorphic factor in red cells
involved in DEB detoxification is supposed.
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INDIVIDUAL SUSCEPTIBILITY TO ASBESTOS-RELATED MALIGNANT

MESOTHELIOMA

Kaija Linnainmaa. Katarina Pelin and Ari Hirvonen

Finnish Insiiiute of Occupational Health, Helsinki, Finland

Attempts to identify individuals who are genetically vulnerable to environmentally

induced cancers have focused on the polymorphisms of various drug metabolizing

enzymes including glutathione S-transfcrase Ml (GSTM1) and N-acctyltransfcrase 2

(NAT2). We evaluated the risk of GSTMI null genotype and slow acctylation

associated NAT2 genotype in relation to asbestos exposure in a study involving 45

Finnish mesothelioma patients. Both the GSTMI null genotype and the NAT2 slow

acetylator genotype placed the individuals at about two-fold increased risk of

developing malignant mesothelioma (OR=1.8, 95% CI 1.0-3.5; and OR=2.1. 95% Cl

1.1-4.1, respectively), the risk associated with these genotypes was mostly

attributable 10 high asbestos exposure (OR=2.3, 95% Cl 1.0-5.6; and OR=3.7, 95%

Cl 1.3-10.2 for the GSTMI and NAT2 genes respectively). We have also studied the

ability of amosite asbestos to induce chromosomal aberrations in cultured human

mesothelial cells of different GSTMI genotypes in vitro. Chromosome aberration

analyses were obtained from six cases, three of them with the GSTMI null genotype.

Statistically significant increases in the number of aberrant cells exposed to 1 and 2

|jg/cnr of amosite were observed in two cases, both of GSTMI positive genotypes.

Cell cultures from four individuals, one of the GSTMI positive and three of the

GSTMI null genotype, showed only minor or no increases in the numbers of aberrant

cells after amosite exposure. No association between the lack of the GSTMI gene and

chromosomal aberrations induced by asbestos was observed, but GSTMI null cells

appeared to be more sensitive to the growth inhibitory effects of asbestos, than did

GSTMI positive cells.
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ELLECT ()l ; (iSTMl GENOTYPE ON DNA DAMAGE ANALYSED BY
THE COMET ASSAY

(i. Mrackova, K. Pcterkova, T. Pilci'k, J. Dejmek, R.J. Sram

Laboratory of Genetic Ecotoxicology, Regional Institute of Hygiene of Central
Bohemia and InstituteorExpcrimental Medicine, Academy of Sciences, Prague,
Czech Republic

(ilutathione S-translerases are important en/yines responsible tor the
detoxification of active metabolites of many environmental niutagens.
The GSTM1 isoenzyme is polymorphic in humans. Individuals lacking the
(iSTM 1 gene could be at higher risk of cancer The Comet assay detects DNA
strand breaks resulting from exposure to different chemical agents or complex
mixtures causing direct breakage or alkali-labile sites.
The aim of the present study was to analyze whether the GSTM 1 genotype is
related to the level of in vivo DNA damage in the polluted and control district.
We used project "Pregnancy Outcome" to obtain biological materials. Two
groups of subjects were followed: pregnant women fr<im the polluted district
of Teplice (! 56 women) and control set of pregnant women living in the div.net
of Prachatice (115 women). Peripheral blood was used for the Comet assay and
DNA was isolated from placentas for genotyping.
The effect of GSTM1 genotype was studied in the relationship to these Comet
assay parameters: percentage of DNA in tail of comet image (T%), tail length
measured from edge of a comet head (TL) and tail moment (TM), using SAS,
version 6.08. Detailed statistical evaluation is in progress.

This work was supported by the Czech Ministry of Environment, PHARE II,
EC7HEA/18/CZ and EU CIPA-CT94-0129.
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Till- Al l l l NONINDUCIBIT (.'57111710 ( O N ( i I N I C M K T ARI
NOMOZYCJOUS IOR DBA/ : SPK ' I I IC Al I H I S Al Mil ahr (il"NI :

l . l N K i n /)/J>A//72 I .OC'l IS.

A.L. I'awlak.. A. Plawski ami R. Jaskiila-S/lnl.

Inslilulc of Human (Jenelics. Po/.nan. Poland

(ienelic polymorphism of Ah receptor (nhr) signiUcantly inllucnces sensitivity to
toxic and genoto.xic effects of aryl hydrocarbons in mammals. The most
studied pair of strains in that respect: the Al l l l (arvl hydrocarbon
hydioxylase) inducible C57BI7K) ((ihrf)nhrf>) and the noninducihle DBA .'
(ah^'ahr*') tlilTcr. however, considerably in Ihe genclic backgiound. Tins is an
obstacle for assessment of the contribution of the ahr alleles to the observed
differences in sensitivity to benzo(a)pyiene. Allei 1 I cycles of selection foi (he
prolonged zoxn/nlaminc paralysis lime the C571J1710 aliix'ahi mice congenic t*>
the indiiciblc C57HI7K) ahr'ahr' strain weie oblaincd. The measiiiemenls ol
induction of SCTis and of (jiianlily of IJI 'DF-DNA adducls showed that, on
average, M)% of the deference noted belwccn the parent strains may be
attributed to the Ah locus alleles (I'awlak and Jasktila-Szliil. \:.IMS Meet .
l()()4). Here the Al i i i noninduciblc C57Ui,/IO congenic mice are characterized
for the genetic niaikcrs of interslrain differences, between the parent strains. The
most significant is the finding of homozygosity for the DBA/2 specific allcle of
ihe ahr locus linked D12Mit2 locus for the polymorphic simple sequence repents
(SSR). The results of study of 8 other, not ahr-liukcd genetic markers of
inlerslrain differences will be presented. In principle results con firm the
genetic background of CS7BL/10 in the congenie strain.
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A STUDY ON 4-NITROQUINOLINE-l-OXIDE (4NQO) INDUCED DAMAGE
PERSISTENCE.

Isabella Ponzanelli, Stefano Landi and Roberto Barale.
Dipartimento Scienze Ambiente e Territorio, Universita degli
Studi di Pisa, via S. Giuseppe 22 56100 Pisa, ITALY.

Liquid holding (LH) recovery was matched with three-way
differential staining (TWD) to assess the reduction of
damage induced in DNA following treatment with 4-
nitroquinoline-1-oxide (4NQO; 10~4M) in resting (GO)
human lymphocytes. Blood samples from three healthy donors
were used to evaluate the lesion persistence and the
individual repair capacity. Our data suggest that LH
recovery is completely inefficient on removing 4NQO induced
lesions which are only partially repaired after one cell
cycle; a comparison with diepoxybutane induced damage is
also shov/n. The finding of a donor with a significantly
persistent damage after three cell cycles confirms that our
protocol makes it possible to distinguish among individuals
not only in Go phase repair but also in lesion persistence
after cell divisions.

This contribution is part of the Ph. D. thesis of Dr.
Isabella Ponzanelli.
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DIFFERENT PERSISTENCE OF INDUCED DAMAGE AMONG DONORS
ANALYSED WITH LIQUID HOLDING (LH) AND THREE WAY DIFFERENTIAL
STAINING (TWD).

Isabella Ponzanelli and Roberto Barale.
Dipartimento Scienze Ambiente e Territorio, University degli
Studi di Pisa, via S. Giuseppe 22 56100 Pisa, ITALY.

A cytogenetic screening has been carried out on a small
sample of healthy donors. Blood cultures were treated in Go
phase with a single dose of diepoxybutane (DEB; 39uM); after
the cell washing, cultures were recovered either in complete
medium without phytohemagglutinin (PHA) for 96 hours (LH) or
with PHA and a low dose of bromodeoxyur id ine (BrdU;
0.68ug/mL). After 51 h, a second higher dose of BrdU
(4.5ug/mL) was added. The different amount of BrdU in the
medium allows to distinguish among the sister chromatic!
exchanges occurring in first (SCE I), second (SCE 11) or
third (SCE III) cell division (TWD).
Preliminary results show an highly significant difference in
(Treated - Control) SCE means between 0 and 96 hours of I,H
(p<0.001).
No difference among donors was observed in control cultures
or DEB treated without LH recovery. However, an highly
significant difference among donors was observed in treated
cultures after 96 hours of LH (p<0.01).
This probably means that a different efficiency on GO phase
repair allows, after LH, a discrimination among individuals
with a similar initial level of induced damage.

This contribution is part of the Ph.D. thesis of Dr.
Isabella Ponzanelli.
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LONGITUDINAL STUDY ON PEOPLE OCCUPATIONALLY EXPOSED TO
PESTICIDES: CYTOGENRTIC MONITORING AND CHARACTERIZATION
OF GSTM1, GST'N AND NAT2 GENOTYPE

R. Scarpato, [,. Micjli.ore, G. Fa Ink*, A. Hirvonen", H.
Norppa*

Dipartimento cli Scienze dell' AmbLente e de L Territorio,
Universita d.i Pisa, Pisa, Italy
*Finnish I n s t 1 I: u t e of Occupational Health, Helsinki,
Finland

Occupational exposure of floriculturists is
characterized by a cyclic working activity in which
intense pesticide spraying seasons alternate to periods
of reduced or null exposure. The induction of sister
chromatid exchanges (SCE), structural chromosome
aberrations (CA) or micronuclei (MN) was longitudinally
investigated in peripheral lymphocytes of a group of
Italian floriculturists and of their matched controls.
Blood samplings were performed one month later the end
and during intensive culture treatments in order to cover
a period of low and high exposure respectively. Of each
donor, genotype composition for the glutathione-S-
trrmsferase Ml (GSTM1), Tl (GSTT1) and N-
acetyltransferase 2 (NAT2) loci, three polymorphic genes
involved in the xenobiotic metabolism, was also carried
out to assess if interindividual variations might
influence the expression of genotoxicity. No
statistically significant difference in the frequency of
cytogenetic damage was detected between exposed and
control subjects in both samplings, while smoke was found
to affect both SCE and CA levels. Compared to non-
smokers, multiple regression analysis showed smokers
significantly increased their SCE or CA levels. In
general, cytogenetic results are not influenced by
genotype composition, whereas an interaction smoke-GSTMl
was observed in the case of CA assay. GSTM1 null (GSTM1-)
smokers, which seem to be more sensitive to lung cancer,
are proved to experience higher CA frequencies than GSTM1
positive (GSTM1+) smokers. On the contrary, there is no
significant difference in CA frequency among non-smokers
between GSTM1- and GSTM1+ subjects.
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U l h C T Ol- CiSTMl GENOTYPE ON DNA DAMAGE ANALYSED BY
THE COMET ASSAY

(i. Mrackova. K. Peterkova, T. Pilci'k, J. Dejinek. R.J. Sram

Laboratory of Genetic Ecotoxicology, Regional Institute of Hygiene of Central
Bohemia and Instituteof Experimental Medicine, Academy of Sciences, Prague,
Czech Republic

(ilutathione S-transferases are important en/yincs responsible for IIKJ

detoxification of active metabolites of many environmental mutagens.
The CJSTMl isoenzymc is polymorphic in humans. Individuals lacking the
(iSTM I gene could be at higher risk of cancer The Comet assay detects DNA
strand breaks resulting from exposure to different chemical agents or complex
mixtures causing direct breakage or alkali-labile sites.
The aim of the present study was to analyze whether the GSTM1 genotype is
related to the level of in vivo DNA damage in the polluted and control district.
We used project "Pregnancy Outcome" to obtain biological materials. Two
groups of subjects were followed: pregnant women from the polluted district
of Teplice (if>6 women) and control set of pregnant, women living in the district
o( Prachatice (113 women). Peripheral blood was used for the Come* assay and
DNA was isolated from placentas for genotyping.

The effect of CiSTMl genotype was studied in the relationship to these Comet
assay parameters: percentage of DNA in tail of comet image (T%), tail length
measured from edge of a comet head (TL) and tail moment (TM), using SAS,
version 6.08. Detailed statistical evaluation is in progress.

This work was supported by the Czech Ministry of Environment, PHARE II,
EC/HEA/18/CZ and EU CIPA-CT94-0129.
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T i l l - M i l l NONINMICIHI . r C"57BI./IO ( l ) N ( i l N I C ' M K T ARI
H()M()ZY(J()US IOR DBA/2 S P K ' H I C Al I I I I S A I I 111 nhr ( i l N I

A.L. Pawlak.. A. Plawski and R. Jaskula-S/lul
Inslilute of Human Genetics. I'oznan. Poland

Genetic polymorphism of Ah receptor (ahr) significantly iiillncnccs sensitivity to
toxic and genotoxic effects of aryl hydrocarbons in mammals. 1 'lie most
studied pair of strains in lliat respect: (lie A l l l l (aivl Indiocailmn
hydroxylase) indticilile C57BI./M) (nhr^ahr1') and the noniiidiiciMe DBA•.'
{ahr^'alv ) diHcr, however, consider ably in (lie genelic Itackgiotind I his is an
obstacle for assessment of the contribution of the nhr alleles to the observed
differences in sensitivity to ben/.o(n)pyreiie. Aller I I cycles of selection (01 the
proloimcd zoxazolamine paralysis time the C57IJ1 ./10 ahr('ahr/' mice coimenic to
the inducible C57BI./I0 nhr'ahr" strain were obtained. The measurements of
induction of SCMs and of (|(iantily o fH I 'D I ' -DNA adducls showed lhal. on
average, 50% of the dilference noted between the parent strains may be
attributed to the Ah locus alleles (I'awlak and Jaskula-S/.lul. I'.lvMS Meet..
l ()°'l). Here the A l i i i noninducible C57B!,/IO congenic mice are characterized
for the genetic markers of interslrain differences, between the parent strains. The
most significant is the finding of homozygosity for the DBA/2 specific allcle of
the ahr locus linked D12Mit2 locus for the polymorphic simple sequence repents
(SSR). The results of study of 8 other, not ahr-linkcd genetic markers of
inlerstrain differences will be presented. In principle results confirm the
genetic background of C57BL/I0 in the congenic strain.
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A STUDY ON 4-NITROQUINOLINE-l-OXIDE (4NQO) INDUCED DAMAGE
PERSISTENCE.

Isabella Ponzanelli, Stefano Landi and Roberto Barale.
Dipartimento Scienze Ambiente e Territorio, Universita degli
Studi di Pisa, via S. Giuseppe 22 56100 Pisa, ITALY.

Liquid holding (LH) recovery was matched with three-way
differential staining (TWD) to assess the reduction of
damage induced in DNA following treatment with 4-
nitroquinoline-1-oxide (4NQO; 10~4M) in resting (GO)
human lymphocytes. Blood samples from three healthy donors
were used to evaluate the lesion persistence and the
individual repair capacity. Our data suggest that LH
recovery is completely inefficient on removing 4NQO induced
lesions which are only partially repaired after one cell
cycle; a comparison with diepoxybutane induced damage is
also shown. The finding of a donor with a significantly
persistent damage after three cell cycles confirms that our
protocol makes it possible to distinguish among individuals
not only in Go phase repair but also in lesion persistence
after cell divisions.

This contribution is part of the Ph. D. thesis of Dr.
Isabella Ponzanelli.
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DIFFERENT PERSISTENCE OF INDUCED DAMAGE AMONG DONORS
ANALYSED WITH LIQUID HOLDING (LH) AND THREE WAY DIFFERENTIAL
3TAINING (TWD).

Isabella Ponzanelli and Roberto Barale.
Dipartimento Scienze Ambiente e Territorio, Universita degli
Studi di Pisa, via S. Giuseppe 22 56100 Pisa, ITALY.

A cytogenetic screening has been carried out on a small
sample of healthy donors. Blood cultures were treated in Go
phase with a single dose of diepoxybutane (DEB; 39uM); after
the cell washing, cultures were recovered either in complete
medium without phytohemagglutinin (PHA) for 96 hours (LH) or
with PHA and a low dose of bromodeoxyuridine (BrdU;
0.68ug/inL) . After 51 h, a second higher dose of BrdU
(4.5ug/mL) was added. The different amount of BrdU in the
medium allows to distinguish among the sister chromatid
exchanges occurring in first (SCE I), second (SCE 1L) or
third (SCE III) cell division (TWD).
Preliminary results show an highly significant difference in
(Treated - Control) SCE means between 0 and 96 hours of Ml
(p<0.001).
No difference among donors was observed in control cultures
or DEB treated without LH recovery. However, an highly
significant difference among donors was observed in treated
cultures after 96 hours of LH (p<0.01).
This probably means that a different efficiency on GO phase
repair allows, after LH, a discrimination among individuals
with a similar initial level of induced damage.

This contribution is part of the Ph.D. thesis of Dr
Isabella Ponzanelli.
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LONGITUDINAL STUDY ON PEOPLE OCCUPATIONALLY EXPOSED TO
PESTICIDES: C.YTOGENRTIC MONITORING AND CHARACTERIZATION
OF GSTM1, GS'HM AND NAT? GENOTYPE

R. Scarpato, I,. Miql i.ore, G. Falok*, A. H i rvonen*, H.
Norppa*

Dipartimento di Scienze dell' Ambiente e del Territorio,
Universita di Pisa, Pisa, Italy
^Finnish Insti I: u he of Occupational Health, Helsinki,
Finland

Occupational exposure of floriculturists is
characterized by a cyclic working activity in which
intense pesticide spraying seasons alternate to periods
of reduced or null exposure. The induction of sister
chroniatid exchanges (SCE), structural chromosome
aberrations (CA) or micronuclei (MN) was longitudinally
investigated in peripheral lymphocytes of a group of
Italian floriculturists and of their matched controls.
Blood samplings were performed one month later the end
and during intensive culture treatments in order to cover
a period of low and high exposure respectively. Of each
donor, genotype composition for the glutathione-S-
tr.iiisf erase Ml (GSTM1), Tl (GSTT1) and N-
acetyltransferase 2 (NAT2) loci, three polymorphic genes
involved in the xenobiotic metabolism, was also carried
out to assess if interindividual variations might
influence the expression of genotoxicity. No
statistically significant difference in the frequency of
cytogenetic damage was detected between exposed and
control subjects in both samplings, while smoke was found
to affect both SCE and CA levels. Compared to non-
smokers, multiple regression analysis showed smokers
significantly increased their SCE or CA levels. In
general, cytogenetic results are not influenced by
genotype composition, whereas an interaction smoke-GSTMl
was observed in the case of CA assay. GSTM1 null (GSTM1-)
smokers, which seem to be more sensitive to lung cancer,
are proved to experience higher CA frequencies than GSTM1
positive (GSTM1+) smokers. On the contrary, there is no
significant difference in CA frequency among non-smokers
between GSTM1- and GSTM1+ subjects.
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GENETIC POLYMORPHISMS AND SMOKING-RELATED LUNG CANCER IN A
HUNGARIAN POPULATION

B. Schoket1. D.H. Phillips2, S. Kostic3 and I. Vincze1

^National Institute of Public Health, Budapest, Hungary; ^Haddow
Laboratories, Institute of Cancer Research, Sutton, UK; ^National Institute of
Pulmonology, Budapest, Hungary.

Genetic differences in the metabolic activation and detoxification of potential
carcinogens are considered to be important host factors in human
carcinogenesis. Cytochrome P-4501A1 and glutathione S-transferase M1 are
involved in the biotransformation of tobacco-derived polycyclic aromatic
hydrocarbons, and their genetic polymorphisms have been found in
association with different susceptibilities for lung cancer in various
populations. To explore further the relationships between genetic
susceptibility factors and smoking-related lung cancer, GSTM1, CYP1A1 Mspl
and Ile-Val genetic polymorphisms have been investigated in a Hungarian
population comprising 278 patients undergoing lung surgery and 433 healthy
controls. Fourty one % of the patients had squamous cell carcinoma, 3 1 %
had adenocarcinoma and 14% had non-cancer lung diseases. The overall
genotype frequencies in the patients' population were the same as in the
healthy population. The frequency of GSTM1 null genotype was 49.6% in the
whole population. The distribution of CYP1A1 Mspl genotypes was found to
be 79.8% for m1/m1, 19.3% for m1/m2 and 0.7% for m2/m2 genotype,
respectively. One individual oui of 699 exhibited a unique Mspl resiticiiun
site. 93.5% of the population were homozygous for CYP1A1 lle/lle genotype,
6.5% were Ile/Val heterozygous, whilst the rare homozygous Val/Val
genotype was not represented. Complex patterns of GSTM1 and CYP1A1
Mspl genotype frequencies were observed in different histological types of
lung cancer. There were no significant differences in the squamous cell
carcinoma and adenocarcinoma groups compared with the healthy controls
and the non-cancer patients. However, the large cell carcinoma group (n = 12)
exhibited significantly different Mspl and GSTM1 polymorphisms, 50%
m1/m1 and 83% positive, resp., from those of the healthy controls and the
squamous cell carcinoma patients. GSTM1 positive and CYP1A1 Mspl m1/m1
genotypes were found significantly more frequent among the non-cancer
smokers, than among cancer smokers, however, their combination could not
be a protective factor against a non-malignant lung disease. Lack of
correlation was observed between the cumulative cigarette dose and the
genotypes. There was a significant relationship between thasmoking status
and aromatic DNA adduct levels, determined by the ^ P-postlabelling
technique, in macroscopically normal bronchial tissues from the lung patients.
However, there was a lack of correlation between the genotypes and the
DNA adduct levels. In a multiple logistic regression analysis model for the
study population, smoking and GSTM1 null genotype were found as risk
factors for lung cancer, however, the effect of bronchial DNA adduct levels
and CYP1A1 Mspl genotype was not significant.
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ANTIMUTAGENIC EFFECTS OF SYNTHETIC ANTIOXIDANTS BUTYLATED
HYDROXYANISOLE AND STOBADINE IN VITRO

D.Slamenova1, E.Horvathova1 & L.Wsolova2

Cane Res Inst of Slovak Academy of Sciences, 812 32 Bratis-
lava, Slovak Republic
The Inst of Prev and Clin Medicine, 833 01 Bratislava,
Slovak Republic

We studied the influence of butylated hydroxyanisole (BHA)

and stobadine (STB) on cytotoxicity, mutagenicity and level

of DNA breaks induced by N - methyl - N"-nitro - N - nitro-

soguanidine (MNNG) in cells V79 incubated in vitro. Anti-

mutagenic effects of BHA and STB were different. While BHA

decreased the level of MNNG-induced mutations without any

regard to the type of BHA application and the most effective

antimutagenic effects manifested an contemporary exposition

of cells to BHA and MNNG, the highest antimutagenic effect

of STB was observed if the drug was given as a pre - treat-

ment before exposure of cells to MNNG. All other combina-

tions of MNNG- and STB- treatment led to the weaker but

statistically significant decrease of 6-TGr mutations. To

determine the level of DNA lesions induced by MNNG alone and

by combine effects of antioxidant and MNNG we observed the

level of single strand breaks of DNA by alkaline elution of

DNA . Some possible explanations of antimutagenic effect of

BHA on MNNG-induced mutagenicity is discussed.
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DNA ADDUCTS INDUCED BY ENVIRONMENTAL POLLUTION IN
HUMAN PLACENTA AND THEIR RELATIONSHIP TO METABOLIC
GENOTYPES

J. Topinka. B. Binkova, G. Mrackova, J.Dejmek and R.J. Sram
Regional Institute of Hygiene of Central Bohemia, c/o Institute of Experimental
Medicine, Prague, Czech Republic

Human placenta is readily available tissue with metabolic activity for many
chemicals providing integrated measure of exposure by potentially carcinogenic
agents such as polycyclic aromatic hydrocarbons. Therefore the detection of DNA
adducts in placenta of mothers living in polluted areas could be a good biomarker
of exposure to genotoxic agents. Interindividual variation in genetic susceptibility
to environmental exposures is recognized as a factor in chemical carcinogenesis.
Many genes involved in the metabolism of genotoxic compounds are polymorphic,
i.e. they show allelic variation, in humans. One of these is glutathione S-transferase
gene GSTM1, which is important in the detoxification of several carcinogens,
including polycyclic aromatic hydrccarbons.
We studied DNA adducts in placenta in relation with metabolic genotype for
GSTM1 in areas with different annual average air pollution levels: Northern
Bohemia - District of Teplice as polluted industrial a;ea (mines, power plants)
and Southern Bohemia -District of Prachatice as agricultural area without heavy
industry. DNA adduct levels were determined by 32P-postlabelling assay using
butanol extraction enrichment procedure with detection limit about 0.01-0.02
adducts/l()s nucleotides. GSTM1 polymorphism was studied using PCR method
and negative genotype was identified on the basis of the absence of the GSTM1-
specific fragment.
100 placenta samples were analysed from non-smoking mothers, 50 from each
area studied. We studied the relationship between GSTM1 genotypes and DNA
adduct levels in diagonal zone of radioactivity (DRZ) representing various DNA
adducts induced by complex mixture of pollutants. Placentas were also subdivided
in summer (June-September 1994) and winter (December 1994- March 1995)
sampling period to look for seasonal variation of DNA adduct levels. Preliminary
data analysis showed that seasonal variation of DNA adduct levels is more
significant than differences between both compared districts which corresponds
to the seasonal variations of the air pollution by carcinogenic polyaromatic
hydrocarbons. Detailed statistical evaluation of results is in progress.
This project was supported by Czech Ministry of Environment (Teplice Program),
PHARE (Contract EC/HEA/18-CZ) and by EEC grant ERBCIPDCT-930047.
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MODULATION OF DNA BINDING IN VIVO BY SPECIFIC HUMORAL
IMMUNOLOGICAL RESPONSE: A NOVEL HOST FACTOR IN
ENVIRONMENTAL CARCINOGENESIS?

A.Verdina, R.Zito, G.Cortese, A.Zijno* and R.Crebelli*

Istituto Regina Elena and *Istituto Superiore di Sanita', Rome, Italy

Several investigations demonstrate the occurrence of antibodies directed against PAH-
DNA adducts in sera of humans occupationally exposed to PAH (Harris et al., 1985;
Haugen et al., 1986), in the urban population (Newman et al., 1988), as well as in mice
chronically exposed to PAH (Lee and Strickland, 1993). This indicates that chronic
carcinogen exposure may elicit a specific immunological response, with the potential
significance of exposure marker in human biomonitoring (Wogan, 1988). On the other
hand, no information is available on the biological significance of such carcinogen-
induced immune response, and in particular on its ability to modulate the effects
produced by the carcinogen itself. In order to provide some insights on this
phenomenon, in this study a specific humoral immune response toward 2-
acetylaminofluorene (2-AAF) was elicited in Swiss mice with repeated i.p. injections of
a 2-AAF-gelatin conjugate. The immunization procedure resulted in the production of
specific anti-2-AAF antibodies in all treated animals. Groups of immunized and non
immunized mice were subsequently fed 2-AAF pelleted in the diet at 50 and 150 ppm
for 4 weeks. At the end of 2-AAF administration, animals were sacrificed and the
content of 2-AAF-adducts in liver and spleen DNA was determined by ELISA using a
polyclonal rabbit antiserum. The comparison of the adduct levels in immunized and non
immunized mice (receiving either the solvent or the adjuvant alone during pretreatment)
demonstrates a highly significant difference among groups, with far lower adduct levels
in immunized animals: for example, with the 50 ppm treatment liver DNA adducts were
100+9 fmoles/u.g DNA in controls (n=14), 115±15 in mice receiving the adjuvant alone
(n=ll), and 47±13 in immunized animals; at the same 2-AAF dosage, spleen adducts
were 109±12, 109±10, and 51+9 fmoles/ug DNA respectively. No significant difference
in food consumption or liver metabolic activities was observed among experimental
groups, suggesting the absence of external bias to the study. The mechanism underlying
the intriguing result observed is not elucidated. In any case, the experimental data
strongly suggest that the specific immunological response induced by recurrent
carcinogen exposure may exert a modulatory effect and act as a relevant host factor in
chemical carcinogenesis.
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TRANSPLACENTAL TRANSFER OF ENVIRONMENTAL GENOTOXINS -
BENZO(A)PYRENE-ALBUMIN

Herman AutrupT Astrid Beck Vestergaard and Henrik Okkels
Department of Environmental and Occupational Medicine, University of Aarhus,
Universitetsparken, Aarhus, Denmark.

Transplacental transfer of genotoxic material has been determined by measuring the
benzo(a)pyrene-albumin adduct level in serum isolated from mothers and umbilical
cord blood, using a competitive ELISA assay and the antibody (8E11) against
benzo(a)pyrene tetrols. Smoking women (median 5.54 fmol BP equiv/^g albumin;
21 cases) and non-smoking women living in rural areas (median 4.99; 30) had higher
adduct levels than non-smoking women living in suburbia (median 4.09; 37),
whereas non-smoking women living in the city of Aarhus had an intermediate level
(median 4.82; 40). Exposure to passive smoking did not modify the adduct levels.
When all non-smoking cases were combined, the transport time to/from the home
became a major contributing factor to the adduct level.
The median adduct level in umbilical cord blood was significantly lower than in
maternal blood, the maternal/foetal ratio being approximately 1.3, and a positive
association between the adduct levels in the mother and umbili al cord blood was
observed. The frequency of the GSTM1 null genotype in the study population,
female aged 19-4^, was 55.4%, but the GSTM1 genotype did not significantly alter
the serum albumin adduct level.
This study indicates that the competitive ELISA to detect benzo(a)pyrene bound to
serum albumin is sensitive enough to detect differences in the burden of genotoxic
compounds in non-occupational exposed individuals. The lower adduct level in
people living in suburbia suggests that local production of incomplete combustion
products, like vehicle exhaust or heat generation, is the major contributing factor to
genotoxic compounds in the general environment.
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CYT0GENET1C EFFECTS OF PCB 77 ON THE BROWN TROUT (Salmo trutta
fario)

K. Belpaeme.Lin Z. Delbeke K. and Kirsch - Volders M.
Free University Brussels,Brussels,BELGIUM.

PCBs (polychlorinated biphenyl's) are stable pollutants.which are found in almost
every compartment of terrestrial and aquatic ecosystems.They are very lipophilic and
therefore have the potency of accumulating in the fat stores of animals. Especially the
aquatic species (mammals and fishes) undergo health problems caused probably by
the PCBs.The mechanism by which PCBs exert their adverse effects are still unclear, li
is known that PCBs induce some important biotransformation en/vmes.but their
inutagenic properties are still controversial.
Our aim was to determine the DNA breakage and clastogenic potency of a planar PCB
(PCB 77) in vivo in fishes,using the single cell gel electrophoresis (SCCiE) and the
micronucleus (MN) assay on erythrocytes of the brown trout exposed for 3. 9 and
14 days to 8 ng/ml PCB 77 in water. Blood was taken by a caudal puncture and the
erythrocytes were either deposed in the agarose gel (0.6% ) for the SCCJE or smeared
directly on slides for the MN assay, 5 fishes were studied per treatment. 50 and 2000
erythrocytes per concentration were analysed for SCGE and MN respectively. EMS
(ethylmethanesulphonate) at a concentration of 25 ing/ml was used as positive control.
Although EMS induced a statistically significant increase of SS breaks using the
SCGE, in neither of the two tests used,positive results for PCBs were found.
In parallel PCB 77 was also tested on human lymphocytes. The lymphocytes were
exposed for 30 minutes, 1 hour,3 hours and 48 hours to PCB 77 (0.01.0.1.10.25.100
^g/ml).In contradiction with a previous work (Sargent et al., 1989).no increase of
either DNA SS breaks or MN was observed.The differences are probably related to
the fact that,in our experiment,the PCBs were tested at a final DMSO concentration
of 0.5 %,instead of 2 % as for Sargent.
The data indicate that PCB 77 does not have clastogenic properties in human
lymphocytes or fish erythrocytes.
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MONITORING OF POPULATION EXPOSURE TO ENVIRONMENTAL
POLLUTANTS

M. Cerna, B. Turek. V. Spevackova, P. Rossner. P. Silhava, 13. Benes, J. Smicl and
R. Kubinova.

National Institute of Public Health. Prague. Czech Rep.

