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Keynote Lecture

1
DNA repair systems and genetic toxicology

Miroslav Radman !2

U Université de Paris-Descartes, Faculté de Médecine,
Paris, France; * Mediterranean Institute for Life Sci-
ences, Split, Croatia

The discovery of DNA repair mechanisms has changed
the notion of genetic risk of environmental agents, or
of particular life styles, because the genotoxic impact is
dependent on the efficacy of many DNA repair systems.
Not only do the error-free constitutive and inducible
DNA repair activities decrease the impact of the initial
DNA modifications, but also the activities of inducible
error-prone DNA replication (tolerance) systems deter-
mine the final genetic consequences of such damage.
Whereas error-free DNA repair systems increase the
effective dose of genotoxic agents, the error-prone sys-
tems decrease the effective dose. Error-free systems act
to increase cell survival and decrease the genotoxic out-
come, error-prone lead also to an increase in survival but
at the expense of increased induced mutation or recom-
bination rates. Hence, the mutant organisms deficient
in error-free repair (e.g., NER and BER) are sensitive to
genotoxic agents and are hypermutable, whereas mutants
in error-prone repair are sensitive but non-mutable. We
shall compare bacterial and mammalian mutants of those
kinds.

Furthermore, some repair systems cause the cell
killing by specific lesions, e.g., the mismatch repair sys-
tem activity kills bacterial and