The system of monitoring the environmental impact on population in Czech
Republic realized in six special subsystems has been established in 1991. The year
1994 was the first year of full practice. Monitoring of toxic substances in biological
material represents a substantial pail of the whole monitoring system. The aim of
the project is to secure the relevant information necessary for environmental
protection, health service policy and legislation. Investigation performed involve
representative population samples in selected areas of interest. Two areas with
"lower" and two with " higher" level of environmental pollution were selected for
this purpose. The presence of selected toxic substances in human biological
material suggests the exposure to the environmental pollution (biomarker of
exposure). The level of toxic metals (As. Cd, Ilg. Pb) and tract element content
was measured in blood and urine of adults (N ;= 847), in blood, urine and hair of 8
- 10 year-old children (N = 782) and in cord blood and placenta of women (N =--
640). The selected PCB congeners, chlorinated pesticides, phthalate derivatives and
aflatoxin were investigated in human milk and placenta of the same group of
women. Dibutylphthalate, diethylhexyl phthalate, I-011 pyrene and 3-OH
beuzo/a/pyrcne were monitored in the urine of adults. Ochratoxin was followed in
blood of adults. The detection of malondialdehyde was chosen for monitoring of
oxidative stress level in the organism. The obtained results will be compared with
the results of cytogenetic analysis performed at the same population groups.

The study was supported by the Government of the Czech Republic.
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MONITORING OF GENOTOXICITY IN Till: ENV1RONMI NT

M. Cema, A. Pastorkova ami J. Smid

National Institute of Public Health. Prague. Czech Hep.

Monitoring of genotoxicity in environmental media represents an integral part of
the monitoring system in Czech Republic. The Salnionella/niicrosome
mutagenicity is used for this purpose. Monitoring is carried out in two areas with
"lower" and two with "higher" level of environmental pollution. The tmitngenicity
of drinking water was followed regularly during the year with 20 water samples in
each area using TA98 and TAI00 tester strains and additionally also YGI04I
strain with elevated nitroreductase and O-acetyltrnnsfcrase activity The organic
contaminants from 200 I of drinking water were separated using organic polymer
Se,iaron SE, the adsorbed compounds were extracted with acetone. Exlraclahlc
organic matter in each sample was established gravimetrically. The mean number
of induced revertants were found in the range of 3 to 18 rev/I for TA()8-S(). 0 to
17.5 forTA98+S9, 28 to 170 for TAI00-S9. 12 !o 40/or TA 100'SO and 100 lo
200 for YG1041.
The air samples were taken in each year season with IIV sampler in amount of
200 - 400 m\ DCM was used for extraction of participate matter The
genotoxicity of airborne paniculate was tested with TA°8. TA98NR. TA100 and
YG1041 strains. The genotoxic response was found to be dependent on the
particular meteorological conditions, on the season and on the level of air
pollution. The number of TA98 induced revertants was about lOO/m'. for both

with and without the metabolic activation and for YG104I 300 - 800 rev/m(- The
YG tester strains seem to be more sensitive to environmental genotoxicants. The
metabolic activity did not influence substantially the mutagenic activity of tested
air samples. The relation of biological and chemical data will be compared.

The study was supported by the Government of the Czech Republic.
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MUTAGENIC ACTIVITY OF AMINOPHENAZINES IN SACCHAROMYCES AND TRA
DESCANT1A.

K.Chnisciolska, A.CVbulska-Wasilewska,1 B.Palka,1 B.Sitowska and M.Litwiniszyn1

Institute of Organic Industry, Warsaw, Poland
institute of Nuclear Physics, Cracow, Poland

Regardless of obvious advantages (e.g. larger crops) some chemicals used for plant
protection are hazardous to the environment and/or human health. The negative effects
might be: induction of cancer cell development, heredity defects, or even the "genetic
drift". The aim of this research was to evaluate mutagenicity of 2,3-diaminophenazine
(DAF) and 2-hydroxy-3-aminophenazine (HAF) that are contaminations of carbendazim,
a fungicide used for grain treatment and crop protection. The raw preparation and distilled
form of o-phenylenediamine, a compound that is a semi-product of carbendazim synthesis,
were also tested for mutagenic activity. Two test systems were applied in our studies:
mitochondrial mutations in Saccharomyces cerev/siae and gene mutations in stamen hair
cells of Tradescantia clone 4430. In both bio-assays applied the mutation frequency was
elevated for all tested compounds. Obtained data are in concordance with our earlier
results of Ames test demonstrating genotoxicity of DAF, HAF and o-phenylenediamine.
These findings indicate that, the level of contaminations in commercial chemicals should
be controlled because some impurities are genotoxic and may create a health risk.
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DIFFERENTIAL IN VIVO MUTAGENICITY OF THE CARCINOGEN-
NONCARCINOGEN PAIR 2,4- AND 2,6-DIAMINOTOLUENE

M.L. Cunningham1. B.S. Shane2, K.R. Bindall1, and J.J. Hayward1

'The National Institute of Environmental Health Sciences, Research Triangle Park,
NC, USA and Louisiana State University, Baton Rouge, LA

The aromatic amines 2,4-diaminotoluene (2,4-DAT) and 2,6-diaminotoluene (2,6-
DAT) are structural isomers that have been extensively studied for their mutagenic
and carcinogenic characteristics. Both compounds are equally mutagenic in the
Ames/Salmonella assay in the presence of S9. However, the differences in the
results of chronic rodent carcinogen bioassays using these two compounds are
significant in that 2,4-DAT is a potent hepatocarcinogen, whereas 2,6-DAT does
not produce an increased incidence of tumors in any tissue in rats or mice. The
Big BlueR transgenic mouse carries multiple copies of bacteriophage lambda each
with a lad mutational target gene integrated into mouse chromosome 4. Present
studies were designed to determine whether this system could be used to detect
a difference between the in vivo mutagenesis assay results correspond to the
rodent carcinogen bioassay results. Groups of 5 male. B6C3F1, transgenic mice
were exposed to 2,4- or 2,6-DAT at 0 or 1000 pprri for 30 and 90 days by dietary
exposure. Mice serving as positive controls were administered five daily i.p.
injections of 6 mg/kg dimethylnitrosamine (DMN) in saline and were sacrificed
fifteen days following the last injection. Mutant frequencies at lad were
determined by recovering the genomically integrated lambda using an in vitro
packaging reaction followed by infection of an appropriate E. coli host. Complete
non-sectored blue mutant plaques were scored against a background of clear non-
mutant plaques. Mutant frequencies were nearly identical for all three groups at
30 day, while at 90 days the mutant frequency for the hepatocarcinogen 2,4-DAT
(12.1 ± 1.4 x 1()'5) was significantly higher (p<().()!) as compared to both age
matched controls (5.7 ± 2.9 x 10'5) and the 2,6-DAT exposed group (5.7 + 2.4
x 10"5). Results from this study demonstrate that the Big BlueR transgenic mutation
assay i) can distinguish differences in vivo between the mutagenic response of a
carcinogen and a noncarcinogen which elicited comparable mutagenic activity in
S. typhiniuriunr. ii) is sensitive to mutagens through subchronic dietary exposure;
iii) yields a differential response depending upon the length of time mice are
exposed to a mutagen.
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BIOMONITORING INVESTIGATION OF RESIDENTS ENVIRONMENTALLY

EXPOSED TO MERCURY, ARSENIC AND ANTIMONY

T, Gebel, J Schafer, C Behmke and H Dunkelberg

Ih'purlnicni of Hygiene and l:iwironnwniiil ll\yjcni.l mwr\ii\ <>/ (loinnyyii (iirnniny

In the northern part of palatinate country in Germany intense mercury mining

activity had been situated beginning in the 15th century extending partly up into the

20th century. Nowadays in many cases former dump grounds of rubble caused by

the mercury mining activities are used for agricultural and housing purposes

Natural backround contents up to strongly elevated levels were found for mercury,

arsenic and antimony in soil material of these areas In the housing area soil

concentrations of less than 0,5 mg/kg! up to 1364 mg/kg mercury less than 2

mg/kg1 up to 605 mg/kg arsenic and less than 0.5 mg/kg' up to 776 mg/kg antimony

(per dry matter) were detected

Mercury, arsenic and antimony are strongly bond to the ore in sulfidic forms of

cinnabar or fahlore (gray copper) causing a low availability The concentration

variance of the detected element levels is immense even relating to little spaces

because of an inhomogenous distribution of the rubble, highly contaminated

grounds can be found beneath not contaminated ground

A biomonitoring study is presented in which around 200 residents are involved.

They are examined concerning a possible incorporation of the elements mentioned

above. Attention will be drawn to an incorporation of the genotoxic elements

arsenic and antimony. The proceeding of the study, the way of data collection and

the amnestical approach are discussed. This study is compared to similar studies.

1 backround level
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Till-: STUDY O F Till- MUTAGFNOUS ACTIVITY O F RFSIDUAK
QUANTITIES PI-STICIDI-S, I-XTRACTI-l) FROM WIIKAT GRAIN

Gpjpv ma_ L.M-, Kurinnyi A.I.
Institute of Health named after LI .Mcdvcdj , Kiev, Ukraine

The problem ol prevention of possible genetic consequences of intensive
application chemical agents for plant protection cannot be resolved without
inutagenous estimation of residual quantities pesticides, contained in food
products.
We have studied the mutagenity of a complex of subslaiices, extracted
from the wheat ol two varieties. Wheat has been cultivated with different
technologies. Dillerenl chemical protection systems and fertilizers were
used while cultivated weal..
The intensive protection systems included from A up to 12 names of
pesticides of different chemical classes and purposes. The chemical load
reached 25 k g / h a on the acting ingredient (a . i . ) . The other protection
systems included up to A preparations and the load did not exceed G.'A
k g / h a on a.i.
In (.he wheat grain, grown on (he intensive lechnnlogv, we have louud
residual quantities pesticides (up to (>). The highest content of them was
about 1.56 m g / k g . In the wheat grain, grown on the other technology we
have found not more than 2 names of residual quantities pesticides, in a
sum of less than 0.01 m g / k g .
The mutagenous activity being studied, the increase of the frequency of
chromosome aberration in the planfules of wheat seeds in comparison with
the control ones has been revealed. Thus chroinatid-type aberration
prevailed. We have also studied the influence of wheat grain extracts of
two grades on various tested - objects (the seeds plantules of A!limn cepa
and Saccaromyces cerevisea).
The mutagenous activity, provided by the presence of residual pesticides
quantities in grain, has been revealed as a result of our researches.
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MECHANISTIC STUDIES ON CHLOROHYDROXYFURANONES, CHLORINATION
BY-PRODUCTS CONTRIBUTING TO THE MUTAGENIC POTENTIAL OF
DRINKING WATER

K. Jansson, J.M.T. Hyttincn, M. Niittykoski and J. Maki-Paakkancn
National Public Health Institute, P.O. Box 95, FIN-70701 Kuopio, Finland

The reaction of chlorine with naturally occurring humic substances during drinking water
disinfection results in the formation of direct-acting mutagenicity detectable in
Salmonella, especially in strain TA100. This mutagenicity is accounted for up to 60%
by a single contaminant, 3-chloro-4-(didiloromcthyl)-5-hydroxy-2(5//)-furanonc
(MX), as assessed by Salmonella strain TA100. Another chlorohydroxyfuranonc, 3,4-
dichloro-5-hydroxy-2(5W)-furanonc (mucochloric acid, MA), has been delected in
chlorinated drinking waters at concentration levels comparable to those of MX.
However, MA is at least 100-fold less potent as a TA100 mutagen than MX. It is
therefore tempting to conclude that MA is much less important as an environmental
mutagen than MX. In experiments with Chinese hamster ovary (CHO) cells, both MX
and MA were mutagenic at the hprt locus. The mutagcnicity/cytotoxicity ratio was low
for both compounds. Quite unexpectedly, MA induced hprt mutations with a potency
comparable to that of MX. In subsequent experiments with Salmonella, the presence in
strain TA100 of pKMlOl plasmid, which enhances error-prone DNA repair, was found
to increase susceptibility to the mutagenicity of MA, but much less than to that of MX,
relative to the parental strain TA1535 lacking pKMlOl. DNA colony hybridization of
TA100 revcrtants showed that MX induced mainly G:C —> T:A transversions (87% of
total) while MA produced primarily G:C —»• A:T transitions (66% of total). From these
data it appears that the two chlorohydroxyfuranoncs do not share a common mechanism
of mutagenicity despite their structural similarity. In view of the present results, it seems
wise not to make decisions about the contribution of a chlorination by-product to the
total mutagenic potential of drinking water based on results obtained with only pKMlOl
strains such as TA100. (Supported by the Academy of Finland grant 2041049.)
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CYTOGENETIC BIOMON1TORING OF POPULATIONS LIVING IN
AGRICULTURAL AREAS

A. P. Kravchuk

National Institute of Health, Kiev, Ukraine

The analysis of chromosome aberrations in peripheral lymphocyte cultures from
persons living on contaminated territories is a valuable approach to detect possible
in vivo mutagenic effect in man. Cytogenetic studies of 13 - 14 years old teenagers
who were not involved in agricultural duties were conducted in two agricultural
areas situated in Ukraine (Transcarpathian) and Uzbekistan (Tashkent region). In
both areas investigations were conducted in two comparative zones with high and
low pesticide applications. The total pesticide consumption was: 5,16 and 0,y
kg/Ha in Transcarpathian, 36 kg/Ha and less than 1 kg/Ha in Tashkent region. A
significant increased level of chromosome aberration was marked in both zones
with more intensive usage of plant protection products. We consider given
cytogenetic effect as the possible evidence of genetic pathology rise in investigated
populations. Therefore, environmental contamination by pesticides makes a
supplementary input in the induced mutation process to human populations.
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MUTAGENIC ACTIVITY OF BANGKOK AND TOKYO RIVER WATER

W.R, Kusamran, K. Wakabayashi*. A. Oguri*. A. Tepsuwan. M. Nagao*
and T Sugimura*
National Cancer Institute. Bangkok. Thailand and ^National Cancer Center
Research Institute. Tokyo. Japan

The mutagenic activity of water in the Chao Phraya River and 3 major
canals in Bangkok. Thailand, and in the Sumida and Ara rivers in Tokyo.
Japan, was monitored by hanging blue rayon in the water for 24 hr to
adsorb the mutagens In preliminary experiment, none of the samples from
the Chao Phraya river and connected canals collected in May 1993 had any
significant mutagenic activity towards S.typhununum either TA98 or TAI (JO
when tested either in the presence or absence of S9 mix. However, when the
new tester strains YGI024 and YG1029 which are derived from TA98 and
TA100. respectively, and have strong acetyltransferase activity were used,
it was found that strain YG1024 was much more sensitive than strain
YG1029 for detecting the mutagenicity of river water in either the presence
or absence of S9 mix. We therefore used only strain YG1024 for assessing
the mutagenicity of all other water samples. Eight water samples from the
Chao Phraya river and connected canals taken in May i993 exhibited
mutagenicities of 87-1.213 revertants per 0.05 g blue rayon extract towards
YG1024 in die presence of S9 mix. However, only 2 samples showed clear,
but very weak, mutagenicities in the absence of S9 mix. Samples from most
sites taken in December 1993. which follows the rainv season, showed a
lower mutagenicity than those taken in May, probably due to dilution by the
larger volume of water in the river and canals in December. Five water
samples from the Sumida river were collected in July 1993 and February
1994 and four from the Ara river in January 1994. Mutagenicity of samples
from all sites of both rivers was also clearly detected only when tested in
the presence of S9 mix and did not differ much, being 155-748 revertants
of YG1024 per 0.05 g blue rayon extract. These results demonstrated that
the water in all 3 rivers and canals contained some frameshift mutagens.
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USING OF THE SALMONELLA TYPHIMURIUM HIS" TEST AND THE
SOS CHROMOTEST FOR THE DETECTION OF MUTAGENICITY OF
ENVIRONMENT CONTAMINERS

K. Malachova
Faculty of Sciences of University of Ostrava,
Czech Republic

Short-term bacterial detection systems, SOS chromotest
and Salmonella typhimurium His" test (Ames's test) were
used for detecting the mutagenicity of chemical
substances arcd complex mixtures of substances. The
influence of metabolism on the mutagenic effect of the
samples was studied in tests with metabolic activation
in vitro by means of the liver fraction S9.
It was proved experimentally that bacterial detection

systems are suitable for detecting samples composed of
most diverse materials. Short-term tests are
irreplaceable in the orientation screening for the time
being.
In the majority of evaluated tar samples, we proved not

only a considerably high so-caled indirect mutagenicity
following the metabolic activation in vitro, connected
with the occurrence of PAU in mixtures of substances,
but also a direct mutability in tests without metabolic
activation, proving the presence of further mutagens of
a different type.
It was found out that the mutagenic effect of complex

mixtures is specifically conditioned by the relations
between their individual components, and that is why it
is necessary to employ a chemical-biological approach
when evaluating their mutagenicity.
The metodology of collecting and processing samples for
observing genotoxic effects of residues of substances
contaminating the soil was proposed and verified.
It was proved through the evaluation of detection

properties of SOS chromotest by means of methods of
statistical analysis that SOS chromotest meets the
demands necessary for being considered one of the
routine detection systems and in combination with
Ames's test, contributes to obtaining complex knowledge
about the mechanisms of the effects of mutagens on
cellular DNA.
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THE ANALYSIS OF PLACENTAL TISSUE FOR BIOMONITORING THE

POPULATION EXPOSED TO POLLUTION FROM THE OIL FIRES IN

KUWAIT.

E. M.Marafie, S. J. Emery, I. Marafie, J. Jones and R. Waters

School of Biological Science, University College Of Swansea,

Singleton Park, Swansea SA2 8PP, UK.

Exposure to potentially mutagenic and carcinogenic chemicals is widespread in

human population and it has been suggested by others that chemical damage of

DNA may be a useful molecular dosimeter for epidemiological studies

PAH are widespread environmental contaminants emitted mainly from sources of

human activity. Environmental PAH are mainly particle_bound and exposure may be

due to ingestion, skin absorption and inhalation. Covalent DNA damage is thought to

represent one of the steps in the process of cancer induction following PAH exposure

The placenta is one readily available source of material for molecular

epidemiological investigations. As such, DNA damage in this tissue can be indicative

of maternal exposure to environmental pollutants.

A previous report has demonstrated that 32p-postlabelling adducts is able to detect

the presence of aromatic adducts in human placenta associated with maternal

smoking during pregnancy. By using 32p-postlabelling we have compared the DNA

damage in placental samples from Kuwaiti mothers who were exposed during

pregnancy to pollution from the oil well fires to those obtained from UK smoking

mothers who do or do not smoke cigarettes. Here we saw approximately the same

level of adducts in the Kuwaiti exposed population as in UK mothers who smoke. This

was 30% higher than levels in UK mothers who do not smoke In order to detemine

whether the higher level in Kuwaiti mothers exposed to pollution during the fires was

in fact due to the pollution, we have examined Kuwaiti samples from non-smoker

individuals collected one year after the oil well fires, here we found the level of

adducts in this group is no lower than seen in individuals exposed to the pollution from

the oil well fires. Thus the elevated level of adducts seen in exposed individuals

cannot be attributable to pollution from the oil well fires.
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MUTAGENIC EVALUATIONS IN DIFFERENT GRANULOMETRIC
FRACTIONS OF AIRBORNE PARTICULATE MATTER IN URBAN AREA

P.Pagano0. T. Dc Zaiacomo*, E.Scarcclla0, S.Bruni0, M.Calamosca0

0 ENEA AMB-BIO-INTO; *ENEA AMB-IRP: Vialc Ercolani 8,1-40134 Bologna

Quality air control in urban areas is based on monitoring criteria pollutants. Airborne
paniculate is usually monitored by total dust sampling.
Gas and airborne particles interact in the atmosphere, especially in urban and highly
industrialised areas, where combustion processes produce complex mixtures of chemicals
including a great deal of carbonaceous particles. These ones catalyse and adsorb airborne
substances that modify their biological disposition in the breathing body. In fact the
deposition, retention and clearance of airborne particles arc determined by their chemical-
physical properties, especially their sizes. Recent studies have detected the role of line and
ultrafinc particles inducing biological effects because they reach the alveoli, the intcrstitium
and lymphonodes. Again, in the atmosphere different size particles should have different
chemical composition and then different heath effects. For examples many large particles
should be made of inorganic, non toxic, materials; small ones should be made of
carbonaceous substances, derived from combustion products, that carry carcinogenic
mixtures in the deep lungs districts.
Measure obtained by total dust sampler can be little representative of real danger of human
health. It is possible to have a situation of high airborne particles concentration, with high
concentration of inorganic dust, considered dangerous; and, worse, a situation of low
airborne particles concentration, with a lot of combustion products, considered harmless.
Because of the complexity of the problem (atmospheric conditions, agglomeration and
hygroscopic phenomena arc also crucial) we decided to test directly the mulagenicily of
granulomctric fraction of the airborne paniculate.
Methods
Airborne paniculate was sampled during winter '94-'95 by total filtration (201/min) and by
an Andersen impactor (flow rate 28.3 1/min). Analyses were performed on following
granulomctric fractions: [in jam] (<0.4); (0.4-0.7); (0.7-1.1); (1.1-3.3); (>3.3). Because of
the physical limitation in the air flow rate to sample granulomclric fraction, we collected
urban air weekly.
The participates were extracted by sonication in dichloromcthanc and acetone and the
mutagenicity was evaluated by the Salmonella Thyphimurium mutation assay (TA98 and
TA100 strains, with and without the post mitochondrial supernatant of rat liver S9 fraction
for total filters; TA98 with S9 for granulometric fractions). Sample mutagenic activity was
calculated as the slope of the linear portion of the dosc-rcsponsc curve.

Results arc now in course of elaboration but preliminary data show that total airborne
paniculate resulted mutagen in both TA98 and TA100 strains with and without S9.
Moreover in all the tests with granulometric fractionated airborne paniculate the minor was
the dimension of the particles the greater was the mutagenicity. Discussion and conclusions
will be ready at the congress.
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USE OF THE COMET ASSAY FOR ENVIRONMENTAL MONITORING

K. Peterkova. T. Pilcik, J. Dejmek, R.J. Sram

Laboratory of Genetic Ecotoxicology, Reg. Inst. of Hygiene of Central Bohemia and
Inst. of Experimental Medicine, Academy of Sciences, Prague, Czech Republic

The Comet assay is believed to be suitable for screening of DNA damage in
population studies due to its relatively simple and rapid procedure. The alkaline

• version of the assay detects wide range of DNA damage which turns to DNA strand
breaks after exposure of DNA supercoile to high pll. Using a prolonged period of
both unwinding (60 min) and electrophoresis (40 min) the assay is expected to detect
minimal DNA damage caused by environmental exposure.

DNA strand breaks detectable by the Comet assay were used as one of the
biomarkers in the project "Pregnancy Outcomes" (Teplice Program). The project aims
at evaluating of the effect of environmental pollution on human health. It is dealing
with mothers and newborns from the polluted district of Teplice, the Northern
Bohemia and from the control district of Prachatice, the Southern Bohemia. The assay
was performed using whole venous and cord blood, respectively, collected at delivery.
Samples of blood were transported to Prague up to 24 hrs after sampling. The
presented study comprised 100 pairs of mothers and newborns; 57 from polluted area
and 43 from control area. Samples were collected from January to June 1995.

100 images were scored per sample on computerized image analyzer.
Parameters of the Comet assay taken under statistical evaluation were: percentage
of DNA in tail of a comet image (T%), tail length measured from edge of comet head
(TL) and tail moment (TM = T% x TL). Those parameters were evaluated in respect
of the district, season (winter and summer period) and smoking habit using SAS,
version 6.08.

This study was supported by the Czech Ministry of Environment, PHARE II,
EC/HEA/18/CZ and EU CIPA-CT94-0129.
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BIOMONITORING OF HUMAN POPULATIONS IN TOWNS WITH
DIFFERENT HARMFUL FACTOR EXPOSERS. COMPARATIVE
ANALYSIS OF HUMAN GENETIC DAMAGES

J. Revazova, F. Ingel and V. Druzhinin.
Scientific Research Institute for Preventive Toxicology, Moscow, Russia
Kemerovsky University, Kemerovo, Russia

This study has been carried out in four towns: Diatkovo, Yaroslavl,
Kemerovo, Atbasar. We investigated themutagenicity of summary
pollutants in the air of these towns and in the industrial zones
(Ames' test Salmonella / microsomes), detected the contents of heavy
metals in hair, evaluated the chromosomal aberrations and unsheduled
DNA-synthesis (UDS) in peripheral blood lymphocytes among
inhabitants and workers. The main sources of genotoxicants in the
environment of these towns are crystal plant (Diatkovo), petroleum
refining industry (Yaroslavl), chemical industry with high level of radiation
(Kemerovo) and uranic ore trans-shipping point (Atbasar). In all cases we
discovered the significant differences of chromosomal aberrations and UDS
level among the inhabitants and the workers, moreover even in control
groups the level of genetic damages was higher than in usual observation in
Russia (more than 2.9% in comparison with 1.0 - 2.0% chromosomal
aberrations). On this data the problem of ,,pure control" is discusses. On the
base of genetic damages level the ,,groups of high genetic risk" were fonned
for the future investigations.
This work was partly supported by the Grant of Russian State Program
Frontiers of Genetics.
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MONITORING OF POPULATION FXPOSURK TO GHNOTOXIC
CONTAMINANTS IN Till- HNVIRONMI'NT

l\ Rossiier, M. Ccrna, II. Bavorova, I). Ocadlikova and J. Smid

National Institute of Public Health, Prague, Czech Rep.

Cytogenelic analysis in peripheral lymphocytes was performed on Czech
population groups living in two areas with "lower" and (wo with " higher" level of
environmental pollution. In 1993, altogether 179 adults were included into the
study (40 to 50 in each area), in 1994 in each area the blood samples were taken
from about 200 adults (blood donors), 200 children (8-10 years) and 200 cord
blood samples. In each person, the information about exposure, lifestyle and other
confounding factors were obtained using questionnaire. The average numbers of
chromosomal aberrations found in 1993 were in the range of 1.5% AH C. to 2.29
% AB.C. These data confirmed the "historical control value" obtained for Czech
population eight years ago. The results did not correspond to the expected increase
in the areas with higher pollution. The difference between smokers and nonsmokers
were inconsistent. In 1994, the average values of AH.C. were in the range of 1%
and 1.9% for adults, I.I -2 .1 % in groups of children and 0.8 - 1.0% in cord
blood. The correlation of obtained results with other followed biomarkers of
internal dose - toxic metals and organic contaminants in biological material of the
same group of subjects - will be discussed.

The study was supported by the Government of the Czech Republic.
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ENVIRONMENTAL RISK OF AND PREVENTION OF AFLATOXINS IN THAI
POPULATION
Maitree Suttajit
Department of Biochemistry, Faculty of Medicine, CMU, Chiang, Mai, Thailand

Among mycotoxins, aflatoxins (AF) are highly potent mutagen and carcinogen which
is commonly found in our tropical environment. AF are metabolites produced by
Aspergillus flavus and Aspergillus parasiticus. The toxin is stable to heat up to 260"C,
so it is not destroyed easily by cooking or acidification.AFB, is the most toxic
derivative and human carcinogen (Group IA). According to the prevalence of the
aflatoxigenetic fungi in environment, warm temperature and high humidity, common
contamination of AF in different types of daily foods like peanuts, maize, dried foods
and noodles may and exposure may cause the highest incidence of hepatocellular
carcinoma (HCC) in Thai population. Several common co-mutagenic and co-
carcinogenic activities of other mycotoxins, hepatitis B viral and parasitic infections
have been proposed in areas of highest incidence of liver cancer. Many other dietary
factors which are environmental carcinogens like nitrosamines or tumor-promoters
such as alcohol, drugs among Thais can also potentiate AF carcinogenesis.Programs
of vaccination of hepatitis B virus, fungal inhibition in food and animal feeds,
detoxification and prevention and prevention of diet-contaminated mycotoxins have
been also encouraged in Thailand. Moreover, prevention program and control of the
mycotoxins to reduce the incidence of HCC is necessary for Thai health status.
Monitoring of AF-adducts in blood in urine is to be further studied. In future,
foodborne AF, carcinogenic risk and the incidence of HCC should be also reduced
by chemopreventive agents and diets against mycotoxin carcinogenesis.
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MUTAGENICITIES OF SOME THAI COOKED FOODS

A. Tepsuvvan , P. Kupradinun and W.R. Kusamran
Research Division. National Cancer Institute. Bangkok. Thailand

The incidence of cancer in Thailand is now increasing every year. This
may be partly due to an exposure to some environmental
carcinogens/mutagens especially those present in foodstuffs. Broiled and
fried foods are very popular among Thai population and they have never
been monitored for the oresence of any mutagens. In the present study, we
therefore investigated the mutagenic activity of some cooked foods
commonly consumed in Thailand. Samples of charcoal-broiled or fried
chicken, pork, fish (catfish and mackerel), fish paste, squid and rice-pork
sausage were tested for their mutagenic activities towards Salmonella
typhimunum TA98 and YG1024 using Salmonella/mammalian microsome
mutagenicity test. In preliminary experiment, mutagenic compounds were
isolated from aqueous acid extracts of some samples by using Amberlite
XAD-2 resin and blue rayon. It was found that the XAD-2 resin method
showed significantly higher mutagenic activity yield than blue rayon
method. We therefore used XAD-2 resin to isolate mutagenic compounds
from the rest of our samples. All samples exhibited mutagenicities towards
Salmonella typhinnirium TA98 and YG1024 only in the presence of S9
mix. However, the ^utagenic activity towards strain YG1024, which has
strong acetyltransferase activity, was much more significant than that
towards strain TA98. As expected, mutagenicity of charred surface of all
foods tested was markedly higher than that of the inner part. The outer
part of broiled pork, chicken and catfish and fried catfish exhibited
mutagenicity 30, 30, 8 and 2 times, respectively, higher than the inner part.
Results of the present study demonstrated that cooked foods commonly
consumed in Thailand contain mutagen(s), probably heterocyclic amines,
and surface of the food may be regarded as a major source of mutagen(s).
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EVALUATION OF MUTAGENICITY AND POLYCYCLIC
AROMATIC HYDROCARBON CONTENT IN SOIL

B. Wei, M^Suttajit'", M. Rayanakorn'", U. Vinitketkumnuen" and J. Krueger"
Environmental Risk Assessment Program. "'Department of Biochemistry.
i»Dcpartmcnt of Chemistry, Chiang Mai University. Chiang Mai 50200. Thailand:
<•> Institute of Biogeography. University of Saarland. Germany

Both biological ?nd chemical approaches were employed to evaluate the
mutagenic potential of soil samples collected from Muang District. Sarapee
District, and Doi Suthep mountain area in Chiang Mai Province. Thailand.
Soils were extracted by sonication with dichloromethanc as solvent. The
extracts were redissolved in dimethylsulfoxidc (DMSO) for imitagcnicity
assay. Soil analysis by high performance liquid chromatography (IIPLC) for
16 US-EPA priority polycyclic aromatic hydrocarbons (PAlls) was
undertaken with UV detection at 254 nm. F-iflccn soil samples were tested
in Salmonella typhimurium TA98 at close levels 0.5. 1.0. 2.0. and 4.0
ing/plate with and without metabolic activation. Twelve of them showed
positive response with metabolic activation and seven were positive without
activation. The weighted activities of soils ranged from 11 to 180. and from 7
to 36 net revertants per gram soil, respectively. The extracts were also
tested with TA100 and two of the total samples induced rcvertant colonies
in TA100 with and without metabolic activation. The data suggest frame-
shift type mutagens existed in most of the soil samples and most of them
were indirect acting mutagens. Total amounts of 16 PAHs in soil samples
from Muang District and Sarapee District were ranged from 34 to 127. and
10 to 117 ng/g dry soil, respectively. Only anthracene was found at I ng/g in
one soil sample from Doi Suthep, and no other PAHs could be detected. With
metabolic activation, the correlation between total PAHs and weighted activity
of soil extracts was weak, with the correlation efficient 0.51 (p 0.5).
No correlation was demonstrated in TA98 without metabolic activation.
Summarily, the correlation between PAH levels and mutagenic potential
among the soil samples cannot yet be concluded with the results obtained
which might be due to the synergistic, antagonistic, and additive
interactions between the components in soil. In addition, other sources of
mutagens, such as biocides, nitro-PAHs, as well as N-nitroso-compounds,
are possible contributors to themutagenicity of soil samples.
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FREQUENCY OF STRUCTURAL CHROMOSOMAL ABERRATIONS
MEASURED USING CONVENTIONALGIEMSASTAINING ANDTHREE-
COLOUR CHROMOSOME PAINTING IN POPULATIONS OF GREAT
LAKES FISH EATERS

'Blakey D.H. . 'Bayley J.M., 'Huang K.C. and 2Kearney J.

'Mutagenesis Section, and 2Great Lakes Health Effects Division, Environmental
Health Directorate, Health Canada

In recent years, there has been much concern about the possible effects of
chemical contaminants found in Great Lakes of North America on the health of
the inhabitants of the Great Lake basin. Under the Great Lakes Health Effects
Programme of Health Canada, a pilot exposure study was conducted to measure
contaminant levels in biological samples from people who caught and ate fish from
Great Lakes. As part of this study, blood samples were also collected from among
the study participants for the measurement of structural chromosomal aberrations.
The population described in this report consists of individuals who participated
in the perch fishery near Cornwall, Ontario, Canada. In order to be included in
the study, individuals had to have eaten more than fifty Great Lakes fish meals
in the twelve months prior to sample collection. For controls, each fish eater was
matched by age, sex, and smoking habit to other individuals from the same
community who had eaten no fish in the same twelve month period. The study
group consisted of 28 individuals, including controls. Males and females, as well
as smokers and non-smokers were represented more or less equally. For Giemsa
analysis, 200 first division cells were analysed for total aberrations, including both
chromatid and chromosome type aberrations. For chromosome painting,
fluorescence in situ hybridization was performed using whole-chromosome probes
for chromosome 2 (yellow), 3 (green), and 4 (red). Unpainted chromosomes were
stained blue with DAPI. All exchanges and breaks involving painted chromosomes
were included in the analysis. Preliminary results indicate that, relative to controls,
Great Lakes fish eaters in this study do not have an increased frequency of
chromosomal aberrations detected using either Giemsa analysis or chromosome
painting. The only factor that could be detected by an increase in aberrations was
smoking habit. Smokers had a slightly higher frequency of aberrations than non-
smokers. The study also allowed a comparison of Giemsa analysis and
chromosome painting. Although data are still being accumulated, so far there is
no clear evidence that chromosome painting, which is much more costly and
labour-intensive, is superior to conventional Giemsa analysis for the detection of
increases in chromosome aberrations in the lymphocytes of this exposed
population. However, it is important to note that because the two technique detect
different aberrations, one may be superior to the other, depending on the purpose
of the study.
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BIOMONITORING INDIVIDUAL RISK OF CANCER IN RELATIVES OF BREAST CANCER
PATIENTS BY COMET ASSAY.

Y.R. Ahuja; N. Rajeswari, G. Anuradha and Malini Jaiswal
Genetics Un.it/ Bhagwan Mahavir Medical Research Centre/
10-1-1/ Mahavir Marg, Hyderabad - 500 004, INDIA.

Estimation of genetic instability by direct quantitation of DNA
damage and repair is an important aspect in biomonitoring an individuals
risk to cancer. Single cell gel electrophoresis (SCGE) assay or comet
assay was carried out for the first time to biomonitor individual risk
of cancer in relatives of breast cancer patients. The assay was carried
out on the peripheral blood leucocytes of 26 breast cancer patients,
50 of their first degree relatives and 25 controls/ for evaluating
the basal DNA damage, individual suceptibility towards a mutagen (MNNG/
an alkylating agent) and repair efficiency. 50 cells per treatment
were scored for comet tail length which gives an estimate of single
strand DNA damage. The mean DNA damage in untreated/ treated and
repaired leucocytes increased significantly from controls to cancer
patients. First degree relatives of breast cancer patients showed
a significantly higher mean DNA damage than the control group but lesser
damage when compared to cancer patients. Among these relatives/ however
there was a considerable inter- and int'ra-individual variability.
Since cancer is monoclonal in origin, among the breast cancer family
members, the females showing a relatively high mean DNA damage in untrea--
ted, treated and repaired leucocytes, as well as having highly damaged'
individual cells would be considered as carrying the predisposing factor
for cancer development.
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TOXICITY AND GENOTOXICITY MOULDS OBTAINED IN THE FLAT
INTICKIKKS

I. Benesova and B. Jandova
Department of Microbiology, Masaryk University, Brno, Czech Republic

The discovery of some mycotoxins - recently especially aphlatoxins
-potent carcinogens, has greatly stimulated the mycotoxin research.
Attention is with good reason paid to the secondary metabolites of moulds
because their growth on food can be associated with high toxicity of some
metabolites and next a possible damage of human health. Moulds studied in
this work were obtained from internal spaces of large panel dwellings,
mostly from a kitchen, a pantry and living-room. These moulds were isolated
from two different regions. Toxicity and genotoxicity were worked up by
individual samples of species. More than 180 isolates were determinated
and then tested always with the same methods.

Acute toxicity of extracts of isolates was investigated by using model
organisms - the larvae of Artemia salina and the protozoon Paramecium
sp. Paramecium appeared generaly as more sensitiv to the extracts than
Artemia. The ability of isolates to produce the concrete mycotoxins was
verified by a thin layer chromatography. Were found producers of
sterigmatocystin, ochratoxin, and cyclopiazonic acid. Genetic effects were
tested by using Ames lest with Salmonella typhimurium, Wing spot and M5
test with Drosophila melanogaster. As follows from the genotoxic tests only
two isolates of the set of the most frequently occurring species did not give
positive results.
The results of the tests were compared in both regions.
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BIOMARKERS OF EXPOSURE TO ENVIRONMENTAL MUTAGENS AMONG
COKE PLANT WORKERS AND COKEOVEN AREA POPULATION-
MUTAGENETIC STUDY

V. Brumen, I. Horvat and M. Tonkovic

Institute for Medieal Research and Occupational Health. Zagreb, and Institute for
Public Health, Rijeka. Croatia

During the coal coking process, a wide variety of radiotoxic and chemotoxic
pollutants is spread in the working environment. Furthermore, a considerable degree
of air pollution in the eokeoven area should be expected. Therefore, this study was
aimed at assessing the genotoxicity risk of occupational and ambient exposure to
cokeoven emission. Changes in peripheral blood lymphocyte cell genome were taken
as biomarkers of exposure and bioindicators of its clastogenic effect. The study
comprised a total of 92 examined subjects, divided into three groups. Group 1
consisted of 32 coke plant employees, engaged in the coal coking process. Group 2
consisted of 20 local inhabitants and Group 3 of 40 unexposed persons from that
geographic region. The groups were well matched in all relevant aspects in order to
be comparable. Each subject underwent three cytogenetic tests-conventional structural
chromosomal aberration analysis, sister chromatid exchange (SCI:) test and
micronucleus (MN) test. The laboratory procedures were carried out according to
the standard protocols. Statistical significance of the obtained results was tested for
each method of approach separately by means of Students t-test. Such and evaluation
revealed the chromosomal aberration incidence in coke plant workers to be
significantly increased in comparison to the controls (p{0.05) but not in comparison
to the cokeoven area population (p(0.5), while SCE frequency and MN frequency
were both significantly higher than among the other two groups (p(0.05).
Chromosomal damage incidence in cokeoven area population is significantly higher
than in controls, as proven by all three cytogenetic tests (p{0.05). The results of this
study show that the noxious impact of cokeoven pollution should not be neglected
when choosing available energy sources.
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EVALUATION OF GENOTOXIC RISK FOR STYRENE EXPOSED
WORKERS

S.Burgaz B.Karahalil, M. Yiltnazer, N.Aygiin, S.$urihi!j, A.E.Karukuya
Department of Toxicology, Faculty of Pharmacy, Ciazi University,06330,
Hipodrom, AnkaraJURKEY

Styrene is a widely used chemical, mostly in making synthetic rubber,
resins,polyesters, plastics,and insulators. In order to perform biological
monitoring of genotoxic exposure to styrene monomer, we evaluated the
urinary thioether (UT) excretion, and sister chromatid exchanges ( SCTis) and
micronuclei (MN) in peripheral lymphocytes from 53 workers employed in
small workplaces where polyester resin lamination processings were done
and from 41 matched controi subjects. The mean air concentration of styrene
in the breathing zone of workers was 30.3 ppm. As a metabolic marker for
styrene exposure, mandelic acid +phenylglyoxylic acid was measured in the
urine and the mean value was 207 mg/g creatinine. The mean value (± S.D.)
of UT excretions of workers was 4.43(±3.42) mmol.Sll-/mol.crcatinine and
also mean UT for controls was found to be as 2.75(±1.78) mmol.SH-/mol
creatinine. The mean/cell values(±S.D.) of SCE frequency in peripheral
lymphocytes from the workers and controls were 6.20(±1.56) and
5.23(±1.23), respectively. The mean(±S.D.) frequencies(%o) of MN in the
exposed and control groups were found as 1.98(±0.50) and 2.09(±0.35)
respectively. Significant effects of work related exposure were deleted in the
UT excretion and SCEs analyzed in peripheral blood lymphocytes (p< 0.05
and p<0.01 respectively). The MN frequency in lymphocytes from the styrene
exposed group did not differ from that in the controls (p> 0.05). Smoking,age
and duration of exposure on the genotoxicity parameters analyzed were also
evaluated. In conclusion,our data suggest that styrene exposure was evident
and this styrene exposure can induce genotoxic damage in workers.

Supported by Research Fund of the Turkish Scientific and Technical Research Council.Grant
no:TAG-1016.
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OCCUPATIONAL EXPOSURE TO MUTAGENIC AGENTS
IN DYE INDUSTRY AND ALUMINIUM PLANT

W.Chwialkowska-Liro. E.Spiechowicz, J.Palus, K. YVyszyriska
Nofer Institute of Occupational Medicine, Lodz, Poland

The aim of the study was the estimation of the occupational exposure to mutagenic

agents in the dye factory and in the aluminium plant. Mutagenic activity of airborne

particulate matter at the different work-sites in these factories and mutagenicity of

worker's urine have evaluated using Salmonella plate incorporation assay with the

tester strain TA98, without and with S9 mix. Results of the both studies have

compared to appropriated controls. Control samples of aerosol have collected at the

indoor and outdoor nearby these factories. The clarks employed in these factories

were control populations. Indirect and direct mutagenes have found in the extracts

obtained from the dusts and fumes emited during of the technological processes.

Variable and very high mutagenicity of aerosol collected in breathing zone of

workers at the electrolysis department in the aluminium plant and at the department

of azo-dyes in dye factory have shown. Mutagenicity of airborne particulate matter

(in rev/mg) and the level of inhalation exposure (in rev/m3) were statistical higher in

comparison to the control samples and higher than in the other industies. The highest

exposure have observed during the exchange of steel pins in carbon anode blocks at

the electrolysis department of the aluminium plant (mean 30 572 rev/m , +S9) and

the pouring azo-dyes in the dye factory (mean 24 577 rev/m3, +S9). The level of

inhalation exposure has depended on the dust concentrations. The occupational

exposure to mutagenic agents has confirmed by the higher mutagenic activity of

substances isolated from urine of exposed workers than in control in both factories. It

has been also observed that smoking habit caused the considerable increase of

mutagenic activity of urine.
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MUTUAL CORRELATION OF BIOMARKERS DURING EXPOSURE TO
COMPLEX MIXTURES OF PAHs.

L.Dobias*. J.Lewtas**, J.Havrankova*, B.Binkova** *,
J.VoLf*. M.Adamcik*, M.Vit*

Regional Institute of Hygiene, Ostrava,
Czech Republic
U.S. Evironmental Protection Agency, NC, USA
Prague Institute Of Advanced Study, Prague,
Czech Republic

The genotoxic activities associated with complex mixtures
of carcinogenic PAHs in the coke oven plant have been eva-
luated using the following exposure biomarkers: cytoge-
netic analysis of lymphocytes in peripheraJ blood, mutage-
nicity in urine and air (Ames test, with a use of
Salmonella typhimurium TA98 as a tester strain) and DNA
adduct formation ( P-DNA postlabe1 ing method).
Results obtained in the coke oven battery (Nova hut: Comp. ,
Ostrava-Kuncice, Czech Republic) in workers with high pro-
fessional exposures to carcinogenic PAHs were compared
with those found in workers from supporting workplaces of
the same plant. Our data showed the close relationship
between concentration of carcinogenic PAHs in the occupa-
tional air (external dose) and mutagenicity of their
complex mixtures. A high number of mutagenic samples of
urine (50.6%) was detected in the group of coke oven
workers with a high exposure to carcinogenic PAHs. How-
ever, the correlation between the external exposure dose
of carcinogenic PAHs and the mutagenicity in urine was not
proved, which prompted us to take into account poly-
morphism of the metabolic system of the individual. The
relationship between %AB.C vs. personal exposure to carci-
nogenic PAHs in occupational air in the coke oven battery
was also found, together with a higher frequency of %AB.C
s 2.0 in the group exposed than in the matching controls.
DNA-postlabeling method revealed the difference in Levels
of DNA adducts in VBC of workers with a high exposure to
carcinogenic PAHs in the plant vs. controls
(1.1 - 5.3/108 and 0.5/108 adducts, respectively). Mutual
correlation of particular biomarkers is discussed from the
point of view of their ability to reflect the human
exposure and validity for the assessment of a risk rate in
the workplaces with exposure to carcinogenic PAHs.

(This abstract does not necessarily reflect the U.S.EPA
Policy. The study was supported by the Government of the
Czech Republic, the Decree No. 369/91) .
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THE COMET ASSAY IN PERSONS OCCUPATIONALLY EXPOSED TO
ETHYLENE OXIDE

P. Escobar'. H. Trillos2, D. Sicard1 and H. Groot1

'Lab. Genetica Humana, Universidad de Los Andes, A.A. 4976 Bogota, Colombia
and 2Postgrado Salud Ocupacional, Escuela Colombiana de Medicina, Bogota,
Colombia

Ethylene oxide (EtO) is a direct-acting alkylating agent known as a potential
carcinogen in humans. Is an epoxide that interacts with the DNA forming adducts
in the N-7 of the guanine (7-2-(hydroxyethyl)guanine) in human peripheral
lymphocytes. (IARC, N" 125, 1994).

The present study was carried out in a female group, under the age of 60, who
had been exposed to EtO for a minimum of four months, in a hospital and that were
engaged in the sterilization process of medical equipment. The people included in the
study completed a questionnaire about other exposures and medical information.

Ethylene oxide concentrations were determined by infrared spectrophotometry
in the different working areas, some of these areas reported a high concentration of
the agent. Samples were analyzed with the comet assay.

The results showed a significant difference between the length of migration
in the exposed group (average 16.176 urn) than the non exposed group (average
14.302 urn) (Mann-Whitney z=9.455, p=0). These results suggested that the
exposition to EtO causes a direct effect on the DNA by increasing the length of the
migration.
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CYTOGENETIC ANALYSES IN GOMEL CHILDREN AFTER CHERNOBYL
ACCIDENT: III) COMET ASSAY.

G.Frenzilli, A.Lori and R.Barale.

Dipartimento Scienze Ambiente e Territorio, Universita'
degli Studi di Pisa, via S.Giuseppe 22 56100, Pisa; ITALY.

Microgelelectrophoresis on single cells provides a way of
measuring DNA damage as extent of migration of DNA
fragments, mainly single-strand breaks.
By this simple method, DNA damage arising as a consequence
of radiations was examined in peripheral human lymphocytes
from 67 children (29 males and 38 females)from Gomel
(Bielorussia) , the region mostly involved by radioactive
fall-out of Chernobyl catastrophe.
Comet assay was performed on 36 healthy children and on 15
affected by thyroid cancer before any therapy. 9 of them
were further tested after surgical and radio Iodine therapy.
In addition, lymphocytes of 55 children have been treated
for 4 hours with a dose of bleomycine (1.5/ig/ml), a
radiomimetic drug, in order to evaluate a possible adaptive
response associated to chronic exposure to ionizing
radiations mainly due to the continous assumption of radio-
contaminated food.
Our results demonstrate that children with thyroid cancer
show higher (p<0.001) DNA damage than healthy ones.
The obtained data seem also suggest an effect of the adptive
response: children with thyroid cancer showed shorter
induced comets (p=0.07) than the others and females gave the
greatest response (p=0.006). The increase (p<0.001) of DNA
damage due to radiolodine therapy was also demonstrated.

This contribution is part of the Ph.D. thesis of Dr. Giada
Frenzilli.
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ASSAY SYSTHM WITH DROSOPHIIA MEIANOC.ASTEUYOR LHTHA1.
SYNKRCilSM 0F5-FLU0R0URAC1I. AND SORIVUDINH RITVl'AL.HD
IN HUMAN ACCIDKNTS

Ka/upjjujikawa and Solid Kondo
Atomic Tinerg.y Research Institute, Kinki University. Higashiosaka 577. Japan

Introduction: More than a dozen cancer patients died in Japan in 1993 al'ter treatment
with antineoplaslic derivatives of 5-fluorouracil (5-FU) and the antiherpes drug
Sorivudine (SVD). To understand the mechanisms of this human tragedy, we developed a
system with IX mekmo^aster that can detect synergislic effects of 5-RJ and SV1).
Material and methods: Hies heterozygous for mwh (multiple wing hair). nnvh/+,
were treated during the larval period with 5-FU, (K)-5-(2-bromovinyl)-2'-deoxyuridine
(BVDU)— SVD analog—, or 5-1 LJ plus BVDU. After emergence of treated larvae,
wings of adult flies were examined for excess incidence of malformations, /•",„„/, which

result from excessive cell deaths, and also excess frequency. f*'ltlllt- of colonies of

mwli/mwh cells with the multiple-wing-hair phenotype. The latter measures somatic
mutations due to crossing-over on homologous chroinatids and is thought of an effect of
endonuclease activity induced in association with apoptosis.
Results: Main results are summarized in Table 1 and briefly as follows:

Table I. Synerj»istif effects (if 5-Kl mid BVIH on larvae of I),

Drug
Dose (Ug/ml)

Fnwl
Nw = No. wings

/•„„„ = 1"». null. cli»nes/yVlt.| t„„,,„,,,„

Modal no. of cells per mutant colony
miltnl

Control
0

0.29;

2463

5-FU
25

09;

228

U.I

i

50

579;

b.)

1.4

1

BVDti
100

0c/<

113

1.0

2

5-FU&IJVDU
25 A 100

2b'/,

\lb

2.8

3-4

1) Double treatment. [5-1-U (25 ug/ml) and BVDU (100 ug/ml)|. caused 26% malformed
wings whereas single treatment. |5-Fl! (25 ng/ml)| or jiWDli (100 ug/ml)|. caused no
malformation. 2) Crossing over frequency h'iml was higher by ("actor of 2.6 for double

treatment [5-FU & BVDU| than the sum of frequencies by single treatments 15-FUj and
|BVDU|. 3) Tlie mode of the mutant clone size 3-4 after the double treatment was larger
than the size 2 after the single treatments.
Conclusion: D. nwluno^uMcr larvae treated with |5-FU & BV[)U| showed markedly
higher yields of malformed and mutant wings than the sum of yields after treatments |5-
FU| and |BVDU|. Results suggest that larval cells treated with | 5 F U | can completely
repair 5-Fl I induced apoptolic cells by replacement with healthy ones. but. after addition
of |BVDU|, can not completely repair apoptotic cells and concomitantly produce
anomaly. Cells with incomplete apoptosis are detected as mutant mwlilmwh wing cells.
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DETECTION OF RADIOSENSITIVITY IN CANCER PATIENTS USING A THREE-
COLOUR CISS-TECHNIQUE

E. Gebhart, S. Neubauer, G. Schmitt, J. Dunsf*, S .Birkenhake**

Institute of Human Genetics, university of Eriar.gen-Nurnberg
* Radiation Clinic, University of Halle
** Clinic for Radiotherapy, University of Erlangen-Nurnberg
Germany

A comparative study using classical cytogenetic analysis and a
chromosome in situ suppression hybridization (CISS) technique
for the detection of radiation damage to chromosomes revealed the
excellent suitability of the latter to detect individual differen-
ces of the reaction of lymphocyte chromosomes to in vitro irradia-
tion. 70 cancer patients who were assigned to radiation therapy
were the blood donors of this study, 50 of them were analysed
using both types of cytogenetic techniques, solely CISS was used
for examination of another 20.
A highly significant correlation was detected between the aberra-
tion rates obtained by both types of cytogenetic analysin perfor-
med on 50 patients. A high interindividual variability of the re-
action of peripheral lymphocytes on in vitro irradiation was sta-
ted as a prominent finding. The impact of complex rearrangements
on the definition of radiation sensitivity could be realized.
On the basis of the extensive data obtained by tnis study the pe-
ripheral lymphocytes of about 10 % of the patients could be found
to react hypersensitively to in vitro X-irradiation with 0.7 and 2
Gy, respectively. Those were obtained from the same patients who
were also cl±nically characterized as "hyper-reactive". For this
reason, the CISS-technique was regarded to be a significant pre-
dictive technique for selecting hypersensitive patients to protect
them from undesired side effects of the radiation therapy.
In addition, the CISS-technique proved to be also more suited than
the classical analysis to detect a past exposure dating back seve-
ral years. This may open new horizons for a sensitive screening of
human populations for prior or unknown exposure to mutagenic in-
fluences inducing chromosomal rearrangements.
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BIOMONITORING STUDY OF THYROID CANCER PATIENTS TREATED
WITH I3II

S. Gutierrez, E. Carbonell, P. Galofre', N. Xaniena, A. Creus and R. Marcos
Unitatde Genetica, Departament de Genetica i de Microbiologia, Universitat Autonoma
de Barcelona, 08193 Bellaterra, Spain.
'Servei de Medicina Nuclear, Ciutat Sanitaria i Universitaria Vail d'Hebron, Pg. Vail
d'Hebron 119, 08035 Barcelona, Spain

Radioactive iodine enters the environment mainly from nuclear industrial wastes,
medical applications and scientific research. In nuclear medicine I3II is commonly used
to treat hyperthyroidism and thyroid cancer patients. Nevertheless, in spite of the
advantages that I3'I can present, it could exert harmful secondary effects on the health
of treated patients.
To determine the genotoxic risk associated with the therapeutic exposure to IJ1I, we
have conducted a follow-up study on the frequency of micronuclei in peripheral blood
lymphocytes of two groups: a) a group of 56 patients, who presented thyroid cancer
and received a mean dose of 211.64+20.73 mCi of 13II sodium iodide, via oral
administration, as adjuvant dose after total thyroidectomy. In this group the cytogenetic
study was conducted during the annual check-up, and the patients had received the last
therapeutic dose from 1 to 6 years before the study. A control group constituted by 87
healthy donors, without indication of previous exposure to radioactive sources or other
known genotoxic agents, were concurrently analyzed, b) a group of 9 cancer patients
from which blood samples were obtained before the treatment and 1 week later.
For the group a) the results show no significant differences for the frequency of
binucleated cells with micronuclei (BNMN) and the cytokinesis block proliferation
index (CBPI) between the patients (BNMN=25.89± 1.96; CBPI =2.06+0.02) and the
control (BNMN =26.38+1.69; CBPI =2.01+0.02). No relationship was detected
between the frequency of BNMN and the total dose received; nevertheless when the
frequency of BNMN was plotted against the months elapsed from the last treatment a
significant difference was observed.

For the group b) the pre-treatment values were (BNMN=22.00+3.04;
CBPI =2.04+0.04) , while 1 week after a mean treatment of 106.67+2.36 mCi the
values increased significantly (BNMN =38.89+5.55; CBPI=2.06±0.07).
These findings indicate that treatment induced a significant increase in the genetic
damage detected by the micronucleus assay. Nevertheless, a period of one year after
the treatment seems to be long enough to eliminate or dilute the genetic damage
induced by the therapeutic exposure to 131i.
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MEASUREMENT OF DNA REPAIR DEFICIENCY IN WORKERS EXPOSED TO
BENZENE

Lance Hallhcrp*. Larry Grossman**, and William Au*; *University of Texas Medical
Branch Galveston, Texas, 77555-1110 USA ; **Johns Hopkins University School of
Public Health Baltimore, Maryland, USA

We hypothesize that chronic exposures to environmental toxicants can induce
genetic damage which causes DNA repair deficiencies. This phenomena is consistent
with the proposed mutator phenotype in carcinogenesis. The hypothesis is being tested
utilizing the Host Cell Reactivation (HCR) assay. Plasmids are damaged by UV-light
irradiation (175, 350 J/m2) to inactivate the reporter gene prior to their transfection into
lymphocytes. Introduction of the damaged plasmid into the lymphocytes challenges them
to repair the damage, thus reactivating the reporter gene. Additionally, the assay
measures the cells ability to transcribe and translate the newly reactivated reporter gene
to its functional protein. Lymphocytes, with a reduced ability to repair or a reduced
fidelity of repair, will not be able to produce a functional reporter gene product. We
have utilized HCR to measure the effects of benzene on 12 exposed workers from a
local benzene manufacturing plant and compared them to 8 non-exposed worker
controls. Repair of the transfected plasmids which had been irradiated with UV-light at a
fluence of 175J were repaired at a mean frequency of 65.76% in control workers
compared to 70.8% in exposed workers. Repair of the 35OJ damaged plasmid by
control workers occurred at a mean frequency of 57.66% compared to 61.98% in
exposed workers. The differences between the exposed workers and the controls are not
significantly different from each other. However, when the percent reduction in repair
capacity between the 175J plasmid and the 35OJ plasmid was compared, the 350J
plasmid was repaired 13% less efficiently in the exposed workers compared to control
workers who repair at 12% less efficiently. The lack of significant differences between
the exposed and the control group may be due to extremely low levels of exposure to
benzene (<_0.3 ppm). These results are supported by a parallel hprt mutation study
(Ward, personal communication) in which no increase in mutation rate was observed in
the same exposed population. To verify the sensitivity of our assay, xeroderma
pigmentosum (XP) lymphoblastoid cell lines were subjected to the same transfection and
were observed to have repair deficiency.

We are continuing to improve the assay by introduction of a co-transfected plasmid
as a measure of transfection efficiency. In addition, we are utilizing a luciferase reporter
gene because of its greater (100 to 1000 fold) sensitivity for detection. This study has
been supported by: NIEHS grant T32es07254; EPA grant R82100301; Meadows
Foundation
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EVALUATION ON THE HEALTH POTENTIAL RISK FOR POTATO GROWER
EXPOSED TO PESTICIDES THROUGH GENOTOXIC TESTS

L.S. Hovos', S. Carvajal1, L.M. Solano1, L.J. Rodriguez1, L. Orozco1, Y. Lopez1

and W. Au1

1 Universidad del Cauca, Department de Biologia, Unidad de Toxicologia, Genetica
y Citogenetica, Popayan, Cauca, Colombia 2 Department of Preventive
Medicine and Community Health, Division of Environmental Toxicology, Galvestone

The objective of this study was to evaluate the genotoxic effects of pesticides
in healthy potato cultivators, exposed regularly to pesticides from 5 to 25 years.
Chromosome aberrations and the sister chromatid exchanges were used as biomarkers.
30 exposed persons and 30 non-exposed were selected from a total of 179 interviewed
people; all between 26 and 58 years old; they were matched for the statistical analysis,
according to their age, sex, alcohol and cigarette consumption. After 48 and 72 hours
of culture at 37"C colcemide was added to the blood cultures, and after two hours
the harvest, fixing, creation and staining of the slides was done. 100 metaphases of
the first cycle and 50 of the second one were analyzed for chromosome aberrations
and sister chromatid exchanges, respectively. The chromosome aberrations statistical
analysis was done by the Ji square (X2) and the SCE/Metaphase by t test and ANOVA
analysis. From the total of breaks (97 = 100%), 84.34% corresponded to chromatic
breaks and 15.46% to chromosome breaks. The frequency of aberrant cells was of
1.36% (41/3000) for the exposed group and 1.76% (53/3000) for the control group.
A statistical significant difference was not seen between the number of aberrant cells
in the exposed group and the non-exposed group, (X: = 1.55;p)0.10). The average
SCE/Metaphase in the experimental group was 4.99 SCE/Metaphase, slightly
increased from the control group, 4.84 SCE/Metaphase; a difference not statistically
significant. The analysis of results did not find significant differences between the
experimental group and the control group for both cytogenetic biomarkers. There was
no relation between the frequency of chromosome aberrations and sister chromatic
exchange to the sex, exposed period or consumption of alcohol and cigarette. Negative
results of similar studies done with chronic plaguicide exposed workers, did not show
any increase in the frequency of chromosome aberration. Limainma (1983) did not
find increase in the sister chromatic exchange in forest workers exposed to herbicides
in Finland. Some studies have registered a significant increase in the frequency of
chromosome aberrations and sister chromatid exchange in population regularly
exposed to pesticides (Yoder et al, 1973; Paldez, 1977; Rupa et al, 1988; Dulout et
al, 1985).
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EXPOSURE TO PAH COMPOUNDS AMONG COKERY WORKERS IN OIL
SHALE INDUSTRY

T. Kuliukka1?2. K. Peltonen1*2, R. Vaaranrinta1'2,!'. Veidebaum3, M. Sorsa1

1. Institute of Occupational Health, Helsinki, Finland
2. Molecular Dosimetry Group, FIOH
3. Institute of Experimental & Clinical Medicine, Tallinn, Estonia

Oil shale industry includes several different industrial processes. Cokery is one of the
processes, and coke oven workers are known to be exposed to polycyclic aromatic
hydrocarbons (PAH). Previous studies have reported total ambient PAH concentrations
ranging up to several hundred ug/m3 at coke ovens. Workers unloading the ovens are
known to be the most exposed.

In the first phase of this study PAH exposure assessment was made by conventional
occupational hygiene measurements. We measured airborne benzo[a]pyrene and pyrene
concentrations from the breathing zone as reference compounds of PAH exposure. The
same compounds were measured from skin wipe samples to assess skin contamination.
Biomonitoring was performed using 1-hydroxypyrene as a marker of exposure. The
compound was measured from post-shift urine samples using HPLC equipped with
fluorescence detector. We have analysed 22 (Feb. 1994) and 27 (Sep. 1994) samples
from cokery workers and 10 samples from matched controls collected in nearby
countryside. Based on environmental as well as biological monitoring data significant
PAH exposure among workers is obvious. The Finnish exposure limit for airborne
benzo[a]pyrene (10 pg/m3, 8 h) was exceeded in one third of the samples (mean value
10,4 ug/m3). Skin contamination is also clearly demonstrated.

In the second phase of this study we are measuring PAH-DNA adducts from the WBCs
as a marker of biologically effective dose. Adduct measurements are carried out by ̂ 2P-
postlabeling method, which are on the progress. The objectives are to evaluate the
correlations between the measured parametres, and their usefulness as biomarkers for
assessment of PAH exposure. Differences between two exposure data sets will be
evaluated.

This study is a part of a European project which aim is to evaluate health effects of oil
shale processing by means of biomonitoring and genetic biomarker methods. This study
was supported by the Environment Research Council, Academy of Finland "M the CEC
project ERBCIPA CT92-3016 to the Estonian partners.
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WHICH CARCINOGEN IS MOST DANGEROUS IN IRON AMD STEEL
FOUNDING?

A.L. Likhachev, I.V. Savochkina, M.L. Tyndyk, and
*V.S. Koshkina
N.N. Petrov Research Institute of Oncology,
St. Petersburg
•^Institute of Biomedical and Biological Problems,
Magnitogorsk; Russian Federation

Certain exposures in iron and steel founding are
.carcinogenic to humans, giving rise to lung and some
other cancers. The workers have an occupational
exposure to various carcinogens, particularly to
airborne polynuclear aromatic hydrocarbons (PAH), of
which benzo [a]pyrene (B[a]P) is considered to be the
most dangerous (IARC Monographs, vol. 34). In a rat
study we have shown, that, following exposure to
B[a]P, individual susceptibility to its carcinogenic
effect correlates with the levels of urinary excretion
of B [a]P carcinogenic metabolite, B [a]P-7,8-diol
(B[a]PD) (Cancer Letters, 78, 163-170). Keeping this
in mind, we measured urinary excretion of Bfa]PD in
the coal gasification workers of Magnitogorsk
metallurgical plant (Ural, Russia), as well as in the
individuals, not working at the plant. We have found,
that the workers are exposed to very high
concentrations (over 7 mkg/m'^) of airborne B[a]P. It
was also found, that they have a high incidence of
lung cancer. In both groups average values of excreted
Bfa]PD were similar. This indicates, that an airborne
B[a]P was not the major source of exposure. Individual
levels of B[a]PD urinary excretion in the workers
ranged from 12 to 98, and in the individuals of a
control group, from 10 to 52 mkM/M creatinine. These
findings can suggest, that the individuals with high
levels of B [a]PD excretion are at a higher cancer
risk. However, further studying the environmental
pollution of this area by dibenzo[a,1]pyrene, which is
as much as over 100 times more powerful carcinogen,
than B[a]P, we detected essentially similar levels of
both PAH. This observation casts doubts on the
significance of B[a]PD urinary excretion, and probably
B[a]P-DNA adducts monitoring, for predicting
individual cancer risk under such exposure.
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CYTOGENETIC ANALYSES IN GOMEL CHILDREN AFTER CHERNOBYL
ACCIDENT: I) CHROMOSOME ABERRATIONS (CA) AND SISTER
CHROMATID EXCHANGES (SCE).

Lori A., C. Morizzo, F̂ ._.Genug.najiiJ M. Ballardin, C. Milillo
and R. Barale.
Dipt. Scienze dell'Ambiente e del Territorio, Univ. di
Pisa, ITALY

In 1994, a total of 60 children (8-17 years), coming from
Gomel, one of the most radionucl ides polluted area in
Byelorussia, were submitted to a variey of cytogentic
analyses. The aim was to investigate the possible effect of
exposure to radiation during the fallout, during the actual
chronic exposure, and whether cancer affected children
appear to be more susceptible than healthy ones. Lymphocytes
of 24 thyroid cancer children (9 males, and 15 females) and
36 healthy ones (18 M and 18 F) were analysed for (CA) and
(SCE) frequencies. A further control group of 37 italian
healthy children was enrolled in the study.
Lymphocytes were also treated with bleomycin for evaluating
the possible presence of adaptive response to chronic
ionizing radiation exposure. In spite of the time elapsed
between the fall-out and the analyses, a significant
increase (p=0.0005) of AC in patients compared to healthy
children (Gomel and Italy) was observed. This might be
explained by the higher exposure to fallout radiation
immediatly after the accident. In fact, the genetic damage
observed either in patient on in healthy children doesen't
appear to be associated to actual internal radiodosimetry
(beta emissions). SCE were higher in patients and italian
children compared to Gomel healthy children (p=0.001).
Males show a significantly higher AC frequency than females
(p=0.0017). The bleomycin treatment of lymphocytes doesn't
indicate the presence of adaptive response to actual
exposure to chronic radiation.
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SUPEROXIDE DISMUTASE: POSSIBLE ADAPTIVE AND
ANTICLASTOGENIC ROLE AMONG RADIATION EXPOSED WORKERS

Mahfouz M.M.1, Massoud A.A.\ Korraa S.SA Kamal A.' and El Miligy A.A/

'Institute of Environmental Studies and Research. Am Shams University
^National Centre for Radiation Research and Technology
^Department of Oncology. Radiotherapy and Nuclear Medicine, Faculty of
Medicine, Cairo University

Indirect radiation damage effects of low-LET radiation under aerobic conditions
are reported to account for 50 - 85% of radiation damage on cells. It is well
known that active oxygen species are responsible for 60 - 70% of DNA strand
breaks , chromosomal aberrations and cell killing. Of these oxygen species the
superoxide radical is considered the most efficient species as it is primarily
generated via the xanthine oxidase/dehydrogenase system present in endothelial
cells. Superoxide dismutase enzyme, the biological scavenger of superoxide radical
has been extensively reported to exhibit radioprotective, anticancerous,
aiitirheumatic. anti-inflammatory and anti-clastogenic properties, h is known to
exhibit genetic polymorphism and individual variabilities so as to its induction
capacity. Accordingly, we assessed levels of superoxide dismutase (SOD),
chromosomal aberrations (FCA) and plasma malondialdehyde (MDA) among
medical radiographers (52) and industrial radiographers (38) and 40 controls. Our
results showed significantly increased levels of SOD, MDA and FCA. A significant
positive correlation could be observed between plasma malondialdehyde and
chromosomal aberrations. Meanwhile, a strong negative correlation existed
between SOD and FCA and MDA respectively. This increase in SOD levels and
its negative correlation with FCA, implies a possible anticlastogenic and adaptive
response.
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CHROMOSOMAL ABERRATIONS AND MICRONUCLEUS ASSAY AMONG
CARDIAC CATHETERIZATION WORKERS

Massoud A.A.1, Mahfouz M.M.% Korraa S.S.' and El Miligy A.A '

'Institute of Environmental Studies and Research. Am Shams University
^National Centre for Radiation Research and Technology
'Department of Oncology, Radiotherapy and Nuclear Medicine, Faculty of
Medicine, Cairo University

Human lymphocytes micronucleus assay proved to be a reliable procedure for dose
assessment in radiation exposure being simpler and quicker than tedious assay
of chromosomal aberrations. Thus to compare the yield of these two assays as
a measure of radiosensitivity among individuals, we assessed the frequency of
chromosomal aberrations and micronuclei distribution among cardiac
catheterization physicians and technicians. Our results showed a significant
increase in the levels of FCA and MN. However, the total number of aberrant
cells in the former assay was less than the total number in the later. Meanwhile,
a significant positive correlation was observed between these two parameters. But
stiil a correlation could be observed between the number of acentric fragments
and the occurrence of micronuclei. Our results confirm the possibility of replacing
chromosomal aberration assay by the micronucleus assay in order to recognize
radiation sensitive individuals in the occupationally radiation exposed workers.
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MICRONUCLEUS DISTRIBUTION ASSAY AS A MEASURE OF
RADIATION EFFECTS AMONG INDUSTRIAL RADIOGRAPHERS

Massoud A.A.1, Mahfouz M.M.\ Korraa S.S.3 and El Gindy E.4

'Institute of Environmental Studies and Research, Ain Shams University
2National Centre for Radiation Research and Technology
'Department of Oncology, Radiotherapy and Nuclear Medicine. Faculty of
Medicine, Cairo University
•"Department ofObsterics and Gynacology, Facuity of Medicine. Menia University

The development of the cytokinesis-block (CB) technique has transformed the
human lymphocyte micronucleus assay into a reliable and precise method for
assessing chromosomal damage. Recent studies has confirmed that this method
is a sensitive indicator of in vivo exposure. In 30 workers exposed to Ir source,
12 workers at risk of exposure to X-ray source and 30 controls, we assessed the
levels of distribution of micronuclei in their lymphocytes. Our results showed a
significant increase in the distribution of micronuclei among industrial
radiographers over that of the controls. The level of micronuclei was higher among
radiation smokers over that of the controls but still the frequency of micronuclei
was higher among radiation non-smokers over that of controls. The versatility and
simplicity of the cytokinesis-block technique of micronucleus assay ensures the
successful application in monitoring of exposed populations as well as identifying
mutagen sensitive individuals within population.
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CYTOGENETIC ANALYSES IN GOMEL CHILDREN AFTER CHERNOBYL
ACCIDENT. II MICRONUCLEUS ANALYSIS.

L. Migliore, L. Cocchi and L. Zotti Martelli

Dipartimento di Scienze dellAmbiente e del Territorio, Univcrsila di Pisa, Italy

Micronucleus analysis was carried out in peripheral blood lymphocytes obtained
from a group of children living in Gomel (Byelorussia), exposed to ionizing radiation
during the Chernobyl nuclear power plant accident. Some of them had developed a
thyroid gland tumor, and thereafter underwent to surgical thyroid ablation.

Whole blood cultures were harvested both at 24 and 72 hours alter in vitro
phytohemagglutinin stimulation. In addition, a group of 37 children living in Pisa were
investigated as controls for the same cytogenetic endpoint.

Preliminary data were obtained on 26 children non affected by tumor and on
18 affected children in 72-hours cultures; the mean yields for micronuclei (MN) per
one thousand binucleated cells were 3.61 and 6.55, respectively.

Differences statistically significant (Students t-tcst) between Italian controls
and both healthy and affected children groups were observed. The most interesting
result regards the statistically significant difference found between the two groups
of Gomel children exposed to ionizing radiations (tumor affected vs. non affected,
p(0.05). No correlation was found between MN frequency and the physically
calculated radiation dose based on (3 emissions (preliminary data evaluation on a subset
of individuals).

Data are in progress and MN analysis by fluorescence in situ hybridization
(FISH) by means of an alpha satellite DNA probe, for the discrimination of centric
fragments or whole chromosomes from acentric fragments in MN, is performed.
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BIOLOGICAL MONITORING OF GENOTOXIC HAZARD IN WORKERS OF
RUBBER INDUSTRY

M. Moretti1, M. Villarini1, G. Scassellati-Sforzolini1, S. Monarca2, M.
Libraro3, C. Fatigoni1, F. Donato2, C. Leonardis4, L. Perego3.
1Dept of Hygiene, University of Perugia, Italy; 2Chair of Environ. Hygiene,
University of Brescia, Italy; 3Local Health Unit No. 12, Bergamo, Italy; 4Dept.
of Occupational Medicine, ISPESL Rome, Italy.

The chemical exposure in the rubber industry is especially wide and
complex, as many chemicals are present in this working environment
Biological monitoring of genotoxic hazard following exposure to complex
mixtures during rubber processing was performed in a group of workers from
rubber industries in Northern Italy

This preliminary study involved a group of 19 male rubber workers
employed in the same job category at four factories. Exposed subjects were
matched, for age, smoking habits and alcohol consumption, with unexposed
subjects.

Peripheral blood lymphocytes of exposed and control subjects were
analysed for the presence of DNA damage (single-cell microgel-
electrophoresis, or "Comet" assay) and for cytogenetic parameters (sister
chromatid exchanges and micronuclei) as well as for changes in proliferation
index The use of SCE and micronuclei as marker of early biological effects
is well established in biomonitoring studies, while "Comet" assay is a more
innovative technique we used as marker of biological effective dose.

Furthermore, in order to develop a suitable and non-invasive protocol
for the assessment of potentially genotoxic exposures, we have applied
bioassays in urine samples; urine mutagenicity test, urinary concentration of
thioethers, and excretion of 6-fi-hydroxycortisol. The excretion of urinary
mutagen metabolites and thioethers is usually reported as marker of
exposure (thioethers concentration in urine samples also mirror the activity
of the detoxication phase-ll enzyme glutathione S-transferases). The urinary
concentration of 6-ft-hydroxycortisol is used to monitor the inductive status
of cytochrome-P450 enzymes (phase-l). The ratio of 6-(3>-hydroxycortisol/17-
OH-ccrticosteroids assess the status (induction or inhibition) of cytochrome
3A4 enzymes.

Preliminary analysis of results showed among exposed subjects an
increase in the induction of micronuclei and an inhibition of the CYP3A4
enzymes.



P4-22

CYTOGENETIC ANALYSES IN GOMEL CHILDREN AFTER
CHERNOBYL ACCIDENT. IV EXPRESSION OF CHROMOSOME
FRAGILE SITES

Maria. Nieri, Antonio Musio and Isabella Sbrana
Dipartimento di Scienze dell'Ambiente e del Territorio, Universita di Pisa, Italy

Fragile sites (FS) are breakage-prone regions on human chromosomes which
result when the cells are exposed to specific chemical agents or conditions of
tissue culture. FS molecular structure and biological significance are largely
unknown: their presence during chromosomal evolution suggests their
involvment in the chromosome structure and function (f.e., evidence of
cytogenetic expression of gene activity). FS were thought to be implicated in
the chromosomal rearrangements present in malignant desease: this hypothesis,
still controversial, was supported by the observation of an association between
FS localization, cancer breakpoints and oncogenes. A relationship between FS
and cancer is further suggested by the experimental evidence of a overlapp
between known common FS and chromosomal aberrations after exposure to
several mutagens/carcinogens. In a previous paper we observed an enhanced FS
expression associated with pesticide exposure (°).
In this work an analysis of FS expression was carried out in aphidicolin-treated
peripheral lymphocytes of a sample of children exposed to ionising radiations
during the Chernobyl nuclear power plant accident. Some of these children
developed thyroid carcinomas, while the others, matched to them for sex and
age, were without cancer.
Preliminary results obtained from analysis of G-banded metaphases (30
metaphases per subject, 8 chidren with thyroid carcinomas and 8 without
cancer) showed an higher number of chromosomal aberrations in subjects with
cancer than in children without cancer. The aberrations were prevalently located
at few known FS, highly expressed in patients: 3p 14, 7q32, 16q23 and Ip22.
Other sites were preferentially expressed in control subjects. No or few
aberrations were observed at bands (10qll.2, 10q21, 17q23) involved in
thyroid carcinomas specific rearrangements.

(°) Sbrana I. and A Musio (1995) Enhanced expression of common fragile sites
with occupational exposure to pesticides. Cancer Genet Cytogenet, in press.

The present work is part of a Ph.D. thesis (M.N.)
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COMPARATIVE STUDIES OF THE MUTAGENIC AND GENOTOXIC
POTENTIALS OF TWO ANTIMALARIAL DRUGS - CHLOROQUINE
AND MEFLOQUINE.

E.E. Obaseiki-Ebor and J.C. Akerele
Department of Pharmaceutical Microbiology, Faculty of
Pharmacy, University of Benin, Benin City, Nigeria.

Malaria fever is an endemic disease in the tropical
regions of the world and according to WHO report it is
responsible for the death of at least several thousand
people annually. This study compares the In vitro
mutagenic and genotoxic potentials of two antimalaria
drugs - chloroquine, popularly used in tropical areas
for the treatment of malaria, and, mefloquine - a
relatively less used, effective in chloroquine
resistant episodes and a newer drug. The studies were
based on the Ames mutagenicity test protocol and the
microscreen phage-induction assay for determining
genotoxicity potential. Our results showed that
chloroquine and mefloquine exhibited well defined
mutagenic potentials but were non-genotoxic. The
health implicationsof the mutagenic potentials of
these drugs are discussed considering the massive
amount of chloroquine frequently administered to
subjects for the treatment of malaria fever in highly
infected areas of the world.
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8-OHdG EXCRETED IN URINE AS A BIOMARKER OF OCCUPATIONAL
EXPOSURE IN DYE, RUBBER AND ASBESTOS INDUSTRIES.

J.Palus'^ K.Wyszynska0, Ch.Tagesson2) and O. Axelson2)

J) Nofer Institute of Occupational Medicine, Lodz, Poland
2) Faculty of Health Sciences, Linkoping Universitet, Sweden

Oxidative DNA damage has been suggested to contribute to a number of diseases

including cancer. In order to study the relationship between oxidative DNA damage

and occupational exposures, urinary excretion of the oxidative DNA adduct,

8-hydroxydeoxyguanosine (8-OHdG), was determined in asbestos workers, rubber

workers, azo-dye workers and controls. Levels of 8-OHdG in urinary samples were

quantified by automated coupled-column high-performance liquid chromatography

with electrochemical detection (HPLC-EC). The registered 8-OHdG levels (in

}imol/mol creatinine) were 1.40 + 0.56 in asbestos workers, 1.48 + 0.57 in rubber

workers, 1.92 + 0.85 in azo-dye workers and 1.07 + 0.41 in controls. Thus, 8-OHdG

levels appeared to be significantly higher (p < 0.05) in each of the exposed groups

than in the control group. Regression analysis revealed no important association

between 8-OHdG excretion, age and smoking. These findings suggest that

occupational exposure may contribute to an increased oxidative DNA damage and

point to the possible use of urinary 8-OHdG assays in biomonitoring of biological

effects of exposure to chemicals in selected industrial workplaces.
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DETECTION OF CYTOGENETIC DAMAGE IN LYMPHOCYTES OF
FARMERS EXPOSED TO PESTICIDES IN CENTRAL ITALY

R.Pasquini1' G.Scassellati-Sforzolini1, M.Moretti1, M.Villarini1, C.Fatigoni1,
L. Sicilia2, M. Gigli2, F.A. Bauleo2

^ Dipartimento d< Igiene, Universita' di Perugia (Italy). 2 ULSS n.3, Settore
Prevenzione, Educazione Sanitaria, Medicina Legate (Italy).

Pesticides are a large class of chemical compounds to which man is
widely environmentally exposed. Although some studies showed genotoxic
properties of several pesticides, only a few researches concerning the genotoxic
effects of these compounds on agricultural workers have been performed. In
some biomonitoring studies on subjects exposed to pesticides a significant
increase of cytogenetic damage related to pesticide exposure has been reported.
However, other studies have failed to detect a significant increase in
cytogenetic end-points among agricultural workers.

Since agricultural workers are exposed to complex mixtures of
pesticides and that exposures vary depending on the area, the type of crops
grown and the use of protective measures, it is quite difficult to extrapolate the
results obtained from one population to an other. For this reason, additional
studies with different exposed groups are needed to obtain a more
comprehensive understanding of the genotoxic effect that exposure to
pesticides can produce in humans.

The aim of the present study was to evaluate the frequency of sister
chromatid exchange (SCE) and micronuclei, as markers of early biological
effects, and the presence of DNA damage (evaluated with the Comet assay), as
marker of biological effective dose, in peripheral blood lymphocytes of farmers
occupationally prevalently exposed to fungicides in Central Italy.

A preliminary study was performed on a group of 17 male pesticide-
exposed subjects and in 17 male referent people living in the same area and
with no history of occupational exposure to pesticides or/and other
occupational chemical compounds. All the individuals completed a
questionnaire in which personal data, working activity, type and duration of
contact with pesticides, X-rays, use of drugs, alcohol and coffee, and smoking
habits were recorded.

Preliminary results showed that the comparison between exposed
subjects and controls did not reveal significant differences neither in markers of
early biological effects nor in the marker of biological effective dose.
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BIOMONITORING STUDIES IN A GROUP OF SERVICE STATION
ATTENDANTS

M. Pitarque, E. Carbonel!, N. Lapeiia', M. Marsa1, A. Creus, N. Xamena and JL
Marcos
Unitat dc Gcnetica, Departament de Genetica i dc Microbiologia, Universitat Autonoma
de Barcelona, 08193 Bellaterra, Spain.
'Centre de Seguretat i Condicions de Salut en el Treball, Generaiitat de Catalunya,
Barcelona, Spain

Petroleum derivatives constitute environmental pollutants so extended that human
populations are certainly exposed. Epidemiological studies conducted on populations
exposed to petroleum exhausts have shown that there is an increased incidence of
diseases such as lymphopoietic cancer, lung cancer and non-malignant respiratory
diseases related to exposure.
To increase our knowledge on the risk associated to petrol exposure, we have carried
out the biomonitoring of a population working as service station attendants. Data on
the frequency of micronucleus (MN) and sister-chromatid exchanges (SCE) in
peripheral blood lymphocytes were evaluated and compared with those obtained in a
concurrent control.
52 men, working at 11 different service stations of Barcelona, have been investigated.
The control group was constituted by 55 men working at the University, without
indication of previous exposure to genotoxic agents.
From each petrol station, vapour samples were collected during 16h by means of
organic vapor monitors (3M). The mean work-place levels of benzene, toluene and
xylene were 0.91 ±0.14 mg/m3, 1.58+0.18 mg/m3 and 0.89±0.1l mg/nr\
respectively. Another estimation of exposure was obtained by measuring the following
metabolites: phenol, hypuric acid and methylhypuric acid in urine, after 8h exposure.
Moreover, taking into account that some petrol components can exert several blood
diseases, haematological analysis from blood samples of petrol attendance workers was
done.
With reference to the cytogenetic parameters, a inexplicable significant difference was
obtained for the frequency of binucleated cells with micronuclei (BNMN) between
workers (18.15 + 1.33) and controls (23.45+2.31). Nevertheless, our results show a
significant increase in the frequency of SCE associated with petrol exposure 8.22+0.29
V J 6 . 7 2 1 0 ± 0 . 4 3 .
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DETERMINATION OF SOME BIOMARKERS OF CARCINOGEN EXPOSURE
INPERSONS EXPOSED TO POLYCYCEIC AROMATIC HYDROCARBONS

W_._Ppj2j). C. Vahrenholz, C. Schell. J.v. Biilow. (i. Miiller. R. Kraus and K. Norpoth
Institute of Hygiene and Occupational Medicine. University of Essen. Germany

Polycyclic aromatic hydrocarbons (PAHs) arc carcinogens responsible for human
lung and skin tumors. Biomarkers are needed in order to monitor individuals with
occupational and environmental exposure to PAHs with respect to their cancer risk.
With the aim of validation of some biological effect markers of carcinogen exposure
we investigated a group of PAH exposed persons and compared the results with
those of other PAH exposed groups.
Methods: We investigated 29 coke-oven workers and a standardised control
group. In lymphocytes we determined the frequencies of DNA single strand breakage
and DNA protein cross-links (alkaline filter elution) and of sister chromatid
exchanges (SCEs) as well as DNA adducts C-P-postlabeling assay): lymphocyte
subpopulations in blood (flow cytometry) and the activity of the glutalhione
transferase theta in erythrocytes were determined, too. In the air 1° PA I Is and
benzene were measured by personal air monitoring and the excretion of S-
phcnylmercapturic acid in uring was determined. Additionally, the biomarker results
were compared to further results of biomarker studies in PAH exposed groups (2
further coke-oven worker groups. I group of PAH and alcohol exposed oral cancer
patients).
Results and discussion: We found a significantly elevated frequency of DNA single
strand breaks in the lymphocytes of coke-oven workers. The level of DNA adducts
was (not significantly) elevated, but showed a good correlation with the PAH
concentrations in air and a negative correlation with the glutathione transferase
activity. DNA adducts were elevated in smoking workers, but not in smoking
control persons. In one further group of coke-oven workers with higher PAH
exposures we could not find a difference between smoking and nonsmoking workers
with respect to DNA adduct levels. The SCE levels in the group of coke-oven workers
and in one further group of coke-oven workers were lower than in control persons. In
all groups there was a good discrimination of smoking habits by the SCI:
frequency determination.
In conclusion the alkaline filter elution (unspecific biomarker) and the postlabeling
assay (specific method) seem to be the most sensitive methods for monitoring persons
who are exposed to low levels of PAHs.
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32P-POSTLABELING ANALYSIS OF NITRO-PAH ADDUCTS FORMED FROM
FOUNDRY AIR PARTICIPATE MATTER IN VITRO AND IN HUMAN DNA

K. Savela1, M.J. Kohan2, C.P. Dickey3, F.P. Perera3, K. Hemminki4,
J. Gallagher, and J. Lewtas2

1. Institute of Occupational Health, Molecular Dosinietry Group, Helsinki, Finland
2. U.S. RPA, Chapel Hill, North Carolina, USA
3. Columbia University, School of Public Health, NY, USA
4. Karolinska Institutct, Huddinge, Sweden

DNA adducts are important biomarkers providing information about exposure to

carcinogens, individual differences in carcinogen metabolism and DNA repair. This

study is a part of an ongoing investigation on biomarkers in Finnish iron foundry

workers in order to evaluate nitro-PAH exposure. 1-Nitropyrene (I-NP) is usually

detected in high concentrations in environmental and occupational PAH-samples. 1-

NP is metabolized both by oxidalive and reductive pathways, or in a combination of

these two. Reduction of 1-NP leads to the formation of N-hydroxy-l-aminopyrene

that can bind to DNA giving reaction products of N-(deoxyguanosin-8-yl)l-amino-

pyrene, and two additional 6- and 8-(deoxyguanosin-N2-yl)-l-aminopyrene have also

been characterized. Oxidative metabolism of 1-NP forms 1-NP 4,5-oxide and 1-NP

9,10-oxide that are potent candidates of additional DNA binding products.

Several nitro-PAH concentrations were analyzed by GC in foundry filter extract,

and the highest concentrations of nitro-PAHs in the foundry particulatc extract were

3-NO2-benzo(a)pyrene (17.6 ppm) and l-NO2-pyrene (10.9 ppm). Calf thymus DNA

was incubated in vitro with iron foundry filter extract, which was activated by

oxidative (S9 mix) and reductive (xanthine oxidase) enzymes. From in vitro exposed

CT DNA a complex pattern of adducts were obtained on TLC using butanol and

nuclease PI enhanced 32P-postlabeling assay. 1-NP and benzo(a)pyrene adducts were

used as marker compounds in characterizing the DNA adducts by HPLC equipped

with radioactive detector. In vitro prepared 1-NP-DNA standard was shown to be

nuclease PI sensitive and was detected only by butanol extraction. No 1-NP-DNA

adducts were detected from in vitro incubated CT DNA or foundry worker WBC

DNA. Overall, a low level of total PAH-DNA adducts were detected from exposed

human DNA. (This project was supported by NIEHS PO1 ES05294.)
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THE GENOTOXIC STUDY OF THE COPPER COMPLEX

E.Szabova and D. Zeljenkova

Institute of Preventive and Clinical Medicine ,

Bratislava, Slovak Republic

The copper complex C'.unif); lron)2 tested in this

study was synthesised with the intention of gaining

new substance possessing antirheumatic effect. It

contains niflumic acid in combination with Cu. The

substance will gradually be subjected to complex bio-

logical analysis.

At first the acute oral toxicity in mice was

determined . The copper- complex was also studied by

the Ames test and the cytogenetic analysis of bone

marrow in mice with the aim to investigate its poten-

tial mutagenic effect.

The tested compound did not exhibit any mutagenic

effect in a quantitative test of any strain of

Salmonella typhimurium at any concentration. Neither

any significant increase appeared in the frequency of

induced revertants in a metabolic activation test, in

comparison with the level of spontaneous revertants

in the control group. Independent of dosage, the

tested substance did not cause any statistically

significant increase in the number of structural

chromosomal aberrations. We observed the occurence of

chromatid breaks and gaps only, no other kind of

chromosomal aberrations was found.As it is known that

Cu-complex possess antirheumatic properties it would

be possible to think about its use in pre-clinical

tests.
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CYTOGENETIC STUDY ON CHILDREN STILL SHOWING AN INTERNAL
Csl37 CONTAMINATION

(1) Testa A., (1) Appolloni M., (1) Mauro F., (1) Padovani
L., (1) Stronati L., (2) Caporossi D., (2) Tedeschi B.,
(2) Vernole P., and (3) Barale !L

(1) Division of Environmental Toxicology, ENEA Casaccia,
(2) Dept. Public Health and Cell Biology, Tor Vergata
University, Roma, (3) Dipt. Scienze dell'Ambiente e del
Territorio, Universita di Pisa, Italy.

In a previous study, performed 5 years after the Chernobyl
accident, radiation-induced chromosome damage was still
present in lymphocytes of Byelorussian children and could
be attributable either to the persistence of aberrations
induced by acute initial exposure or to the continous
internal Csl37 contamination as evidenced by whole body
counter (WBC) analysis. In order to better evaluate the
long-term effects of continuous exposure to ionizing
radiation, we extended our cytogenetic analysis to a wide
group of children still resulting Cs 137 contaminated. All
children underwent medial examination and clinical labora-
tory analysis showing no evidence of radiation patholo-
gies. During the first and third week of their stage,
internal contamination from Csl37 and Csl34 was measured
by WBC and urine radiotoxicologial analyses were carried
out at the ENEA laboratories. In this preliminary report,
17 subjects with internal contamination ranging between
700 and 10.000 Bq plus one subject showing 30.000 Bq were
compared with a control group of 7 subjects never exposed
to chronical doses of ionizing radiation. For each sub-
ject, a total of 600 Giemsa-stained metaphases were sco-
red. The results show an increased chromosome damage,
mainly with breaks and rearrangements, in contaminated
children with respect to the controls. We could not find a
positive correlation between chromosome damage and inter-
nal contamination.
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EFFECTS OF OCCUPATIONAL EXPOSURE IN DYE INDUSTRY
AND ALUMINIUM PLANT ASSESSED BY SISTER CHROMATID
EXCHANGE IN LYMPHOCYTES

K.Wyszyriska, W.Chwiaikowska-Liro and E.Dziubattowska
Nofer Institute of Occupational Medicine, Lodz, Poland

Sister chromatid exchanges in the peripheral blood lymphocytes are widely used to

monitor human populations exposed to the genotoxic agents. Several

epidemiological studies indicate that workers in various industry occupational

exposed to the mutagens have higher frequency of SCE than control. The aim of our

study was the estimation of these cytological effects in workers employed in the dye

industry and in the aluminium reduction plant. In these factories the high level of

inhalation exposure to the mutagenic agents has found using Salmonella/microsome

test in the airborne particulate matter und in the urine of workers. The results of our

cytogenetic analysis has shown that the mean of SCE/cell in blood samples collected

from 53 workers at the dye product departments was significant higher than in 26

control persons (7.94 ± 1.56 vs. 6.53 ± 0.97). In the lymphocytes of workers at the

aluminium plant (n=46) the slight, but not significant increase of SCE in comparison

to control subjects (n=29) has observed (6.90 ±1.19 vs. 6.53 ± 1.25). It has been

found that in all tested populations (exposed and matched controls) the smoking

habit was responsible for the considerable increase of SCE level. These findings

suggest that mutagenic activity of substances emited to the environment in the

aluminium plant was insufficient for SCE induction in the peripheral blood of

workers.
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TERATOGEN INFORMATION SERVICE IN COLOMBIA: THE
OCCUPATIONAL EXPOSURES.

H.A. Clavijo, C.L. Roncancio, B. Galarza and A. Correa
Escuela Colombiana de Medicina, Apartado Aereo 085206 Santafe de Bogota,
D.C. Colombia.

A Teratogen Information Service (TIS) was set up in Colombia with the puipose
of providing information about the reproductive risks related to chemical,
physical and biological exposures during pregnancy.
The TIS is a service that operate by telephone or by a personal interview with a
clinical geneticist. During this 2 years of functioning, the TIS recorded a total
of 274 consults (free of charge): a 76% related to pregnant women who wished to
become pregnant and 6% for other reasons. Most of the consults were from
Santafe de Bogota (85%).
The exposures recorded according to the reason for the consult were drugs
(68%), occupational exposures (19%) and other reasons (13). The concern about
occupational exposures (biological agents, dyes, pesticides, glue or cement,
ionizing radiation, non-ionizing radiation, stains and solvents) were two times
fold on the second year of operation. Teratogenic risks were found on 12%
of the consults.
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THE IMPACT OF ENVIRONMENTAL EXPOSURE AND LIFESTYLE ON THE
PREGNANCY OUTCOME

J. Deimek*. S. Selevan", M. Dostal*, K. Peterkova*. R.J.Sram*

* Regional Institute of Hygiene of Central Bohemia, Prague, Czech Republic
** Human Health Assessment Group, US EPA, Washington DC, USA

Objectives: The evaluation of the impact of (1) air pollution and lifestyle variables
and (2) exposure estimated by biomarkers on the outcome of hospitalized pregnancies.

Methods: The study consists of the two parts. (1) In the cohort study all pregnancies
terminated during 3 years (from April 1994) are studied in districts Teplice (with high
level of pollution) and Prachatice (with low one). Personal, reproduction, exposure
and lifestyle data are collected in questionnaires. As "adverse outcomes" low birth
weight infants (< 2500 g) and premature births (< 37 weeks) were chosen on the
basis of power analysis as most suitable for the study. Birth defects and spontaneous
abortions were rejected (for high etiological variability and incompleteness of
collection). Individual exposure will be estimated from environmental measures and
exposure models. (2) In the nested case-control study mothers with "adverse
outcomes" are compared with systematically selected control mothers with "normal
outcome". Several biomarkers in maternal blood, cord blood and placenta are
measured (DNA adducts, Dna strand breaks by the Comet assay, cell immunity
markers etc.): freezed specimens are stored for eventual further biomarkers.

Analysis: Relationship between pregnancy outcomes and exposure resp. biomarkers
level will be analysed. Critical windows of exposure will be considered for the
outcomes based on biological plausibility for exposures observed.

Results: Several preliminary results of descriptive data were discussed. Importance
of the ethic structure and lifestyle variables for the comparisons of regions is
demonstrated.

This work was supported by the Czech Ministry of Environment.
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INDUCTION OF SPERM HEAD ABNORMALITIES AFTER COMBINED
EXPOSURE WITH LOW DOSES OF X-RAYS AND ACRYLAMIDE

M.M. Dobrzyriska and A.K. Gajewski*
National Institute of Hygiene and * Academy of Physical
Education, Warsaw, Poland

Acrylamide (AA) is a vinyl monomer often used in the in-
dustry and in the scientific labs. X-rays are well known
environmental mutagen and carcinogen widely used in cancer
therapy. Combined X-rays-AA exposure is possible in industry
as well as in genetic or other laboratories. The induction of
sperm-shape abnormalities has been used as an assay system to
identify mutagenic agents. In mouse it has been shown that an
agents ablity to induce sperm abnormalities is related to its
ablity to act as a germ cell mutagen. It is possible that
chromosomal abnormalities could be associated with an increa-
se the frequency of abnormal spermatozoa.

Study was performed using sperm morphology test. Male
mice were treated with 0.25 Gy of X-rays, 75 mg/kg bw of AA
and with combination of both agents. The animals were killed
1,7,14,21,28,35 and 42 days after treatment. 1000 spermatozoa
per mouse were examined and classified as normal, banana like
lacking in hook, amorphus, folded and twin tailed forms.

X-rays given alone induced the lowest percent of abnormal
spermatozoa after exposure of spermatogonia and early sperma-
tocytes. The maximal frequency of sperm-shape cells were
obseved after exposure of late spermatids and spermatocytes.
The most sensitive stages of spermatogenesis to treatment
with AA occurs spermatozoa and late spermatids. Combined X-
rays-AA treatment clearly increased the frequency of abnormal
sperm head after exposure of spermatozoa, late spermatids and
early spermatocytes. The lowest percent of misshapen sperm
after exposure with AA alone and in combination with X-rays
was observed in spermatogonia.

In addition the analysis of enhancement in risk were
performed. Enhancement in risk in all stages of spermatogene-
sis was observed. This mean that the effects after combined
exposure significantly exceeted the sum of effects produced
alone by the agents.

Present study show that combined exposure even in low
doses increased frequency of abnormal sperm head.
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IMMUNE BIOMARKERS IN CORD BLOOD IN THE NORTHERN BOHEMIA

M. Postal*. J. Dejmek*, P.A. Steerenberg**, H. van Loveren** and R.J. Sram*

'Laboratory of Genetic Ecotoxicology, Inst. Exp. Medicine, Academy of Sciences
and Regional Hygiene Inst. of Central Bohemia, Praha, Czech Republic,
"Inst. of Public Health and Environmental Protection, Bilthoven, The Netherlands

Alterations of the programmed development and differentiation of the immune system
in the prenatal period can be due to genetic, environmental and maternaliy-mediat:i
factors. From the ethical point of view, the cord blood is an acceptable source or
lymphocytes for monitoring populations exposed to environmental toxicants. Within
the PREGNANCY OUTCOME project, comparing relatively high and low polluted
districts of Czech Republic (TEPLICE and PRACHATICE, respectively), we have
assayed NK, B and T (CD4+, CD8+ and HLA-DR+) lymphocytes in the cord blood
of neonates and peripheral venous blood of their mothers at delivery. Lysed whole
blood and Becton Dickinson Immunocytochemistry Systems flow cytometer,
monoclonals and software were used. 113 mother-neonate pairs of blood samples were
analyzed in May 1994 - April 1995. The results show significant differences between
the two districts in proportions of the main lymphocyte subsets - T and NK cells -in
cord blood, the percentages of T and NK lymphocytes seen in the control district
being similar to published data on age-related changes in lymphocyte subpopulations
(Erkeller-Yuksel et al., Pediatrics, 1992). Our results seem to support the hypothesis
that environmental factors can influence the prenatal development of the immune
system. Data on the life style, pregnancy and delivery associated variables are being
analyzed.

This study was supported by the Czech Ministry of Environment and PHARE II,
EC/HEA/18/CZ.
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HORMONAL IMBALANCE VS. REDUCED MEIOTIC RECOMBINATION AS
THE CAUSE OF HUMAN TRISOMY: CAN NONDISJUNCTION BE
PREVENTED IN REPRODUCING WOMEN?

M.E. Gaulden
University of Texas Southwestern Medical Center, Dallas, Texas USA

Many causes for human trisomy have been proposed since the English physician
Down first described the eponymous syndrome in 1866. Although chromosome 21
trisomy is the genetic basis, cause of the nondisjunction (NJ) leading to it remains
a mystery. Many hypotheses have been discarded, but two have persisted:
hormonal imbalance and reduced meiotic recombination.

A plausible hypothesis must fit several facts. (1) Approximately 95% of Down
syndrome (DS) children (free trisomy) receive the extra chromosome from their
mother. (2) In the majority of these the ND occurred at anaphase I, which occurs
in the ovary. (3) The incidence of DS produces a J-shaped curve with maternal age
from 13 to 45 years, not reaching zero at the lowest part. The latest hormonal
imbalance hypothesis accounts for all of these and also explains the occurrence of
ND in sperm precursor cells, tumor and embryonic cells as well as the fact that
women of all reproductive ages may have a DS child (Gaulden, 1^92, ivlul. Rob.
296:69). Prevention of ND at metaphase-aiiaphase I may be possible.

Polymorphism analyses of DNA from DS children and parents have been
interpreted to result from reduced recombination in oocytes, but there are not yet
enough markers on chromosome 21 to place confidence in this explanation.
Further, according to the long-held paradigm of meiosis in all organisms,
recombination is completed before diplotene, the stage at which all mammalian
primary oocytes go into a "resting" state before birth. This would make impossible
the relation of maternal age to reduced recombination. However, recent data from
yeast suggest that the final step in recombination does not occur until near the end
of diplotene, a stage of only 15 minutes in yeast but years in the oocyte. Data on
this point in oocytes are needed; if they confirm the yeast data, revival of the
"production line" hypothesis might be warranted. It is difficult to see how reduced
recombination could be prevented.
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UTILITY OF DROSOPHILA DELAYED SEX LINKED RECESSIVE LETHAL MUTATION
TEST IN MUTAGENICITY TESTING.

Purushottam Kale
Alabama A. & M. University, Normal, AL 35762

Sex linked recessive lethal mutation assay is one of the most
sensitive assays in Drosophila mutagenesis. Using this test and
adult mutagen feeding, the National Toxicology Program arranged
screening of several suspect carcinogens. Many of these were
positive in genotoxicity tests using salmonella and CHO cells, but
were found negative in the regular (F£) SLRL assay. We tested two
of these compounds namely 1, A, Dioxane and Dimethoxybenzidine
using larval feeding and delayed mutation (Mosiac) test. One to
two day old larvae were treated for two or three days. The
concentrations which killed 50% of the individuals was used for
SLRL testing. Treated males were individually brooded for 12 days
to obtain six broods from spermatozoa, spermatids, spermatocytes
and spermatogonia. Ten F^ pair matings were cultured from one F2
vial. 1, 2, Dioxane induced significant number of delayed
mutations in spermatocytes and spermatogonia. Dimethyl-benzidine
induced significant numbers in all four types of germ cells. The
results indicate that some carcinogens, negative in regular (F2)
sex linked recessive test, may be proven mutagenic if the testing
is extended to examine the induction of delayed mutations.
(Supported by NIH/MBRS grant 5 S06 GM/08250-06)
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Topic No. 5 (Reproductive and developmental effects of
environmental mutagens)

CHROMOSOMAL ABNORMALITIES DETECTED IN ZYGOTES
AND 4-DAY EMBRYOS OF MICE USING MULTI-PROBE FISH

X. Lowe"1, F. Marchettil, T. Ahlborn^'2, J. Bishop3, N. Titenko-
Holland2, M. T. Smith2, and A. I. Wyrobek1

1 Biology and Biotechnology Research Program, Lawrence
Livermore National Laboratory, Livermore, CA; ^School of Public
Health, University of California, Berkeley, CA; ^National Institute
of Environmental Health Sciences, RTP, NC

Pre-implantation is a sensitive period of early mammalian
development, and embryos carrying cytogenetic defects are generally
less viable and more susceptible to morphological abnormalities
before and after birth. We are developing new methods to detect
molecular cytogenetic defects near both extremes of the pre-
implantation period (i.e., zygote and 4 day post conception). These
methods are being used to characterize the induction and
persistence of cytogenetic damage during early development and the
fate of embryos carrying cytogenetic defects. First cleavage metaphase
spreads were prepared from one-cell zygotes isolated by a mass
harvest procedure. Metaphase spreads were labeled using multi-
color fluorescence in situ hybridization (FISH) with various
combinations of high-complexity chromosome-specific painting
probes. The zygote FISH methods are being applied to determine the
levels of translocations, dicentrics and aneuploidies inherited via
either of the parental germ cells. The cells of the 4-day blastocysts
were prepared for interphase FISH analysis by uterine flushing, cell
spreading in hypotonic solution, and sequential fixation.
Micronuclei are being detected using DAPI and characterized with
pan-centromeric DNA probes. Ploidy is being assessed using DNA
probes for both sex chromosomes. These methods have applications
in studies of genetic factors affecting embryo susceptibility, embryo
toxicology, and for determining the developmental consequences of
genetic damage transmitted via maternal or paternal germ cells.

[Work was performed under the auspices of the U.S. DOE by the Lawrence
Livermore National Laboratory under contract W-7405-ENG-48 with support from
NIEHS Y01-ES-10203-00 and Program for Molecular Cytology, UC San Francisco].
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REPRODUCTIVE EFFECTS OF ENVIRONMENTAL GENOTOXIC FACTORS

I.N. Lunga

Center of Medical Genetics, Moscow, Russia

The executed investigations afforded to create complex program of revealing
genotoxic effects in occupational groups. Using retrospective analysis of indices of
reproductive function became the basis of this program. The peculiarities of this
program are combined using of genetic-epidemiological and family approaches and
computer analysis which provides differential evaluation of mutagenic and teratogenic
effects of environmental genotoxic factors in the form of reproductive effects.

The created computer data bases were used for calculations of coefficients of
linear discriminant function for comprising data of reproductive losses in the workers
of two chemical industry plants.

These results allowed to make a set of scales for determination of risk of
breach of reproductive function indices that is supposed to be used for medical genetic
consultations.
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THE CONTRIBUTION OF MUTAGEN1C ACTIVITY OF PESTICIDES TO
REPRODUCTIVE AND DEVELOPMENTAL DISTRURBANCES

N.R. Shepelskaya and L.V. Martson
National Institute of Health, Kiev, Ukraine

It is not possible, at the moment, to give a precise estimation of the extent to
which chemicals contribute to the induction of abnormalities in human development,
however data accumulated up to the present sometimes give a possibility to
correlate reproductive and teratogenic hazards with environmental harmful factors
in particular pesticides.

Identification of a mutagenic and toxic contribution in the development of the
reproductive function hazards under the influence of chemical agents deserves a
good deal of interest both in practical and theoretical respects. An analysis of the
authors'own developmental toxicity studies having been tested of approximately 50
chemical compounds (mainly pesticides) revealed that significant part of them had an
adverse effect on the reproductive function of comparatively low dose levels.

A comparison of the obtained results with those of the reference materials on
testing the same substances on their mutagenic activity gives a possibility to draw a
conclusion of a clear correlation for pesticides-mutagens (dimatif,2,4,5,-T, tetral,
imidan) with reproductive and embryogenesis disturbances.
However the manifested mutagenic activity is characteristic for a small number of
pesticides. In other cases, alternations of the reproductive process do not correlate
with mutagenic activity of the tested compounds (polyram, decis, isophene,
mancoceb, diasinon, crotoxiphos) making it possible to propose the occurrence of
toxic effect contributing to the mechanism of development for pathology genesis we
had investigated.
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USING INDEX OF NEW-BORNS' BODY WEIGHT AS AN
INDICATOR OF GENOTOXIC EFFECTS

G.V. Smirnova and I. N. Lunga
Research Centre for Medical Genetics

The result of executed investigation evaluated a possibility of using
index of new-bom's body weight as an indicator of genotoxic effects.
Comparative analysis of distribution of new-boms' body weight was made
taking into consideration ,,adaptive rate" that has limit 3250 - 3650 g.
Statistically significant variants have been obtained in distribution new-
borns' body weight in control group and a group of persons contacting
with genotoxic factors during occupational process.

In the families where parents were exposed to occupational hazards during
their work the frequency of delivery of children with body weight
corresponding to ,,adaptive rate" is authentically reduced as compared
with a group of children whose parents have not been exposed to
occupational hazards during occupational process.
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PATERNAL CHEMICAL EXPOSURE, SPERM DAMAGE AND
EMBRYOTOXICITY IN MICE

N.Titenko-Holland1. T.Ahlborn1'2, X. Lowe2, A Wyrobek2 and M.T. Smith1

'University of California, Berkeley, USA
Lawrence Livermore National Laboratory, Livermore, USA

Exposure to environmental chemicals can damage male germ cells and
have adverse effects on progeny, causing cytogenetic abnormalities,
spontaneous abortions, congenital malformations, cancer, etc. Few methods
exist to evaluate male-mediated genotoxicity and fewer allow for direct
examination of early embryos. We propose that abnormalities in the
morphology, cytology and cytogenetics of preimplantation embryos will serve
as a sensitive marker of paternal exposure to chemical mutagens at different
stages of spermatogenesis and will help to understand the mechanisms of male-
mediated toxicity and dominant lethality.

Preliminary data obtained with two mutagens (ethyl methanesulphonate
and acrylamide) shows that paternal exposure to both mutagens results in a
sharp dose-dependent increase in the percentage of morphologically abnormal
embryos 1-2 weeks after treatment when postmeiotic cells were treated. This
data correlates with preimplantation loss determined by the dominant lethal
assay. In our procedure, treated male C57B1/6J mice are mated with intact
female C3H/J mice and preimplantation embryos are collected and studied 4
days p.c. for several subsequent weeks. Embryos are evaluated under a stereo
microscope, and assigned to various categories of developmental arrest and
morphological degradation based on their morphology and cytology. Three
types of morphological abnormalities are documented: 1) arrest of cleavage,
when the embryo has only 2-10 large blastomeres instead of the 32-64,
characteristic for normal blastocysts; 2) embryos with lysis of blastomeres,
when all or part of the cells are deformed, disorganized, with degenerative
cellular structure; and, 3) oocytes that did not proceed with cleavage and have
granulated cytoplasm with different extents of nuclear disintegration. Normal
and abnormal embryos are incubated for 17-20 min in hypotonic KC1 solution
at 37°C and fixed with ice-cold methanol/glacial acetic acid (3:1) according to
the method of Tarkowski (1966) with some modifications.

Individual embryo spreads are stained with Giemsa and evaluated for
cell number, micronuclei, and metaphase aberrations. In addition, we are
developing staining methods with multi-probe fluorescent in situ hybridization
(FISH). After protease treatment slides are stained with pancentromeric probe,
and sex-chromosome-specific DNA-probes. We plan to use this FISH method
to determine if paternal exposure to chemical mutagens causes an increase in the
frequency of aneuploidy and micronuclei in embryos. The use of multiple
cytological and cytogenetic endpoints will provide important insights into the
mechanism of dominant lethality and male reproductive toxicity in mammals.

This work was done under the auspices of the U.S. DOE by the
Lawrence Livermore National Laboratory under contract #W-7405-ENG-48;
supported by NIEHS Y01-ES-10203-00 and NIEHS ES04705.
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USE OF LINKAGE STUDIES FOR EVALUATING REPRODUCTIVE AND
DEVELOPMENTAL EFFECTS OF ENVIRONMENTAL MUTAGENS

D.J. Tomkins1. L Dodds2, LD. Marrett3, G. Sherman4, A.B. Miller3 and L.M.
Green5

1McMaster University, Hamilton; 2Grace Maternity Hospital, Halifax; 3University of
Toronto; 4Health and Welfare Canada, Ottawa; 5Ontario Hydro, Toronto; Canada

Evidence in humans for an association between preconceptional radiation
and chemical exposure and abnormalities in the offspring is generally
inconclusive. Most studies of offspring of parents treated for cancer have not
found an association between cancer therapy and congenital anomalies, but the
power to detect moderate increases in risks has been limited. Few studies have
looked specifically at conditions that might be expected to result from germ cell
mutations, although many of the treatments are known to be mutagenic. This
paper will describe a novel approach involving linkage systems coupled with
examination of the genetic etiology of individual anomalies in two case-control
studies of reproductive and developmental effects of environmental mutagens.
Cases were defined as parents of children live born in Ontario who were recoraed
in the Canadian Congenital Anomalies Surveillance System database with one or
more congenital anomaly. Control parents were randomly selected from the
Ontario birth file, matched by year of birth of the child, birth order of the child,
exact maternal age, marital status of the mother and birthplace of each parent.
This set of 45,200 case mothers and 41,158 case fathers and their matched
controls became the study file for the linkage studies. The first study involved
linking the study file to the Ontario Cancer Registry (OCR) to identify parents who
had had cancer diagnosed before the index birth (Dodds et al. 1993.
Br.Med.J.307:164). Genetic etiology codes were assigned to all congenital
anomalies and syndromes among case-control pairs who linked to the OCR. The
relative risks (RR) of anomalies in the offspring with maternal or paternal exposure
were 1.04 and 0.9 respectively. The RR for single gene disorders was 2.0 for
mothers or fathers; for chromosomal disorders, 2.0 for mothers and 1.0 for
fathers. None of the RR were significantly different from unity. An advantage of
this approach is the power and, therefore, confidence in concluding there is no
difference in RR of congenital anomalies. However the sample size was still too
small to provide a conclusive result with respect to genetic etiology. The same
study file has been used for a linkage to the employment records at Ontario
Hydro (a government-owned power company) for the period 1973-1988 (32,975
males and 9,507 females). Employees exposed preconceptionally to ionizing
radiation were identified through a Radiation Dose Information System. The RR
of anomalies for mothers employed in nuclear environments was 1.75; for fathers,
0.85 (P=0.20 for both). Results of the two studies will be compared and the
usefulness of this approach discussed
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THE CREATION OF DATE BASE FOR GENOTOXIC EFFECTS IN FAMILIES
LIVING IN CITY'S CONDITIONS

E.V. Valtseva, I.N. Lunga, G.V. Smirnova

Center of Medical Genetics, Moscow, Russia

Genotoxic effects caused by different environmental factors of physical and
chemical nature have the most dangerous and durative consequences. The effect of
these factors can result in spontaneous abortions at the early terms, congenital
malformations in children, changes of physical condition in new-born.

The work was aimed at the study of breakage of reproduction function in
women as a result of complex effect of occupational ecotoxicants and environmental
factors. The families living in city conditions were taken as an example. The material
was collected in children polyclinics of some regions of Moscow according to specially
made questionnaires.

The data bank containing information collected upon eiaborated program of
studying genotoxic effects, allows to create computer program for prognosis of
reproduction losses in families.

These data are supposed to be used as visual computer program in medical
genetic consultations and city polyclinics in order to decrease cases of pathology and
invalidization of children population.
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THE PRENATAL TOXICITY STUDy OF THE COPPER COMPLEX

D.Zeljenkova and E.Szabova

Institute of Preventive and Clinical Medicine,

Bratislava, Slovak Republic

The present study has been carried out for the

purpose of examining the tolerance and influence of

Cu-complex in the pregnant mice.

In our effort to widen the spectrum of possibilities

in the treatment of rheumatoid diseases a complex of

the composition Cu(nif)z (ron)2 was prepared and

studied : nif= anion of the niflumic acid and ron =

rani col {. 3-pyridylcarbinol) , i . e . components that

have already been approved in practice in the

treatment of some forms oi rheumatoid arthritis.

A modified Murphy and Wollam method was employed to

obtain the results of embryotoxic and teratogenic

effect. To compare the effect of the already used

antirheumatic agent we administered Tauredon. There

were no significant changes in the number of foetu -

ses, implantations nor the weight of the foetuses

and placenta in the examined substances.

There were no malformations both in the control and

experimental groups. It can be ascertained that the

tested substance do not have, under given conditions

either embryotoxic or teratogenic effect on mice.
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X-RAY RADIATION AND HYDROGEN PEROXIDE INDUCED DNA DAMAGE IN FERTILE &
INFERTILE SPERM

C M HUGHES, S.E.M LEWIS,*V.J McKELVEY-MARTIN & PROFESSOR W THOMPSON
DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, THE QUEENS UNIVERSITY OF
BELFAST. *CANCER AND AGING RESEARCH GROUP, SCHOOL OF BIOMEDICAL
SCIENCES, THE UNIVERSITY OF ULSTER, COLERAINE, CO LONDONDERRY.

One of the biological consequences of damage to sperm DNA may be male
infertility. The aim of this study was to measure baseline and induced
DNA damage in human sperm using the single cell Gel Electrophoresis
(Comet) assay.

Sperm from normozoospermic (concentration > 20 x lO^ml, motility >
40%, normal morphology > 40%) fertile (n=15), infertile (n=20) and
asthenozoospermic (cone: > 20 x 10"ml, motility <40%), normal morphol-
ogy >40%) (n=ll) were prepared by a discontinuous Percoll gradient
to isolate motile morphologically normal sperm. The sperm were lysed,
electrophoresed, stained and viewed by epifluorescence microscopy and
image analysis. Sperm were resistant to lysis with the standard
solutions used for somatic cells, so Proteinase K (0.1 ug/ml) was added
Lu Llie lysis media. Undamaged cells appeared as intact: uuclei. Damaged
cells had tails whose fluorescence intensity is related to the number
of DNA strand breaks present. This is accompained by a reduction in
fluorescence intensity of the head DNA. Percentage head DNA was the
parameter used in this study to assess DNA damage.

Baseline damage in sperm DNA appeared to be similar in fertile and in-
fertile groups. Radiation (5-30 Gy) did not induce substantial DNA
damage in the fertile group. However the higher doses of radiation
(10 and 30 Gy) did cause damage to both infertile groups. Significant
DNA damage was induced by H2O2 to the fertile group only at 200- uM.
Again in contrast both infertile groups were damaged with lower
concentrations (100 & 200 uM) of H2O2. Asthenozoospermic samples had
less sperm whose DNA was very extenisvely damaged (head DNA <20%)
with higher concentrations of H2O2 than normozoospermic samples.

We conclude from this data that baseline DNA damage in sperm is
similar in samples from fertile and infertile men. However this data
suggests that fertile samples maybe slightly more resistant to X-ray
and H2O2 induced damage than infertile samples. Further studies are
in progress to confirm these results.
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DETECTION OF ANEUPLOIDY IN HUMAN SPERM BY FLUORESCENCE IN
SITU HYBRIDIZATION

J. Lahdetie. M. Ajosenpiia-Saari, J. Mykkiincn, A. Rcinikuincn and N. Saari
Department of Medical Genetics, University of Turku, Turku, Finland

Germ cell chromosome aberrations, either numerical or structural, may cause pregnancy
delay, spontaneous abortions, fetal and perinatal mortality or severe malformation
syndromes in newborns. Numerical chromosome errors may arise at maternal or paternal
meiotic divisions or at first cleavages of the zygote. Chromosome specific probes for
almost all human chromosomes are now available which makes it possible to study
chromosome aneuploidy in human male germ cells. To estimate whether environmental
mutagens can affect segregation of chromosomes in male mciosis the frequency and
variation of aneuploidy in sperm of normal uncxposed men has to be characterized fust.

We have studied the frequency of aneuploidy in human spermatozoa among semen
donors at the sperm bank in Turku (N=13) and among men of infertile couples (N=8)
having normal or nearly normal semen analysis results (WHO criteria). They did not
report reproductive tract disorders, drug treatments or occupational exposures and all
men were non-smokers. The mean age of normal donors was 38.2 y (range 23-49) and
that of infertile men 28.5 y (range 25-35). The method of Robbins et al. Am J Hum Gen
52, 1993, 799-807 modified for multiple probes according to Williams et al. Hum Mol
Gen 2 1993, 1929-1936 was used to make the preparations. The probe for the alpha
satellite of chromosome 7 was labelled with digoxigenin and detected with FITC. The
probe for the pericentromeric heterochromatin of chromosome 1 was labelled with biotin
and detected with rhodamine. The nuclear background stain was weak propidium iodide.
10000 spermatozoa were scored per individual by two scorers. Loss of a chromosome
i.e. nullisomy cannot be scored reliably but hyperploidy, i.e. disomy and diploidy in
sperm was analyzed.

The hybridization efficiencies were 99.4 % (normal donors) and 99.0 % (infertile
men). The mean frequency of chromosome 1 disomy was 10.0 ± 4.9 /10000 sperm
(normal donors) and 8.0 ± 3.7 /10000 sperm (infertile men). The mean frequency of
chromosome 7 disomy was 5.8 ± 4.1 /10000 sperm (normal donors) and 7.3 ± 4.1
/10000 sperm (infertile men). These differences are not statistically significant. The mean
frequency of diploid spermatozoa was 17.3 ± 17.8 /10000 sperm among infertile men
which is significantly higher than the frequency observed in the group of normal donors
11.5 ± 6.4 /10000. Two infertile men showed high values of diploid sperm. This finding
is in agreement with observations of individual variation in diploidy levels in other
studies.

An aneuploidogenic activity of benzimidazole fungicides has been shown in cultured
cells. Our future studies will focus on chromosome numbers in sperm of men
occupationally exposed to fungicides.
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Topic No. 6 (Advances in the detection of genetic damage in germ cells and
genetic risk estimation)

A NEW FISH METHOD FOR DETECTING SEGMENTAL
ANEUPLOIDY IN HUMAN SPERM

P. Van Huinincleii, X. Lowe, AJ^..J_,_J±_-
Biology and Biotcchnolojv, Research Pro; i am, Lawrence Livermore National
Laboratory, Livci more, CA

A new multi-color FISH method was developed to detect sperm carrying
segmental aneuploidy which are thought to arise from chromosomal breakage that
occured in meiotic or premeiotic stages of the spermatogenesis. The labeling
strategy was designed to detect sperm carrying terminal duplication or deletion of
the short arm of chromosome 1, using DNA probes for the alpha satellite
centromeric region (D1Z5) and for the near telomeric Ip36 locus (D1Z2). Normal
sperm are expected to carry one signal for each probe while sperm carrying
duplications of lp will be marked with two fluorescent domains of the Ip36
target and one for the alpha centromeric region.

A pilot survey was conducted of semen from six healthy men. At least 10,000
cells were evaluated for each donor. The frequency of sperm with telomeric
duplication of chromosome 1 ranged from 0.03 to 0.1 % with an average of 0.06
%, however, no statistical significant difference was found among donors. The
frequencies of aneuploid sperm (disomy plus diploidy) varied from 0.06 to 0.25
%, which compared well with published data obtained for healthy men using the
hamster-egg cytogenetic system and other FISH assays for detecting aneuploidy
in sperm.

These initial results illustrate the promise of this new FISH method for
detecting both numerical and segmental aneuploidy. Studies are in progress to
optimize the method, characterize donor variability, and apply this method to
sperm of men suspected to have increased frequencies of sperm carrying
segmental aneuploidy.

[Work was performed under the auspices of the U.S. DOE by the Lawrence
Livermore National Laboratory under contract W-7405-ENG-48; P.V.H. was
sponsored by NATO-Belgium]
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POTENTIAL ONCOGENIC HUMAN RISK OF COMPLEX PESTICIDES
WHICH WIDELY USED IN UKRAINE

N. Nedopitanskaya, E. Bagley and N. Kornuta
National Institute of Health, Kiev, Ukraine

Analysis of epidemiology data has demonstrated the increase of cancer caused in the
people who work in the agricultural field. The need for increased agricultural
productivity has led to pesticide residues in environment and foodstuffs. It makes the
pioblem of carcinogenic danger of complex of pesticides which most widely used
and may real penetrate into the human organism with food.

There are about 600 chemicals which are used in agriculture in Ukraine. Some from
them have the potential oncogenic activity according to IARC.

The action of complex pesticides, which are widely used in Ukraine, nave been
studied on the level of residues that contaminate foodstuffs.

The experimental assessment of the possible oncogenicity of decis, polycarbacin and
2,4D were earned out by means of alcaline edition DNA method and NDEA-partial
hepatectomy model for each separate pesticide, and than complex pesticides as
well. The carcinogenic activity of 2,4D, which is considered to be a questionable
pesticide, was tested by means of a traditional chronic experiment also.
The obtained results show that the complex residues decis, polycarbacin and 2,4D in
food do not induce oncogenic effects in laboratory animals.
Therefore the most widely used complex pesticides which may penetrate the human
organism on the level of MRC, non are potential carcinogenic human risk.
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TRANSGENERATIONAL EFFECTS OF MAN-MADE ENVIRONMENTAL
TOXIC AGENTS

T. Nomura, H. Nakajima, M. Inouc*, Y. Ishii and K. Suto

Faculty of Medicine, Osaka University, Osaka and Kanazawa Medical College*,
Kana/awa, Japan

Parental exposure to radiation and chemical mutagens induced embryonic deaths,
malformations and various tumors in the F, offspring of mice as well as ordinary
mutations. As for embryonic deaths (dominant lcthals) and malformations, the
increase has been confirmed by several investigators, and these defects arc
predominantly induced in mice and rats by the treatment of germ cells at the
postmciotic stages except for agents like cthylnitrosourca which induces more
mutations and malformations by the treatment at spcrmatogonial slagc. Several animal
experiments have also suggested the increase of various types of tumors in the F,
offspring after parental exposure to radiation and chemicals, but most of them arc
commonly observed types tumors in that strain of animals.

However, the increase of these defects has not been proven in the children of
atomic bomb survivors at Hiroshima and Nagasaki, although some cpidcmiological
studies reported (but have not yet proven) the increase of abortion, malformation and
cancer in the children of fathers who had been exposed to radiation and chemicals.
Furthermore, both induced and spontaneous incidences of tumors in experimental
animals arc much higher than those of ordinary mouse mutations. Many gene lo, i
which maintain normal immunological, biochemical and physiological conditions
might be involved, and damages in such genes may elevate tumor or malformation
incidences, or epigenetic changes may be involved. Such unknown mechanism is
predominant in some chemical agents, e.g., dioxins. Only 4 fa of 2, 3, 7, 8-
tetrachIorodibcnzo-/?-dioxin (TCDD) was detected in the testis, compared with liver,
after intrapcritoncal injection to mice, and unscheduled DNA synthesis was negligible
in the sperm, while a little were observed in spermatogonia spcrmalocytcs and early
spermatid after direct injection of TCDD into the testis. However, TCDD specifically
killed Scrtoli's cells, nursing or supporting cells of male germ cells, and consequent
deaths of the sperm occurred. Although direct action of TCDD to the sperm DNA
seems little superficially, TCDD treated human sperm showed significant difficulty to
inseminate hamster eggs, indicating some functional damages, i.e., loss of fertility by
TCDD. Since higher incidence of congenital malformations has been reported in the
children of fathers (soldiers) who fightcd and exposed to herbicides in the South
Vietnam, further mouse studies are being carried out for congenital malformations and
germ-line mutations at hypcrvaliablc sites after preconceptional exposure to TCDD.
(Supported by Japanese Ministry of Education, Science and Culture)
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CONFIRMATION OF DIPLOID SPERM IN HUMAN SEMEN
USING MULTI-PROBE FLUORESCENCE IN SITU
HYBRIDIZATION AND PHASE CONTRAST MICROSCOPY

J. Rubes 1.2. M. Casscl2, X. Lowe2 and A.J. Wyrobek2

'Veterinary Research Institute, Brno, Czech Republic, ^Biology and
Biotechnology Research Program, Lawrence Livermore National Laboratory,
Livermore, CA

Diploid sperm have been implicated in the origin of some hydatiform moles and
their frequencies in semen may be associated with reduced fertility. Multi-color
simultaneous Florescence in situ hybridization with chromosome-specific DNA
probes allows rapid screening of sperm with various aneuploidy and polyploidy
genotypes. Hyperploidy was distinguished from diploidy using hybridization
with probes specific for chromosomes X, Y, and 8 and using a triple-band
pass filter. The XY88 phenotype may represent either a somatic cell in semen or
a diploid sperm which was further distinguished by inspection for sperm tails
using phase contrast microscopy.

For semen samples of 13 healthy men we characterized 486 XY88, 52 XX88
and 42 YY88 cells for the presence of tails. The length and width of 52 XY88,
19 XX88 and 13 YY88 sperm were measured. Dimensions of 5 neighboring
normal sperm were used for reference.

Tails were detected in 87% of normal haploid sperm and in 77% of diploid cells
(p=0.001). The average area of diploid sperm was -2.2 times larger then
normal haploid sperms (48.3±11.6 vs. 21.6+8.4 |im2). XX88 and YY88
sperm were similar in size to diploid sperm (45.5±12.8 ^

Our work provides direct evidence that the most of diploid cells in semen found
by FISH are diploid sperm rather than somatic cells. Seven of our donors had
between 0.5 and 1 % diploid sperm and the other six had fewer. Assuming an
average sperm concentration of 5Oxl()6/ml these donors had up to 5 x 10^
diploid sperm per ml of semen. Further studies are needed to determine whether
diploid sperm have significant impact on reproductive outcome and to determine
whether certain chemical exposures or physiological conditions produce more
diploid sperm or somatic cells in semen.

[Work was performed under the auspices of the U.S. DOE by the Lawrence Livermore
National Laboratory under contract W-7405-ENG-48 with support from U.S. EPA IA DW8
9936920-01-0, Tobacco-Related Disease Research Program 3RT-0223 and Czech Ministry of
Environment.]
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SPERM ANEUPLOIDY IN SMOKERS AND NONSMOKERS LIVING
IN THE TEPLICE DISTRICT OF THE CZECH REPUBLIC

J. Rubes 1,2. X. Lowe2, M. Cassel2, D. Moore2, S. Perreault3, V. Slott4, D.
Evensong Z. Zudova^, L. Borkovcc', S. Selevan? and A.J. Wyrobek2

'Veterinary Research Institute, Brno, Czech Republic, -Lawrence Livermore
National Laboratory, CA, 3U.S. EPA, Research Triangle Park, NC, 4University of
North Carolina, Chapel Hill, NC, 5South Dakota State University, Brook'ngs, SD,
6Institute of Hygiene, Brno, Czech Republic,7U.S. EPA, Washington, DC.

Tobacco smoking has been shown to have detrimental effects on sperm density,
motility, and structure but little was know about genetic defects in sperm. Semen
samples were obtained from fifteen heavy smokers (more than 20 cigarettes per day)
and 15 nonsmokers who lived in the heavily industrialized Teplice district in the
Czech Republic. Smokers had significantly elevated cotinine levels in their urine and
consumed more alcohol and caffeine than did nonsmokers.

Three-chromosome simultaneous fluorescence in situ hybridization (FISH) was used
to characterize the aneuploidy and diploidy levels in sperm of smokers and non-
smokers. The smokers had higher frequencies than nonsmokers for all classes of
aneuploidy. Significant differences were found for YY8 (p=0.003), 88(XorY)
(p=0.04) and total hyperhaploid frequencies (p=0.02). The two groups of men did
not differ in their frequencies of XY8, XX8 or diploid sperm. When compared to a
group of nonsmokers from California, the nonsmokers from the Teplice district had
higher frequencies of XX8, XY8, and XY88 aneuploidy.

Other measurements of semen quality included standard semen analysis, computer-
aided sperm analysis (CASA), and a sperm chromatin structure assay (SCSA).
The smokers and the nonsmokers did not differ significantly in any of these
parameters except for percent of sperm with a round head which was elevated in
smokers (4.0+0.6 vs. 2.4±0.2 p=0.01).

Our results indicate that tobacco consumption is associated with an increase in the
production of certain classes of aneuploidy sperm in men who show few other semen
changes. Further studies are needed to determine whether tobacco products or
associated lifestyle factor(s) are responsible for these effects.

[Work was performed under the auspices of the U.S. DOE by the Lawrence Livcrmore National
Laboratory under contract W-7405-ENG-48 with support from U.S. EPA IA DW8 9936920-01-0,
Tobacco-Related Disease Research Program 3RT-0223 and Czech Ministry of Environment.]
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PRIMORDIAL GERM CELLS ARE SENSITIVE TO CHEMICAL MUTAGENS

T. Shibuya. T. Kashima*, A. Koizumi* and N. Horiya

Hatano Research Institute, Food and Drug Safety Center, Hadano, Kanagawa 257

and *Azabu University, Sagamihara, Kanagawa 227 Japan

Primordial germ cells (PGC) are the ancestors of both male and female gametes. The

development of PGC in mouse and human embryos is very similar. Therefore, studying

the effect of various chemical mutagens on mouse PGC is important for the evaluation of

their genetic effects in humans.

A specific locus test (SLT) was carried out to examine whether N-ethyl-TV-nitrosourea

(ENU) induces recessive mutations in mouse PGC. Embryonic C3H/He mice were

treated transplacentally with ENU on development day 8.5, 10.5 or 13.5. The males

were mated with tester strain PW ( a/a, b/b, cch p/cch p and d se/d se). ENU induced

recessive mutations at a relatively high rate and in a dose-dependent manner at all three

developmental stages. The most sensitive stage was development day 10.5. Cluster

mutations were more frequently induced in earlier developmental stage. The induced

mutation rate per unit dose of ENU (1 mg/kg) was higher for PGC than for

spermatogonial stem cells.

The induced mutant frequency in testis of male mice transplacentally treated with ENU

was also tested using the MutaMouse positive selection system. Although the mutant

frequency was about 1/3 to 1/5 of that obtained in the SLT, the same stage-specificity

and dose-dependency was observed.

Carter (1958; X-ray, 13.5 day PGC ) and Searle and Phillips (1971; neutrons, 6.5 to

12.5 day PGC) already reported in the mouse that irradiation induced a lower mutation

rate in PGC than in spermatogonial stem cells. It is necessary to investigate the

induction of mutations in mouse PGC by various chemical and physical mutagens using

a convenient test system such as the transgenic mouse. These results might predict the

genetic effects of various chemical .nutagens on human PGC. (This study was supported

by a grant from the Ministry of Health and Welfare, Japan.)
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GENETIC RISK ASSESSMENT OF 1,3-BUTADIENE AND DIEPOXYBUTANE:
DETECTION OF DNA DAMAGE INDUCED IN MALE MOUSE GERM CELLS BY
THE ANALYSIS OF CHROMOSOMAL ABERRATIONS IN ONE-CELL ZYGOTES

Cecilia Tiveron. Bruno Bassani and Francesca Pacchierotti
Division of Environmental Toxicology, ENEA, CR Casaccia, C.P. 2400, 00100 Rome,
Italy

1,3-Butadiene (BD) is an industrial chemical which has environmental relevance because
of its wide exposure. In order to assess the genetic risk associated to BD exposure, the
effects of this chemical and its major metabolites are being studied in male mouse germ
cells.
The analysis of chromosomal aberrations in metaptiases of one-cell zygotes is a sensitive
assay to detect transmissable genetic damage induced in post-meiotic male germ cells.
Part of the DNA lesions, processed by the oocyte enzymatic repair system, leads to
chromosomal damage detectable as stable and unstable structural aberrations at the
metaphase of one-cell zygotes.

(102 x C3H)F1 male mice were exposed to BD 0, 130 or 1300 ppm for 5 consecutive
days, 6 h per day at the GSF Institute, Neuherberg, Germany. Matings were performed
at ENEA with untreated B6C3F1 females during the three weeks following the end of
exposure to estimate the BD effect on different post-meiotic stages. Three aberrant
zygotes out of 249 analyzed metaphases were detected in the control group. The
cytogenetic scoring in BD-exposed groups is not yet completed. So far, the percentages
of zygotes with aberrations are: 4.1 (7/171) and 11.6 (11/95) for 130- and 1300 ppm-
exposed spermatozoa; 1.5 (3/196) and 6.3 (8/127) for late spermatids exposed to the low
or high dose respectively; 4.8 (7/146) and 2.6 (4/154) for BD-treated early spermatids.
The increase over the control value is statistically significant for 1300 ppm-exposed
spermatozoa (P < 0.001) and late spermatids (P < 0.025). No evidence of cytotoxic
damage to male germ cells was obtained.

Diepoxybutane (DEB), suspected of being one of the BD reactive metabolites, was tested
by i.p. injection in a comparable experimental design. Statistically significant effects were
only observed after exposure of spermatozoa, with a maximum of 15 % aberrant
zygotes. DEB was tested up to toxic dose levels as demonstrated by the significant
increase of unfertilized oocytes.

Treatment with the direct mutagen DEB yielded slightly higher effects than inhalation of
the parent compound, which however seemed to affect a larger spectrum of post-meiotic
stages.

The studies were partially supported by CEC Contracts No STEP-CT91-0144 and
EV5V-CT94-0543.
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NEW APPROACH IN DETECTION OF GENETIC DAMAGE RESULTING
FROM VACCINATIONS

G.M.Volgarcva.(*) and Yu.A.Revazova(**)
* Centre of Bioengineering, Russian Academy of Sciences;
** Research Institute for Preventive Toxicology, State Committee for Sanitary
Epidemiological Surveillance; Moscow, Russia

It is not a common practice in Russia to test for genotoxicity immunostimulating
preparations produced from viruses and bacteria. Among unbeneficial side-effects of
vaccines being given to humans for decades the phenomena are not registered which
might be due to the hypothetical mutagenicity of these preparations (such as still-
births, reproductive and developmental effects, malignant tumor origination, etc.).
Among the reasons proving the urgency of experimental genotoxicity investigation of
vaccinal preparations are: obligatory character of some preventive vaccinations
embracing large human groups (mostly children); established mutagenicity of several
biological and chemical components of these preparations (such as nucleic acids,
formaldehyde, hydroxylamine); complex origin of all the vaccines while the degree of
their biochemical characterization leaves much to be desired. Inactivated bacterial
vaccines remain to be the least studied group among vaccines from the point of view
of their possible mutagenicity. We studied genotoxic properties of eight inactivated
bacterial immunostimuiating preparations originating from Boideleiia pciiussis,
Proteus vulgaris, Klebsiella pneumoniae, Staphylococcus aureus, Escherichia coli,
Neisseriae meningitidis and Streptococcus species. Two chemical contaminants of
these preparations, hydroxylamine hydrochloride and thimerosal, were tested as well.
Besides conventional tests of ding mutagenesis such as registration of gene mutations
in Salmonella typhimurium (TA 97, TA 98 and TA 100 strains) and chromosome
aberrations scoring in bone marrow .cells of mice we carried out analysis of
cytogenetic abnormalities in pachytene spermatocytes of C57BL/6J mice by means of
light and electronic microscopy of synaptonemal complexes (SCs). Antitumor drug
cyclophosphamide (CP) was simultaneously tested in all the in vivo experiments. It
was only electronic microscopy of SCs that enabled us to detect a statistically
significant (10-fold) effect of the vaccine from Klebsiella at a dose recommended per
course of treatment of a maiv. SC-damaging activity of CP was registered both under
light and electronic microscopes. Thus SC-test may be recommended as a method of
option in the course of genotoxicity control of immunostimulating preparations.
The study is supported by the Federal State Program "Ecological Safety of Russia",
contract 165-93.
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CHEMICALLY-INDUCED DNA SINGLE STRAND BREAKS AND THEIR REPAIR
IN SPERMATOGENIC CELLS

R. Wiger, C. Bjorge, J.A. Holme, G. Brunborg, T. Scholz, E. Dybing and E.J. Sflderlund
National Institute of Public Health, Oslo, Norway

Recent reports have indicated that mean sperm counts of men in industrial societies have
declined by 40-50% during the last 50 years. Since the human male is of relatively low
fertility compared to other mammalian species, a reduction in sperm count may pose a
hazard to male fertility. It is not known to what extent these effects on sperm quality are
due to genetic, epigenetic or non-genetic causes. However, it is well known that
exposure to DNA damaging agents, such as cytostatic drugs, may reduce sperm counts
and lead to infertility.
In the present study we exposed suspensions of testicular cells from rats and human
organ donors to the following agents to study the induction of DNA single strand breaks
(ssDNA): l,2-dibromo-3-chloropropane (DBCP), 4-nitroquinoline N-oxide (4-NQO),
styrene oxide (SO), and X-rays. Both 4-NQO (0.5-5 u.M) and X-rays (1-10 Gy) induced
ssDNA breaks to a similar extent in both human and rat testicular cells, as measured by
single cell gel eleclrophorcsis (SCGE) and alkaline filter clution. In contrast, DBCP (3-
300 uM) caused only minor DNA damage in human testicular cells, whereas in rats
there was a clear concentration-dependent increase in ssDNA breaks. According to the
rate of covalent macromolecular binding observed in human cells, one would have
expected a significant degree of DBCP-induced ssDNA breaks in the human testicular
cells. The low level of DBCP-induced ssDNA breaks in human testicular cells could
indicate that the DBCP metabolites involved in binding to cellular macromoleculcs are
different than those causing DNA damage, or that there are differences in DNA repair
in human and rat testicular cells.
Repair of ssDNA breaks induced by DBCP, 4-NQO or styrene oxide (SO) in male rat
germ cells in coculture with rat Sertoli cells was assessed by SCGE. Fifty percent of the
initial DNA damage was repaired after 1-2, 1 and 6 hr, respectively, following exposure
to DBCP (100 uM), 4-NQO (2.5 uM), and SO (300 uM). Preliminary data using human
germ cells indicate that the rate of DNA repair following exposure to 4-NQO was
similar to that found in rat germ cells. In conclusion, isolated rat and human germ cells
either alone or cocultured with rat Sertoli cells, combined with SCGE provides an
important tool to study species variations in chemical-induced DNA damage and repair.
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THE ALKALINE COMET ASSAY, A PROMISSING TEST FOR THE PRENATAL
DIAGNOSIS OF XERODERMA PIGMENTOSUM

C. Alapetite. T. Wachter, A. Sarasin* and E. Moustacchi
Institut Curie, Section de Recherche, Paris, France and *IRSC, Villejuif, France

Xerodenna pigmentosuni (XP) is a rare autosomal recessive genetic disease
characterized by hypersensitivity to UV radiation, frequent neurological changes and a
high frequency of multiple skin cancers in the sun exposed areas (basal cell carcinomas,
squamous cell carcinoma, malignant melanoma). Cultured skin fibroblasls are unusually
sensitive to UVC and defective in the early steps of excision repair, leaving unrepaired
DNA bipyrimidine adducts. The severity of the disease and the lack of an efficient
treatment raise the interest of prenatal diagnosis. This is usually questioned in the
families at risk by the unscheduled DNA synthesis test on trophoblasts or amniotic cells
and compares the levels of DNA synthesis in those foetal cells to fibroblasts of the
parents and of the affected child among siblings. This test which needs culture of the
cells, [T4]-thymidine incubation of the UV irradiated fibroblasts and subsequent
autoradiography, requires 3 to 4 weeks. Shortening of this delay would be particularly
important for earlier decision. We applied the alkaline comet assay (Singh et al., 1988)
to amniotic cells of a foetus in comparison to fibroblasts of his mother and of his
affected brother UDS had already been performed in this family (Sarasin et al.,
unpublished results) and very few foetal cells were available. The comet assay is rapid
(24 h), simple and requires very few cells.
After (JVC treatment, DNA strand breaks appear after incubation depending of the
capacity of the cells to process the DNA bipyrimidine adducts from incision to ligation.
Using this assay, excision repair proficient (normal) and deficient (XP), unstimulated
lymphoblasts are distinguishable (Green et al., 1992). This observation has been
confirmed by us for normal and XP fibroblastic cell lines (Alapetite et al., submitted).
Immediately alter UVC exposure (254 nm) as well as 45 min after post-treatment
incubation, the foetal cells lead to the same histograms distribution (reflecting the comet
moment, i.e. frequency of strand breaks) as the cells from the mother. In contrast, the
XP brother did not demonstrate 45 min after treatment the "comets" images seen for
incision proficient cells. This comparison clearly indicated an active incision repair
process in the amniotic cells and was in agreement with the UDS results.
These results are in favor of a possible use of the alkaline "comet assay" for the prenatal
diagnosis of xeroderma pigmentosum.
Singh et al. (1988) Exp. Cell Res., 175, 184-191.
Green et al. (1992) Mutalion lies., 273, 137-144.
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THE EFFECTS IN THE COMET ASSAY OF STORAGE CONDITIONS ON
HUMAN BLOOD

D. Anderson' and Tian-Wei Yu1, Gloria Ribas2 and Ricardo Marcos2; 'BIBRA
International, Woodmansterne Road, Carshalton, Surrey SM5 4DS,
department do Genetica i de Microbiologia, Unitat do Genetica, Universitat
Autonoma de Barcelona, Edifici C, 08193 Bellaterra, Barcelona, Spain

The Comet assay is a rapid and sensitive method for analysing single cells for
DNA damage. It is particularly useful for human monitoring studies, e.g.
Betti et al. (1994, Mutat. Res. 307, 323) and Anderson et al. (1994, Mutat. Res.
307, 261) have shown differences in smoking and non-smoking populations
using this assay. In such studies, it is not always possible to collect and
process matched samples on the same day as the blood is taken. It would be
useful if some samples could be stored and examined at a different time,
without loss of viability or other factors affecting responses. It is thus
important to understand the effects of storage conditions on blood to be used
in human monitoring studies and how exposure or treatment might modify
such responses. In a joint preliminary study, blood was taken from various
donors and stored under different conditions. It was examined on days 1, 2,
3 or 4 at room temperature, 4°C or -20°C. Cells were treated after storage
with e.g. bleomycin, EMS and ENU. Methods used have been previously
described (Anderson et al. 1994, Mutat. Res. 307, 261). The data were
analysed either by eye or using a computerised image analysis system
(Kinetic Imaging, Liverpool Ltd - Software Package: Comet 3.0). The tail
length or tail moment which is considered to be the most sensitive
measurement has been analysed and as a comparison, so has the percentage
of DNA. There was no loss of cell viability at 4°C or room temperature at
4 days when measured by trypan blue dye exclusion. Preliminary findings
suggest that on days 1-4 for the untreated samples at room temperature or
4°C there were no biologically meaningful changes both in the tail moment
or head DNA data. However, by day 2 at -20°C there was a marked adverse
effect. Red blood cells haemolysed and there was an increase in damage. In
treated cultures up to day 4, either at room temperature or at 4°C, responses
were only minimally affected and considered not to be of biological
signifiance. However there was slightly less variability between samples st
4°C than at room temperature. This would suggest that samples can be
stored up to day 4 at 4°C without any untoward effects. Results confirm
findings for other end points for measuring genetic damage but following only
up to 24 h storage (Tomkins and Scheid, 1986, Am. J. Ind. Med. 9, 385).
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MEASUREMENT OF DNA REPAIR PROCESSES IN NORMAL
AND MALIGNANT HUMAN LYMPHOCYTES. ANALYSIS AT THE
SINGLE CELL LEVEL

C. Buschfort, J. Thomale, M.R. Muller*. S. Seeber*, and M.F. Rajewsky, Institute
of Cell Biology and Department of Internal Medicine (*), West German Cancer
Center, University of Essen Medical School, 45122 Essen, Germany.

Resistance of cancer cells to the cytotoxic effect of anti-cancer drugs
represents one of the main handicaps in clinical oncology. To elucidate
whether efficient repair of drug-induced cytotoxic lesions in genomic DNA
may contribute to a drug-resistant phenotype it is necessary to measure
DNA repair processes in small samples of primary tumor cells. We have
applied two sensitive analytical assays to visualize and quantitate damage
in the nuclear DNA of single cells: the Immuno Cytological Assay (ICA)
using adduct-specific monoclonal antibodies and the "Comet Assay"
monitoring abasic sites and DNA strand breaks. Both assays have been
used in parallel to measure DNA repair kinetics in isolated normal and
leukemic white blood cells after in vitro pulse exposure (20min) to the
direct acting, monofunctional alkylating agent N-ethyl-N-nitrosourea
(EtNU).

Comet analysis of individual samples of normal and leukemic lymphocytes
revealed high inter-individual variations with respect to

• EtNU-dose response curves
• extend and persistance of comets after equimolare EtNU doses
• shape and time course of comet kinetics
• influence of compounds interfering with distinct steps of repair

pathways.

We conclude from these observations that (in this experimental setting)
comet occurence is predominantly related to early steps of various DNA
repair pathways. Measurement of DNA repair capacities based on adduct
elimination and processing of secondary lesions in leukemic lymphocytes
revealed a wide range of interindividual repair phenotypes. These data will
be correlated to in vitro cytotoxicity profiles and to the clinical response to
chemotherapy.
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COMPARISON BETWEEN DNA DAMAGE INVESTIGATED BY THE "COMET" AS-
SAY" AND CHROMOSOMAL DAMAGE INDUCED IN HUMAN LYMPHOCYTES BY
RADIATION AND CHEMICALS.

A.Cebulska-Wasilewska W.Niedzwiedz, D.Nowak
Environmental and Radiation Biology Department, INP, Radzikowskiego 152, 31-342
Krakow, POLAND

The single cell gel electrophoresis (SCGE) assay, also known as the "Comet Assay",
is a rapid and very accurate technique for measuring and analyzing DNA breakage in the
cell after treatment by various mutagenic agents. Cells can be used for the analysis of
the DNA damage equally isolated from peripheral blood as well as cells from monolayer
cultures or tissue. In our studies we applied Comet assay, with procedure we have learned
in BIBRA, UK, to study DNA damage induced by chemicals and radiation in lymphocytes
from human blood. The essential parameter which was used to asses the DNA damage,
was the tail length that reflects the amount of DNA migration proportionally to the num-
ber of strand breaks per cell. Our results showed significant increases of DNA damage in
lymphocytes treated with both agents. Total percent of damaged cells after the treatment
with hydrogen peroxide depends linearly on the concentration of H202 in the concentra-
tions range lOuM - 80 uM. Percentage of the cells with a high degree of DNA damage
shows linear-quadratic concentration effect dependence. The data from X-rays irradiated
lymphocytes presents linear-quadratic dose response relationship for the cells with DNA
damage over a dose of 0 to 0.4 Gy, and saturation of damage above it. Percentage of the
cells with a high degree of DNA damage shows linear-quadratic dose dependence in the
whole X-rays dose range under the study. Comparison between DNA damage investigated
by the "COMET" assay and chromosomal damage induced in human lymphocytes by ra-
diation is also presented and discussed.
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THE COMET ASSAY MODIFIED TO DETECT DNA BASE
OXIDIDATION, AND REPAIR OF DNA DAMAGE IN CELLULAR AND
SUBCELLULAR SYSTEMS

Maria Dusinska. Andrew Collins, Susan Duthie, Ma Ai-guo and Iona Fleming

Rowett Research Institute, Aberdeen, Scotland (AC, SD, MA, II7); Institute of
Preventive and Clinical Medicine, Bratislava, Slovakia (MD).

In its usual form, single cell gel electrophoresis (SCGE; the comet assay) is a
sensitive method for detecting DNA strand breaks. For other kinds of lesion, a
modified assay is needed. We have adapted the assay for the detection of base
oxidation. After lysis of cells in agarose on a microscope slide, the DNA is
digested //; situ with endonuclease III or formamidopyrimidine glycosylase to reveal
oxidised pyrimidines and oxidised purines, respectively, as DNA breaks which
then produce comet tails on electrophoresis. The modified assay has been used to
measure endogenous oxidative damage in a human antioxidant supplementation
trial.

Repair of both these classes of lesion, as well as strand breaks, can be followed by
incubating cells at 37° after treatment with H,O2, and taking samples at intervals
for SCGE. In HeLa cells, strand breaks are repaired within 1 hour; oxidised bases
are more persistent, but significant repair is seen within 2 hours. Lymphocytes
show incomplete repair of strand breaks, and no detectable removal of oxidised
bases even after several hours. It is possible that these lL.ig-lasting strand breaks
are in fact imei'mediates in the repair of oxidised bases, held open because repair
DNA synthesis in lymphocytes is particularly slow. This possibility is supported by
the observation that incubation of H,O,-treated lymphocytes with
deoxyribonucleosides decreases the level of strand breakage.

We have also developed an in vitro repair assay based on SCGE. Agarose-
embedded DNA from cells damaged with either H2O, or UV provides the template
for the repair enzymes present in a simple whole celTextract. Incision occurs, in
the presence of ATP, and the increase in comet tail intensity is related to the dose
of damage. Resynthesis is stimulated by the subsequent provision of
deoxyribonucleoside triphosphates; this results in restoration of intact DNA and
comets without tails. Thus repair can be dissected into the two phases of
degradation and resynthesis.



Comet - 6

THE COMET ASSAY: BEHAVIOUR OF DNA UNDER DIFFERENT
ELECTROPHORESIS CONDITIONS

Stefan Eriksson. Maria Klaude and Jonas Nygrcn
Department of Radiobiology, Stockholm University.

In order to better understand the mechanisms behind the technique, a set of
experiments were performed where the influence of pH and ionic strength on the
outcome of the comet assay was investigated. Normal human fibroblasts that had
been damaged by gamma rays were used.

It has been assumed that the comet tails consist of relaxed DNA loops, still
attached to a matrix in the comet head. This seems to be true for comets after
neutral electrophoresis conditions. After alkaline conditions, however, the comet
tails seem to consist mainly of DNA fragments which are not attached to the
heads.

The differences between neutral and alkaline conditions are revealed when the
first electrophoresis run is followed by new runs at right angles from the
preceding one. Neutral comets have a solid tail which grows thinner at its end and
the DNA in the tail is not reoriented when the electric field is rotated 90°. After
alkaline electrophoresis conditions, the comet tails appear more dispersed, are
distinctly separated from the heads and the entire tail moves in the direction of a
changed electric field.

The ionic strength of the alkaline electrophoresis buffer influences the distance by
which DNA will migrate. Strong alkali (0.3 M NaOH) leads to condensed tails,
whereas weaker alkali (0.03 M) results in more extended tails, clearly
distinguishable from the comet heads. If sodium chloride is added to the weaker
alkali to a final sodium concentration of 0.3 M, the comets resemble those run in
0.3 M NaOH.
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USE OF THE COMET ASSAY TO STUDY ENDOGENOUS MUTAGENS AND
ANTIOXIDANTS

Michael H.L. Green'. Carol A. Delaney2, Irene C. Green2, Jillian E. Lowe1, Jane
Cole1 and Collin F. Arlett1

1 MCR Cell Mutation Unit and 2 Biochemistry Laboratory, University of Sussex,
Brighton, BN1 9RR, England

The comet assay has useful role in determining which endogenous mutagens are likely
to. cause significant genotoxicity in vivo, and which antioxidants are likely to offer
protection. In one project, we are studying the role of nitric oxide and its interactions
with reactive oxygen species during killing of pancreatic /3-cells in autoimmune
(insulin-dependent) diabetes. We have compared the effect of three nitric oxide donors
on an insulin-secreting cell line. 3-morpholinosydnonimine (SIN-1) releases H2O2 and
superoxide anion concomitantly with nitric oxide and may be a useful compound to
model radical attack in the cytotoxic immune response. Nitric oxide and superoxidc
react to form peroxinitrite which is widely believed to play a major role in
cytotoxicity. S-nitrosoglutathione (GSNO) and Roussin's Black salt (RBS) should
release nitric oxide but not reactive oxygen species. Removal of superoxide by
superoxid dismutase (SOD) should reduce peroxynitrite formation and would expected
to reduce toxicity. In fact SOD did not protect HIT-T15 cells against SIN-1 or any
of the donors. The failure to observe an effect of SOD was not because the enzyme
was inactive, since it increased the ratio of nitrate to formed in the medium from SIN-
1. Removal of H2O2 by catalase should protect against hydroxyl radical formation
via a Fenton reaction. Catalase protect against SIN-1 for each of the endpoints,
suggesting that H2O2 was the main damaging agents, but did not affect response to
GSNO or RBS, which must damage cells by a different mechanism. If SIN-1 is useful
compound for modelling radical attack in the cytotoxic immune response, then its
effect in this study appear to be mediated via formation of H2O2 rather than
peroxynitrite. In a second project, we have observed that freshly isolated blood cells
from individuals who have recently consumed vitamin C show increased resistance
to ionising-radiation-induced strand breakage, a result which may be relevant to the
optimalisation of radiotherapy.
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THE SINGLE CELL GEL TEST (SCG-TEST OR COMET ASSAY)
AS AN INDICATOR OF DNA REPAIR

Andreas Hartmann and Giinter Speit
Universitat Ulm, Abteilung Medizinischc Genetik, D-89069 Ulm

The single cell gel test (SCG-test or comet assay) is a simple, rapid and sensitive
genotoxicity test for measuring DNA breakage in individual cells. The test has
widespread potential applications in genetic toxicology due to its ability to evaluate
genotoxic effects in proliferating and non-proliferating cells, to detect intercellular
differences and its requirement for very small cell samples. Using the alkaline
version of the comet assay, various DNA breaks as well as alkali-labile sites are
revealed. Increased migration of the DNA from the nucleus towards the anode is
observed in cells with increased damage. Besides induced DNA damage, strand
breaks occurring during excision repair of UV-induced photolesions have been
shown to cause DNA migration in the comet assay.
We have tested the effects of chemical mutagens in the in vitro alkaline comet
assay with the human fibroblast cell line MRC5CV1. To explore the contribution
of DNA repair to the observed effects, we performed experiments in the absence
and presence of aphidicolin, an inhibitor of excision repair. Furthermore, we
conducted comparative investigations with an excision-deficient Xeroderma
pigmentosum cell line (XP12R0VA). At first we could show that the XP cell line
is hypersensitive to UV-irradiation, 4-nitroquinoline-oxide (4NQ0),
benzo(a)pyrene (BaP) and dimethylbenzanthracene (DMBA). Treatment of MRC5
cells with UV or the chemical mutagens caused DNA-effects in the comet assay
which were strongly enhanced in the presence of aphidicolin. In contrast, neither in
the absence nor in the presence of aphidicolin, a clear increase in DNA migration
was found in XP cells . Our results indicate that DNA effects seen in the comet
assay after treatment with BaP and DMBA might represent the activity of an error
free DNA repair process. The relationship between effects in the comet assay and
mutagenesis will be discussed.
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UVA INDUCED DNA DAMAGE IN CULTURED HUMAN MELANOCYTES AND
KERATINOCYTES MEASURED BY THE COMET ASSAY

Christian Kipp1. Kay Aldridge 2, Harshad A Navsaria2, Jenny Grady2, Irene M Leigh2

and Antony R Young
'Photobiology Department, St John's Institute of Dermatology, St. Thomas' Hospital,
Lambeth Palace Road, London SE1 7EH, UK
2Joint Academic Department of Dermatology, The London Hospital Medical College
and The Medical College of St Bartholomew's Hospital, 56 Ashfield Road, London El
2BL, UK

We have used the comet assay (alkaline conditions, modified from Green et al 1992) to
study UVA-induced DNA damage in cultured human melanocytes and keratinocytes in
vitro. For irradiation two different UVA sources were used: a monochromator with
output at 340nm ('/2 bandwidth 15nm), and a broad-band UVA source, UVASUN2000,
with output solely in the 340-400nm range. For monochromatic UVA irradiations, cells
were irradiated with doses ranging from 0-5J/cm2 in multi-well plates as a single cell
suspension in PBS in the presence of DNA repair inhibitors Cytosine B-D-
Arabinofuranoside (ara-c) and Hydroxyurea (HU). UVASUN2000 irradiations were
carried out using doses ranging from 0-68J/cm with cells in tissue culture flasks in PBS
and in the presence of DNA repair inhibitors ara-c and HU. All cells were incubated for
20 minutes post-irradiation. Cells from tissue culture flasks were trypsinized after
incubation to produce a single cell suspension. All cells were then processed by the
comet assay and immediately analysed, after staining with ethidium bromide, using the
Synoptics Casys software. Comet tail length was used as the measure of DNA damage.

The comet assay was able to detect DNA damage in cultured human melanocytes over a
wide range of doses with both the 340nm and U V ASUN2000 sources. Linear regression
analyses showed a highly significant relationship between Log10 Dose and DNA damage
with both sources (340nm: p<0.001, r=0.81, UVASUN2000: pO.OOl, r=0.90). The
difference in slopes seen between the dose response for 340nm (slope=16.5) and
UVASUN2000 (slope=31.3) sources indicate mechanistic differences in the formation of
strand breaks. Melanocytes showed an approximately 30-fold greater sensitivity towards
the 340nm source than the UVASUN2000.

A pilot study using cultured human keratinocytes with the same sources showed a
difference in sensitivity between human melanocytes and keratinocytes. Cultured
human melanocytes would appear to be 2-3 times more sensitive to UVA-induced DNA
damage than cultured human keratinocytes.
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ANALYSIS OF DNA STRAND BREAKS INDUCED BY PESTICIDES IN
HUMAN CELLS USING THE COMET ASSAY.

P. Lebailly", T. Godard", P. Belhomme2), F^SJchel" and P.Gauduchon"
•)Laboratoire de Cancerologie Experimcntalc, Centre Francois Baclesse,
14021 Caencedex, France. 2'GREYC, Groupe de Recherche en hnagcrie.
Instrumentation et Inforniatique de Caen, URA CNRS 1526, ISMRA, 14050
Caen-cedex, France.

Pesticides have been extensively used in Fiance and regularly linked to
a variety of cancers in several countries. Although there is little evidence
for mutagenic activity among pesticides, some of them have been shown to
be clastogenic in vitro or in human population occupationally
exposed. We are conducting a prospective epidemiological and biological
study on carcinogenic risk in rural population of the ,,Dcpartment du
Calvados" exposed to widely used pesticides. As part of this study, the
induction of DNA strand breaks in human cells (hepatoma HcpG2 and
lymphocytes) is measured in vitro using the comet assay. Since we plan to
use this assay to monitor agricultural workers occupationally exposed to
pesticides, a preliminary study is in progress among agricultural workers (n
12) acutely exposed to a single pesticide. The presence of DNA strand breaks
in lymphocytes from these people as well as the clastogenic activity of
their urines are measured before (the morning of the application) and after
the use (the morning of the day after the application) of the pesticide.
In the perspective of large scale comet analysis, we have developed an
automatic software which is able to individualize and identify comet
images without any previous intervention of the user. After automatic
delimitation of the head and the tail of the comet, many parameters
describing its geometry, intensity (including the tail moment) and shape,
are calculated. Further improvement is needed to automatically identify and
analyse specific images .derived from apoptotic and dead cells, or
cellular fragments.

The preliminary results on two bipyridyles herbicides (Diquat and
Paraquat) and on one organochlorine insecticide (Lindane) reveal the ability
of these pesticides to induce in vitro DNA single-strand breaks on human
lymphocytes. Additional results will be available concerning the in vivo and
the in vitro activity of these pesticides.
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EVALUATION OF DNA DAMAGE USING THE COMET ASSAY WHEN
RADIATION TREATMENT IS COMBINEDWITH THE NOVEL BIOREDUCTIVE
DRUG, AQ4N.

S.R. McKeown, M.V. Hejmadi, V.J. McKelvey-Martin.
School of Biomedical Sciences, University of Ulster, N. Ireland.

AQ4N 1,4-bis-{[2-(dimethylamino-N-oxide)ethyl]amino}5,8-dihydroxy-
anthracene-9,10-dione) is a novel bioreductive agent which low affinity for DNA
and low cytotoxicity. Under hypoxic conditions AQ4N is reduced to the stable
DNA-affinicagent AQ4(Patterson, Cancer Metast Rev., 12, 119-134, 1993). The
alkaline Comet Assay was used to elucidate the mechanism of interaction of
AQ4N and its reduction product AQ4 with radiation both ex vivo and in vivo.

Established cell lines have shown only limited reduction of AQ4N
although in vivo studies have shown significant bioreductive potential for AQ4N
(McKeown et al, Br J Cancer, 71,1995). Therefore single cell suspensions were
prepared from excised T50/80 murine tumours and exposed to AQ4N with or
without hypoxia for 2h. Cells were then washed and maintained under standard
culture conditions. DNA damage was assessed on cells removed from 0 - 96h.
Under normal levels of oxygen AQ4N had no effect on the tumour cells. Under
hypoxic conditions cells showed an increase in DNA damage by 48-96h,
suggesting that the reduction of AQ4N to AQ4 does occur and that AQ4 remains
within the hypoxic cells. The damage is manifested only when these cells are
recruited into the cell cycle which concurs with the evidence that AQ4 is a
topoisomerase II inhibitor. When cells were maintained in tissue culture for24h
prior to starting the experiment no reduction of AQ4N was obtained. This
suggests that the enzyme responsible for the bioreduction of AQ4N is down-
regulated in vitro.

BDF mice bearing the T50/80 tumour were treated with single doses of
AQ4N (200mg/kg) and radiation (12Gy)/n vivo before tumour excision (0-72h).
Most of the radiation induced DNA damage was repaired within 2h suggesting
that AQ4N or its metabolite AQ4 did not interfere with the repair of radiosensitive
oxic cells. On excision beyond 24h a proportion of tumour cells showed DNA
damage with the combination regimen, in contrast to tumours treated with either
AQ4N or radiation alone. This suggests that reduction of AQ4N can compromise
the ability of hypoxic cells to repopulate the tumour for several days after
exposure to the drug.
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IS THE ,,COMET-ASSAY" SUITED TO DETECT INTRINSIC
RADIOSENSITIVITY OF CANCER PATIENTS

S.Neubauer*. G.Schmitt*, J.Dunst", R.J.Fietkau***,
S.Birkenhake***,E.Gebhart*
institute of Human Genetics and *** Clinic of Radiation Therapy, University of
Erlangen-Nurnberg, Germany
** Clinic of Radiation Therapy, University of Halle, Germany

An above average radiation sensitivity was examined on a total of 26 patients
assigned for radiation therapy. The lymphocytes of these patients were
analysed after in vitro exposure of X-irradiation (0,7 Gy and 2 Gy) with the
single cell microgel electrophoresis and at the same time with a three colour
fluorescence in situ suppression hybridization (CISS) technique. The data
from the Comet-Assay were compared with the results obtained from FISH
analysis. In both ways of analysis few patients were detected, whose
lymphocytes reacted clearly above average.
In addition the Comet-Assay is apolied to human tumor cells. We want to
know, if tumor cells react to in vitro irradiation in a similar way as do
lymphocytes.
Evidence for and against tne detectability of an intrinsic radiosensitivity by use
of the Comet-Assay will be presented and discussed.
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STUDIES OF REPLICATION IN PULSE LABELLED CELLS USING THE
COMET ASSAY.

Jonas Nygrcn. Stefan Eriksson and Maria Klaudc.
Department of Radiobiology, Stockholm University, Sweden.

It has been proposed that DNA replication is taking place at a polymerase fixed to
the nuclear matrix, and not by soluble, freely moving enzymes. We have
investigated this by applying the comet assay.

Growing CHO cells were labelled with a 15 pulse of tritiated thymidine.
Following the pulse, the cells were given chase times between 0 and 5 hours, after
which they were given 50 Gy of gamma irradiation, subjected to the neutral comet
assay and the comets were visualized by autoradiography. Without chase, almost
all label remained inside the comet heads. With increasing chase time, more label
moved out into the tails.

This supports the fixed polymerasc theory. As replication proceeds, the labelled
region of the newly synthesized strand moves away from its anchoring point.
Should the polymerase be diffusible, the label would be dispersed over the entire
comet, regardless of chase time.

There was little difference in comet length between 2 and 5 hours chase, except
for a greater prevalence of comets without a distinct head in the 5 hour specimens.
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Future research directions to study genetic-environmental interactions

in cancer susceptibility (S 2-7)

12.00- 13.30 Lunch



SOCIAL PROGRAM

Sunday. August 20
19.00 Welcome Party: Prague Castle - Rothmayer's Hall and

Rudolph's Gallery

Tuesday, August 22
20.00 Concert at the Church of St. Thomas

Wednesday, August 23
14.00 Excursions to Castles Karlstejn or Krivoklat

Thursday, August 24
19.30 Conference Dinner - 2ofin

PROGRAM FOR ACCOMPANYING
PERSONS

Sunday, August 20
19.00 Welcome Party: Prague Castle - Rothmayer's Hall and

Rudolph's Gallery

Tuesday, August 22
8.00 Excursion to Southern Bohemia:

Visit to Cesky Krumlov
20.00 Concert at the Church of St. Thomas

Wednesday, August 23
14.00 Excursions to Castles Kaiistejn or Krivoklat

Thursday, August 24
9.00 Sightseeing through the Old Town and Old Jewish Town

19.30 Conference Dinner - 2ofin



TIME TABLE
COMET assay workshop Hotel ILF
Saturday, August 19

8.45- 18.00
Sunday, August 20

8.00- 13.00

WORKSHOPS
Sunday, August 20

14.00-17.00

Opening Session, Lectures, Poster Session

Lectures, Discussion

Hotel ILF

a) US EPA (EPA-IRIS program for risk assessment
and EPA-IARC genetic activity profile database)

b) ONCOR (FISH assay and Apoptosis)

CONFERENCE Congress Center

Sunday, August 20
Evening 19.00 Welcome Party (Prague Castle)

Monday, August 21
Morning 8.30 Opening Session

10.30 Symposium /
Afternoon 14.00 Symposium 1

16.00 Forum 1
17.00 Poster Session 1

Tuesday, August 22
Morning 8.30 Symposium 2
Afternoon J3.30 Symposium 3

16.30 Poster Sessions 2 and 3
Evening 20.00 Concert (at church of St. Thomas)

Wednesday, August 23
Morning 8.30 Symposium 4
Afternoon 14.00 Excursion to Castles Karlstejn or Kfivokiat

Thursday, August 24
Morning 8.30

11.00
Afternoon 13.30

15.30
Evening 19.30

Friday, August 25
Morning 8.30

11.00
12.00
13.30

Symposium 5
Forum 2
Forum 3
Poster Sessions 4, 5 and 6
Conference Dinner (Zofin)

Symposium 6
Forum 4
Forum 5
Closure



SYMPOSIUM 3
Characterization of Exposures to Environmental Mutagens in Highly
Polluted Areas
Chairperson: R.R. Tice
Rapporteur: R.J. Sram
13.30 R.R. Tice (USA):

Introduction to symposium: Characterization of exposures to
environmental mutagens (S 3-1)

13.50 B. Binkova (Czech Republic):
liiomarker studies in Northern Bohemia (S 3-2)

14.10 R. Baralc (Italy):
Human exposure to urban air pollutants (S 3-3)

14.30 G. S. Qian (China):
Exposure to mutagens in China (S 3-4)

14.50 W. Anwar (Egypt):
Interactions between environmental toxicants and endemic infections (S 3-5)

15.10 P. Oslrosky (Mexico):
Exposure to environmental toxicants in developing countries (S3-6)

15.30 E. N. Antipcnko (Ukraine):
Monitoring of populations exposed to metallurgical industry in Ukraine
(S3-7)

15.50 R.J.Sram (Czech Republic):

Future reseaivh directions to characterize emiivmnental mutagens (S 3-8)

16.10- 16.30 Coffee break

16.30 - 18.00 POSTER SESSIONS 2 AND 3
Genetic-Environmental Interactions in Cancer Susceptibility
(Polymorphism Induction/Adaptation)
Rapporteur: M. Ingelmann-Sundberg
Characterization of Exposures to Environmental Mutagens in Highly
Polluted Areas
Rapporteur: R.J. Sram
20.00 Concert

WEDNESDAY, August 23

SYMPOSIUM 4
Genetic and Cancer Risk from Occupational and Accidental Exposures

Chairperson: T. Sofuni
Rapporteur: R.J. Albertini
8.30 T. Sofuni (Japan):

/iKioc/iitfiod to symposium: GenedV and confer riskfrmn accidental
exposures (S 4-1)



8.50 A. Czcizcl (Hungary):
Genetic effects in relation to toxic exposures (S 4-2)

9.10 E. Cardis (France):
Epidemiology of radiation exposures (S 4-3)

9.30 M. Yamakido (Japan):
Former poison gas workers and cancer (S 4-4)

9.50 B. W. Glickman (Canada):
Mulagcnic effects in adult and children exposed to ionizing radiation in
Goiania. Brazil (S4-I I)

10.15- 10.45 Coffee break

10.45 M. Pilinskaja (Ukraine):
Lmg-tenn cslogeneticstudyofClwmobylaccident victimi in Ukraine (S 4-6)

11.05 l.D. Tucker (USA):
Chromosome painting for biodosimetry in humans (S 4-7)

11.25 M. Akiyama (Japan):
Monitoring exposure to atomic-lwinb radiation (S 4-8)

11.45 M. Nagao (Japan):
Human exposure to carcinogenic heterocyclic amines and their
mutational fingerprints in experimental animals (S 4-9)

12.05 R.J. Albcrtini (USA):
Future research directions to evaluate genetic and cancer risk from

accidental exposures (S 4-10)

12.30- 13.30 Lunch

14.00 Excursion to Castles

THURSDAY, August 24

SYMPOSIUM 5
Reproductive and Developmental Effects of Environmental Mutagens

Chairperson: K. Mikamo
Rapporteur: M.D. Shelby
8.30 K. Mikamo (Japan):

Introduction to symposium: Reproductive and developmental effects of
environmental mutagens. A view on the poor reproductive efficiency in

man (S5-\)
9.00 T. Nomura (Japan):

A new in vivo method for detecting mutagens and carcinogens in
human tissues and organs (S 5-2)

9.30 C. Satoh (Japan):
Genetic analysis of children of atomic bomb survivors (S 5-3)



10.00 M.D. Shelby (USA):

AVir directions in the assessment of reproductive and developmental

toxicants (S 5-4)
10.30- 11.00 Coffee break

FORUM 2
Exposure to Environmental iVIutagens and Cancer Burden
Chairperson: P.B. Farmer
11.00 H. Bartsch (Germany):

The role of individual susceptibility in cancer burden related to

environmental exposure (F 2-1)

11.30 W. W. Au (USA):

Repair deficiency in cancer susceptibility (F 2-2)

12.00 J. Ashny(UX):
The contribution of environmental mutagens to cancer burden (F 2-3)

12.30- 13.30 Lunch

FORUM 3

Should Population Monitoring and/or Screening be Routinely Done on
Exposed Workers?

Chairperson: D. Anderson
13.30 M. Lcgator(USA):

Genetic effects of low level exposure to solvents: Public health

implications (F 3-1)

13.55 V. S. Zhurkov (Russia):

Cytogenetic investigation of workers of different chemical industries

(F 3-2)

14.15 A. Frank (USA):

Monitoring of exposed workers and communities - scientific and ethical

considerations (F 3-3)

14.35 R. Schoeny (USA):

Use of genetic toxicology data in US EPA risk assessment:

The mercury study report as an example (F 3-4)

15.00- 15.30 Coffee break

15.30 - 17.30 POSTER SESSIONS 4 - 6
Genetic and Cancer Risk from Occupational and Accidental exposures
Rapporteur: R.J. Albertini
Reproductive and Developmental Effects of Environmental Mutagens
Rapporteur: M.D. Shelby



Advances in Detection of Genetic Damage in Germ Cells and Genetic
Risk Estimation
Rapporteur: I.-D. Adler
19.30 Conference Dinner

FRIDAY, August 25

SYMPOSIUM 6
Advances in Detection of Genetic Damage in Germ Cells and Genetic
Risk Estimation

Chairperson: N. P. Bochkov
Rapporteur: I.-D. Adler
8.30 N. P. Bochkov (Russia):

Introduction to symposium: Advances in detection of genetic damage in
germ cells ami genetic risk estimation (S 4-5)

9.00 Y. Kamiguchi (Japan):
Chromosome abnormality in human gametes bx exposure to mutagens
(S 6-2)

9.30 A. Wyronek (USA):
Monitoring for genetic damage in human sperm (S 6-3)

10.00 I.-D. Adlcr (Germany):
Future research directions to study genetic damage in genii cells and
estimate genetic risk (S 6-4)

10.30- 11.00 Coffee break

FORUM 4
Methodological Problems

Chairperson: B. VV. Glickman
11.00 M. Sorsa (Finland):

Exposure assessment in epidemiological studies (F 4-1)
11.30 C.S.Aaron (USA):

Endpoint for biomonitaring: application assays and sample integrity

(F4-2)

12.00

FORUM 5
Future of Human Population Monitoring
Chairperson: M. Sorsa
EC C. Nolan
IARC P. Klcihucs

US EPA J. Lcwtas

13.30 CLOSURE



POSTER SESSIONS

POSTER SESSION 1: Biomarkcrs of Exposure and Effects
of Mutagcns and Carcinogens

P 1-1 B. van Agon. F.J. van Schootcn. H. Popcijns. J. Kleinjans:
Single-cell visualization oj p53 activation by

ben:.o(a)pyrenediolepoxyde - induced DNA strand breaks
P 1-2 T. Anttinen-KSeincUi, K. Pclloncn, R. Vaaranrinla, M. Sorsa:

S-phenylcystein, a potential bionuirker of benzene exposure
P 1-3 S. Asakura. S. Sawada. H. Daimon. H. Mochida. H. Shinoya:

Replicative DNA synthesis (RDS) and cylogcnesis in rat liver
induced in vivo by two types of methylaling agents,
dimelhylnitrosainine (DMN) and niethylnitrosoiirea (MNU)

P 1-4 R. Baralc. A. Marraz/.ini. M. Bulled, A. Lori:
SCE and MN in smokers and non smokers

P 1-5 K. Barale, C. Moriz/.o, M. Ballardin, F. Gcmignani:
Methodological factors affecting SCE and MN levels in large

human monitoring study
P 1 -6 A.R. Collins, M. Dusinska, M. Klaudc, CM. Gcdik:

O.xidaiive damage to DNA: HPLC and SCGE compared
P 1-7 D.J. Doolittlc, S.C. McKarns, R.A. Davis, S.D. Livingston,

B.R. Bombick, J.T. Avalos, C.J. Smith:
Human urine nuilagenicity study comparing cigarettes which

burn or primarily heat tobacco
P 1-S M. Dusinska. D. Slamcnova, J. Dochmcr:

The influence of DNA repair inhibitors on DNA damaged by

B(a)P in genetically engineered cells with Iransfected genes for

cylochrome IJ45()
P 1 -9 E. D/iubaltowska. E. Spicchowicz, K. Wyszynska,

W. Chwialkowska-Liro, J. Palus:
Genoto.xicity of some selected azo-dyes using short-term

screening tests: Ames test, microniicleus lest, SCE test and UDS
P 1-10 W. Fcscr, R. Reiimmn. R.S. Kerdar, H. Blodc, P. Gunzcl:

DNA-addtict formation and DNA repair synthesis of selected

synthetic and endogenous steroid hormones in nil liver
P I -11 S. Flato, K. Hcmminki. E. Thunbcrg, A. Gcorgcllis:

DNA adducls in the human nasal mucosa



P I -12 G. Frcnzilli, S. Pcz/.ica, R. Baralc:
Gcnatnxic effects of chemicals evaluated with Comet assay in
peripheral human lymphocytes

P 1-13 G. Frcnzilli, T. Davini, C. Betti, M. Dcsidcri, L. Giancssi,
F. Maggiorclli, R. Baralc:
Follow up of lymphocytes DNA damage in smokers during
smoking, giving up, using Comet assay

P 1 -14 J.M. Garcia-Sagrcdo, I. Vallcorba, A. Lopez-Yarlo,
M.C Sanchcz-Hombrc, M. Rcsino, M.T. Fcrro:
Chromosome painting in biological dosimetry: Assessment of the
ability to score stable chromosome aberrations using different
pairs of paint probes

P 1 -15 J. Guzman Rincon, U. Graf, J. Espinosa:
Use of the wing spot lest to evaluate nitrosalion inhibition

P I -16 P. Hackman. G. Gabbani, A-M. Oslcrholm, D. Hcllgrcn, B. Lambert:
Spontaneous length variation in microsatellite DNA from human
T-cell clones

P 1-17 H. Kasai, R. Yamaguchi, S. Asami, T. Hirano:
Increase of 8-hydroxygucinine repair activity in rat organ and
human leukocytes by exposure to oxygen radical-forming
carcinogens

P 1 -18 P. Koivisto. K. Pclloncn, M. Sorsa:
Analysis of butadiene monoepoxide DNA adducts as a marker of
butadiene exposure

P 1 -19 L. Lcclcrcq, Ch. Laurent, E. De Pauw. G. Ghitti:
Quantitative analysis of N7(2-hydroxyethyl)guanine by high
performance liquid chromalography/ eleclmspray mass
spectrometry after in vitro exposure of DNA to ethylene oxide

P 1-20 C. Milillo, F. Gcmignani, A. Marrazzini, C. Morizzo,
S. Baldacci, T. Davini, A. Tessa, A. Strano, B. Pinto, L. Chclotti,
I. Sbrana, R. Barale:
Cytagenetic damage in peripheral lymphocytes of 300 healthy
subjects

P 1-21 G. Motykiewicz, P.T.M. van den Berg, E. Malusccka,
J.H.M. van Delft, C.J.M. van der Wulp, R.A. Baan:
Immunohistochemical detection of PAH-DNA adducts in
lymphocytes collected from women exposed to airborne
pollutants



P 1 -22 M. Nicri, I. Sbrana:
Miiomycin C in vitro enhances the expression of fragile sites
induced by aphidicolin

P 1 -23 H. Norppa, J. Catalan, K. Aulio, G. Falck, J. Surralcs:*
Micronucli'i in human lymphocytes: A specific effect of
cytocholasin B on the X chromosome

P 1 -24 W. Pauwcls, M. Scvcri, H. Vculcmans, P. Vodicka:

Adduct formation on haemoglobin and DNA in mice after i.p.
administration oj styrene

P I -25 M. Pcrsiani, E. Bramanti. H. Bcncdctti, M.L. Trinca,

A. Manganclli, W. Gohdc. L. Tcodori:
Human hair as a model system in toxicology: A study by

vibrational microspectroscopy and flow cytometry
P I -26 W. Pfau. U. Brockstcdt:

DNA adducls in human tissue: f2P-postlahelling/ HPLC analysis
P 1 -27 U. Plappcrt, K. Raddalz, W. Ricth, S. Moll, T.M. Flicdncr:

The SCG assay - a biomarker of effect
P 1 -28 J. Salagovic, J. Gillcs, L. Vcrschacvc, I. Kalina:

The Comet assay in the earthworms as a promising tool for
environmental biomonitoring

P 1 -29 R. Scarpato, L. Migliorc:

The occurrence of acrocentric chromosomes in spontaneous
micronuclei of people from a general population by using two-
colour hybridization

P 1-30 R. Stclina, P. Vodicka:

The induction of single strand breaks in DNA of human

fibroblasts and HepG2 cells by monoepoxybiitene and

diepoxybutane
P 1 -31 N. Titcnko-Holland, L.E. Moore, L. Zhang, P. Kolachana,

S. Parvatham, M. T. Smith:

Micronuclei in human lymphocytes and exfoliated cells as

biomarkers of genetic damage
P I -32 H. Vaghcf, A.-C. Wiscn, B. Hcllman:

Demonstration ofbenzo(a)pyrene induced damage of DNA in
mice using alkaline single cell gel electrophoresis

P 1 -33 Cs. Varga, Zs. Pocsai, V. Timbrell, G. Horvath:
Cytogenetic effects of ingested amphibole asbestos fibres in rats



P 1-34 L. Vcrschacvc, L. Rcgnicrs, D. Van Dcr Lelic:
A new, rapid mid sensitive bacterial gcnnloxicity test based on
biolitininescence

P I -35 P. Vodicka, R. Kumar, K. Hcmminki:
7-alkylguanine adducts in nitcleotides and UNA reacted in vitro
with 3,4-epoxy-l-buteiw analyzed by •'2P-postlabetling assay

P 1 -36 T.H. Ward, J.T. Richards, S. Haran, J. Bullcr:
Comet assay studies on a K562 leukemia cell line resistent to the
(liaziridinylnezociuinones AZQ & BZQ

POSTER SESSION 2: Genetic-Environmental Interactions in Cancer
Susceptibility (Polymorphism
Induction/Adaptation)

P 2-1 R. Barale, S. Baldacci. T. Davini. L. Chclotli:
Biological and life style factors affecting baseline SCE and MN
in human lymphocytes

P 2-2 N. Basaran, S.D. Blowers, A.J. Edwards, D. Anderson:
The effect ofanlioxidants on bleomycin treatment in in vitro and

in vivo genoloxkity assays
P 2-3 H.W. Chen, D.P. Sandier, J.A. Taylor, M. Watson, D.L. Shore,

E. Liu, CD. Bloomficld, D.A. Bell:
Increased risk of myelodysplaslic syndrome associated with
glutathione S - transferase theta I gene defect

P 2-4 M. Chulasiri, S. Sookkhce, S. Apibal, P. Temcharocn, P. Picha:
Anlimutagenicity and antimicronucleus formation of Chinese tea

drink
P 2-5 I. Ember, I. Kiss, T. Raposa:

Molecular epidemiology ofcytostatic drug exposed population

on gene level
P 2-6 A.K. Giri, K.A. Khan, S. Banerjee:

Evaluation of the anlinuttagenic effects of centchroman - a new
non-steroidal oral contraceptive in multiple test systems

P 2-7 Ya.I. Honsky, M.M. Korda:
Effect of cadmium chloride on processes of tissue respiration,

free radical oxidation and inicrosomal system of detoxication
P 2-8 A. W. Hsic. J.L. Schwartz:

Molecular analyses of ionizing radiation - induced genetic risk



I' 2-9 S. Landi. I. Ponzanclli, H. Norppa, A. Hirvoncn, R. Baralc:
Repeated measurements of in vitro cliepo.xybutane induced sister
clironuitid exchanges in human lymphocytes

P 2-10 S. Landi, I. Ponzanclli, R. Baralc:
Cytogenetic analysis in Gomel children after Chernobyl
accident: 5-diepoxylnttane (DEB)- responsiveness in cancer and

healthy children
P 2-11 S. Landi, I. Ponzanclli. R. Baralc:

Individual in vitro responsiveness la diepoxylnttane is

determined by a polymorphic red-cell located factor
P 2-12 K. Linnainmaa. K. Pclin, A. Hirvoncn:

Individual susceptibility to asbestos-related malignant
inesotlielioma

P 2-13 G. Mrackova, K. Pctcrkova, T. Pilcik, J. Dcjmck, R.J. Sram:
Effect of'GSTMl genotype on DNA damage analysed by Comet
assay

P 2-14 A.L. Pawlak, A. Plavvski, R. Ja.kula-Sztul:

The AHH noninducible C57BUI0congenic mice are
honiozygous for DBA/2 specific alleles at the ahr gene linked
D12MH2 locus

P 2-15 I. Ponzanclli, S. Lancii, R. Baralc:
A study on 4-nitrocjuinoline-l-oxide (4NQ0) induced damage

persistence
P 2-16 I. Ponzanclli, R. Baralc:

Different persistence of induced damage among donors analysed

with liquid holding (LH) and three way differential staining

(TWD)
P 2-17 R. Scarpato, L. Migliorc, G. Falck, A. Hirvoncn, H. Norppa:

Longitudinal study on people occupationally exposed to
pesticides: Cytogenetic monitoring and characterization of

GSTM1, GSTT1 and NAT2 genotype
P 2-18 B. Schokct, D.H. Phillips, S. Kostic, I. Vinczc:

Genetic polymorphisms and smoking - related lung cancer in a

Hungarian population
P 2-19 D. Slamenova, E. Horvathova, L. Wsolova:

Antiniutagenic effects of synthetic antioxidants butylated
hydroxycmisole and stobadine in vitro



P 2-20 J. Topinka, B. Binkova, G. Mrackova, J. Dcjmck, R.J. Sram:
DNA udducts induced by environmental pollution in human
placenta and their relationship to metabolic genotypes

P 2-21 A. Vcrdina, R. Zito, G. Cortcsc, A. Zijno, R. Crcbclli:
Modulation of DNA binding in vivo by specific humoral
iiwiiuitological response: A novel host factor in environmental
carcinogenesis?

POSTER SESSION 3: Characterization of Exposures to Environmental
Mutagens in Highly Polluted Areas

P 3-1 H. Autrup, A. Beck Vestcrgaard, H. Okkcls:
Tninsplacenicd transfer of environmental gcnolo.xins-
benzo(a)pyrene-alhiiniin

P 3-2 K. Bclpacmc, Z. Lin. K. Delbckc, M. Kirsch- Voldcrs:
Cytogenelic effects of PCB 77 on the brown trout (Sabno Irulta
fario)

P 3-3 M. Ccrna, B. Turek, V. Spcvackova, P. Rossncr. P. Silhava.
B. Bcncs, J, Smid, R. Kubinova:
Monitoring of population exposure to environmental pollutants

P 3-4 M. Ccrna, A. Pastorkova, J. Smid:
Monitoring of genoto.xicily in the environment

P 3-5 K. Chrusciclska, A. Ccbulska-Wasilcwska, B. Palka,
B. Sitowska, M. Litwiniszyn:
Mutagenic activity ofaminophenazines in Sacc/uuvmyces and

Tradcscanlia
P 3-6 M.L.Cunningham, B.S.Shane, K.R. Bindall, J.J. Hayward:

Differential in vivo nmtagenicity of the carcinogen-
noncarcinogen pair 2,4- and 2,6-diaminotoluene.

P 3-7 T. Gebcl, J. Schafcr, C. Bchmkc, H. Dunkclbcrg:
Biomonitoring investigation of residents environmentally
exposed to mercury, arsenic and antimony

P 3-8 M. Golovina, A.I. Kurinnyi:
The study of the mutagenous activity of residual quantities
pesticides, extracted front wheat grain

P 3-9 K. Jansson, J.M.T. Hyttinen, M. Niitlykoski, J. Maki-Paakkancn:
Mechanistic studies on chlorohydroxyfuranones, chlorination
by-products contributing to the mutagenic potential of drinking
water



P 3-10 A.P. Kravcliuk:

Cytogcnctic bio/nom'toring of populations living in agricultural
areas

P 3-11 W.R. Kusamran, K. Wakabyashi, A. Oguri, A. Tcpsuwan,
M. Nagai), T. Sugiinura:
Mutagenic activity of Bangkok and Tokyo river water

P3-I2 K. Malachova:
Using of the Salmonella typhiinuriuin his test and the SOS
chromotest for the detection of mulagcnicily of environment
contaminers

P 3-13 E.M. Maral'ic, S.J. Emery, I. Marafic, J. Jones, R. Waters:
Tlie analysis oj placenta! tissue for biomoniloring the population
exposed to pollution from the oil fires in Kuwait

P 3-14 P. Pagano, T. Do Zaiacomo, E. Scarcclla, S. Bruni,
M. Calamosca:
Mutagcnic evaluations in different granulometric fractions of
airborne particulate matter in urban area

P 3-15 K. Peterkova, T. Pilcik, .1. Dcjmck, R.J. Sram:
Use of Comet assay for environmental monitoring.

P 3-16 J. Rcva/ova, F. Ingcl, V. Druzhinin:
Biomonitoring of human populations in towns with different
harmful factor cxposers. Comparative analysis of human genetic
damages

P 3-17 P. Rossncr, M. Cerna, H. Bavorova, D. Ocadlikova, J. Smid:
Monitoring of population exposure to ge.notoxlc contaminants in

the environment

P3-18 M. Suttajit:
Environmental risk of and prevention of ajlatoxins in Thai
population

P 3-19 A. Tcpsuwan, P. Kupradinun, W.R, Kusamran:
Mutagenicities of some Thai cooked foods

P 3-20 B. Wei, M. Suttajit, M. Rayanakorn, U. Vinitkctkumnucn, J. Kruegcr:

Evaluation of mutagenicity and polycyclic aromatic hydrocarbon
content in soil

POSTER SESSION 4: Genetic and Cancer Risk from Occupational
and Accidental Exposures

P4-1 Y.R. Ahuja, N. Rajcswari, G. Anuradha, M. Jaiswal:



liionioiiiloring individual risk of cancer in relatives of breast

cuncur patients by Comet assay

P 4-2 I. Bcncsova, B. Jandova:

Toxicity and genoloxicily molds obtained in Ihejlat interiors

P 4-3 V, Bruincn, D. Horvat, M. Tonkovic:

Biomarkers of exposure to environmental mutagens among coke

plant workers and coke oven area population - mutagenetic

study

P 4-4 S. Burgaz, B. Karahalil, M. Yilmazcr, N. Aygun, S. Sardas,

A.E Karakaya:

Evaluation of genotoxic risk for styrene exposed workers

P 4-5 W. Chwialkowska-Liro, E. Spicchovvicz, J. Palus, K. Wyszynska:

Occupational exposure to mulagenic agents in dye industry and

aluminium plant

P 4-6 L. Dobias, J. Lcwtas. J. Havrankova, B. Binkova, J. Volf,

M. Adamcik, M. Vit:

Mutual correlation of biomarkers during exposure to complex

mixtures ofPAHs

P 4-7 P. Escobar, H. Trillos, D. Sicarcl. H. Groot:

The Comet assay in persons occupalionally exposed lo ethylene

oxide

P 4-8 G. Frcnzilli, A. Lori, R. Baralc:

Cylogenetic analyses in Gomel children after Chernobyl

accident: 111) Comet assay

P 4-9 K. Fujikawa, S. Kondo:

Assay system with Drosophila melanogaster for lethal synergism

of 5-fluoroitracil and sorivudine revealed in human accidents

P4-10 E. Gcbhart, S. Ncubaucr, G. Schmitt, J. Dunst, S. Birkcnhakc:

Detection of radiosensitivity in cancer patients using a three

colour cis-lechnique

P 4-11 S. Gutierrez, E. Carboncll, P. Galofrc, N. Xamena, A. Crcus,

R. Marcos:

Biomonitoring study of thyroid cancer patients treated with '•"/

P 4-12 L.M. Hallbcrg, L. Grossman, W. Au:

Measurement of DNA repair deficiency in workers exposed to

benzene



P 4-13 L.S. Hoyos, S.Carvajal, L.M. Solano, L.J. Rodriguez, L. Orozco,
Y. Lope/.:
Evaluation on the health potential risk for potato grower
exposed to pesticides through genotoxic tests

P 4-14 T. Kuljukka, K. Pclloncn, R. Vaaranrinla, T. Vcidcbaum, M. Sorsa:

Exposure to RAH compounds among cokery workers in oil shale
industry

P 4-15 A.L. Likhaehev, I.V. Savochkina, ML. Tyndyk, V.S. Koshkina:
Which carcinogen is most dangerous in iron and steel founding ?

P 4-16 A. Lori, C. Morizzo, F. Gcmignani, M. Ballardin, C. Milillo,
R. Baralc:
Cytogenelic analyses in Gomel children after Chernobyl
accident: I) Chromosome aberrations (CA) and sister chromatid
exchanges (SCE)

P 4-17 MM. Mahfouz, A.A. Massoud, S.S. Korraa, A. Kamal,
A.A. Miligy:
Superoxide dismutase: Possible adaptive and anticlastogenic
role among radiation exposed workers

P 4-18 A.A. Massoud, M.M. Mahfouz, S.S. Korraa, A.A. El Miligy:
Chromosomal aberration and micronucleus assay among
cardiac cathetarization workers

P 4-19 A.A. Massoud, M.M. Mahfouz, S.S. Korraa, E. El Gindy:
Micivnucleus distribution assay as a measure of radiation effects
among industrial radiographers

P 4-20 L. Migliorc, L. Cocchi, L. Zotti Martclli:
Cytogenetic analyses in Gomel children after Chernobyl
accident. II) Micronucleus analysis

P4-21 M. Moretti, M. Vilarini, G. Scasscllati-Sforzolini, S. Monarca,
M. Libraro, C. Fatigoni, F. Donato, C. Lconardis, L. Perego:
Biological monitoring of genotoxic hazard in workers of rubber
industry

P 4-22 M. Nicri, A. Musio, I. Sbrana:
Cytogenetic analyses in Gomel children after Chernobyl
accident. IV) Expression of chromosome fragile sites.

P 4-23 E.E. Obaseiki-Ebor, J.C. Akerelc:
Comparative studies of the nnttagenic and genotoxic potentials
of two antimalarial drugs - chloroquine and mefloquine

P 4-24 J. Palus, K. Wyszynska. Ch. Tagcsson, O. Axclson:



H-OIhlG excreted in urine as a biomarker of occupational
exposure in dye, rubber and asbestos industries

P 4-25 R. Pasquini. G. Scassclhiti-Slbrzolini, M. Morclti, M. Villarini,
C. Fatigoni, L. Sicilia, M. Gigli, F.A. Baulco:
Detection of eytogenetic damage in lymphocytes of farmers
exposed to pesticides in central Italy

P 4-26 M. Pitarquc. E. Carboncll, N. Lapcna, M. Marsa, A. Crcus,
N. Xamcna, R. Marcos:
Bionumitoring studies in a group of service station attendants

P 4-27 W. Popp, C. Vahrcnholz, C. Schcll, J.V. Bullow, G. Mullcr,
R. Kraus. K. Norpoth:
Determination of some biotnarkers of carcinogen exposure in
persons exposed to polycydic aromatic hydrocarbons

P 4-28 K. Savcla. M..I. Kohan. C.P. Dickey, F.P. Pcrcra, K. Hcmminki,
J. Gallagher. J. Lcwtas:
32P-posilabeling analysis of nitro-PAH adducts formed from
foundry air paniculate matter in vitro and in human DNA

P 4-29 E. Szabova, D. Zcljcnkova:
The genotoxic study of the copper complex

P 4-30 A. Testa, M. Appolloni, F. Maura, L. Padovani, L. Stronati,
D. Caporossi, B. Tcclcschi, P. Vcrnolc, R. Barale:
Cytogenetic study on children still showing an internal U7Cs
contamination

P 4-31 K. Wyszynska, W. Chwialkowska-Liro, E. Dziubaltowska:
Effects of occupational exposure in dye industry and aluminium
plant assessed by sister chromatid exchange in lymphocytes

POSTER SESSION 5: Reproductive and Developmental Effects
of Environmental Mutagens

P 5-1 H.A. Clavijo, C.L. Roncancio, B. Galarza, A. Corrca:
Teratogen information service in Colombia: The occupational
exposures

P 5-2 J. Dejmck, S. Sclcvan, M. Dostal, K. Petcrkova, R.J. Sram:
The impact of environmental exposure and lifestyle on the
pregnancy outcome

P 5-3 M.M. Dobrzynska, A.K. Gajewski:
Induction of sperm head abnormalities after combined exposure
with low doses of X-rays and acrylamide



P 5-4 M. Dostal, J. Dcjmck, P.A. Stcercnberg, H. van Lovcrcn, R.J. Srain:

Illumine bioinarkers in cord blood in the Northern Bohemia
P 5-5 ME. Gauldcn:

Hormonal imbalance vs. reduced meiotic recombination as the
cause of human trisomy: Can nondisjunction be prevented in
reproducing woman'.'

P 5-6 P. Kale:
Utility of Drosophila delayed sex linked recessive lethal mutation
test in imitagenicily testing

P 5-7 X. Lowe, F. Marchctti, T. Ahlborn, J. Bishop, N. Tiicnko-
Holland, M.T. Smith, A.J. Wyrobck:
Chromosomal abnormalities detected in zygotes and 4-day
embryos of mice using multi-probe FISH

P 5-8 I.N. Lunga:
Reproductive effects of environmental genotoxic factors

P 5-9 N.R. Shcpclskaya, L.V. Martson:
The contribution of mutagenic activity of pesticides to
reproductive and developmental disturbances

P 5-10 G.V. Smirnova, I.N. Lunga:
Using index of new-boms' body weight as an indicator of
genotoxic effects

P 5-11 N. Titenko-Holiand, T. Ahlbom, X. Lowe, A. Wyrobck. M.T. Smith:

Paternal chemical exposure, sperm damage and embryotoxicity
in mice

P 5-12 D.J. Tomkins, L. Dodds, L.D. Marrctt, G. Sherman, A.B. Miller,
L.M. Green:
Use of linkage studies for evaluating reproductive and
developmental effects of environmental mutagens

P 5-13 E.V. Vallseva, I.N. Lunga, G.V. Smirnova:
The creation of date base for genotoxic effects in families living
in city's conditions

P 5-14 D. Zcljcnkova, E. Szabova:
The prenatal loxicity study of the copper complex

POSTER SESSION 6: Advances of Genetic Damage in Germ Cells and
Genetic Risk Estimation

P 6-1 CM. Hughes, S.M.E. Lewis, V.J. McKclvcy-Martin,
W. Thompson:



X - ray radiation and hydrogen peroxide induced DNA damage
infertile & infertile spenn

P 6-2 P.Van Hummclcn, X. Lowe, A.J. Wyrobck:
A new FISH method for detecting segmented aneuploidy in
human sperm

P 6-3 J. Lahdctic, M. Ajoscnpaa-Saari, J. Mykkancn, A. Reinikainen,
N. Saari:
Detection of aneuploidy in human sperm by fluorescence in situ
hybridization

P 6-4 N. Ncdopitanskaya, E. Baglcy, N. Kornuta:
Potential oncogenic human risk of complex of pesticides which
widely used in Ukraine

P 6-5 T. Nomura, H. Nakajima, M. Inoue, Y. Ishii, K. Suto:
Transgeneratioiuil effects ofmun-nuule environmental toxic agents

P 6-6 J. Rubes, M. Casscl, X. Lowe, A.J. Wyrobck:
Confirmation ofdiploid spenn in human semen using multi-probe
fluorescence in situ hybridization and phase contrast microscopy

P 6-7 J. Rubes, X. Lowe, M. Casscl, D. Moore, S. Pcrrcault, V. Sloll,
D. Evcnson, Z. Zudova, L. Borkovec, S. Sclevan, A.J. Wyrobck:
Sperm aneuploidy in smokers and nonsmokers living in the
Teplice district of the Czech Republic

P 6-8 T. Shibuya, T. Kashima, A. Koizumi, N. Horiya:
Primordial germ cells are sensitive to chemical mutagens

P 6-9 C. Tiveron, B. Bassani, F. Pacchierotti:
Genetic risk assessment of 1,3-butadiene and diepoxybutane:
Detection of DNA damage induced in male mouse germ cells by
the analysis of chromosomal aberrations in one-cell zygotes

P 6-10 G.M. Volgarcva, Yu.A. Rcvazova:
New approach in detection of genetic damage resulting from
vaccinations

P 6-11 R. Wigcr, C. Bjorgc, J.A. Holme, G. Brunborg, T. Scholz,
E. Dybing, E.J. Sodcrluncl:
Chemically induced DNA single strand breaks and their repair in
spermalogenic cells

P 6-12 F. Seilcr, K. Kamino, M. Emura, J. Thomalc:
Formation and repair of 06-ethylguanine in spermatogonial
cells of adult Syrian golden hamster after intraperitoneal
injection of monofunctional alkylating agents (abstract C-16)



WELCOME

Yon have come In Prague to participate in the 2nd International Conference
on Environmental Mutagens in Human Populations. You will harvest the work
of the last three years of preparations of this Conference. We should remember
and acknowledge the activity of the late Prof. E H. Sobels, who as the chairman
of International Advisory Hoard, tried to put forward program fulfilling two
tasks: to become the milestone in the field and to bring together scientists from
various continents.

The purpose of the Conference is to enhance our awareness of human health
problems caused by environmental mutagens and carcinogens, to update our
achievements in the field, to foster international cooperation and to establish future
directions in this area of research.
We are honored to welcome in Prague eminent scientists in the field oj human
biomonitoring to deliver lectures and to discuss recent achievements in the field
of mutagenesis and carcinogenesis, which should be useful for prevention of
human ill health. All together we should try to identify I he most important
problems for different regions. Our discussions may also influence our
approach to specify global problems and to build bridges of cooperation among
various laboratories in different countries.
The Conference could not be possible without substantial financial support of various
organisations and companies that is highly acknowledged.
The International Advisory Hoard and Local Organizing Committee hope that
the program of Conference will meet your scientific interest and stimulate your
future research.
We are pleased to welcome you in the »Golden« Prague, the capital of the Czech
Republic. We hope thai you will be attracted by the old history of our country, with a
message about really historical changes during last six years. Welcome party is held
in the Rothmayer's Hall and the Rudolph's Galleiy of the Prague Castle. Empemr
Rudolph II (end of the 16th century) was a great suppoiier of alchemists and lover of
good an. He collected just in his Gallery the best and richest artistic pieces in Europe
that time. Concert will be organized at the St. Thomas Church (13th centuiy), next to
this church is an ancient Brewery at St. Thomas from 1379, producing bier according
to their old recipes. Accompanying persons will visit the old town ofCesky Krwnlov,
unique memorial ofgothic and renaissance architecture in the Southern Bohemia. In
the middle of week you will travel around Prague to see one of two gothic royal castles
Krivoklat or Karlstejn. Conference dinner will be served in the old ball room on the
river island of Zofin, just opposite to the National Theater. Thus you will breath flavor
of several centuries.

We also hope you will enjoy meeting old and new friends. We wish you a pleasant
stay in Prague.

R.J. Sram W.W. Au



GENERAL INFORMATION

Venue Congress Center
tr. 5. kvetna 65
140 09 Prague 4
Metro station : Vysehrad - line C

Official language English

Registration
Registration Desk will be opened in the Foyer of Concert Hall (2nd floor):
Sunday, August 20 10.00 - 18.00
Monday, August 21 8.00 - 18.00
Tuesday, August 22 8.00 - 10.30
Wednesday, August 23 8.00-10.30
Thursday, August 24 8.00 - 10.30
Friday, August 25 8.00-10.30
Office
If you need any help in the time, when registration desk is closed, visit
Conference Office, room No. 3207.
Contact telephone
During the conference, the telcphonc/fax at the Conference OITice will work
to receive important messages or information from abroad.
No. 42-2-6117 3116.
Telephone to the Registration Desk 6117 2115.
Messages
Announcements and personal messages will be found on the Message Board
near the Registration Desk.
Meals
Lunch will be served at the Restaurant Panorama (1st floor). Participants
who did not ordered their lunches with the registration may purchase lunch
tickets at the Registration Desk at a cost of 200 Kc per meal.
Badges
Participants are kindly requested to wear their badges during all events of the
Conference. Members of the Organizing Committee may be recognized
according to the yellow colour of their badges.
Transportation
The Congress Center is situated very close to the Metro station Vyschrad -
red line C.
Exhibitions
During the Conference scientific exhibitions will be held in the Foyer of
Concert Hall.
Posters
The posters will be on display during all Conference on the boards in the
Foyer of Concert Hall (2nd floor).
Projections
Speakers arc asked to hand over their slides to the room No. 3209 at least 30
min. before their session starts. Slides previewing facilities arc available.
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inherited defect of the carcinogen metabolism gene glutathione
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36. Hirvonen A, Husgvafel-Pursiancn K, Antilla S, Vanio H. The
GSTMl null genotype as a potential risk modifier for squamous
cell carcinoma of the lung. Carcinogenesis 14:1479-1481
(1993).

37. Wiencke JK, Kelsey KT, Lamela RA, Toscano WA. Human
glutathione S-transferase deficiency as a marker of susceptibility
to epoxide-induced cytogenctic damage. Cancer Res
50:1585-1590(1990).

38. Ichiba M, Hagmar L, Rannung A, Hogstedt B, Alexandrie AK,
Carstensen U, Hemminki K. Aromatic DNA adducts,
micronuclei and genetic polymorphism for CYP1A1 and
GSTMl in chimney sweeps. Carcinogenesis 15:1347-1352
(1994).
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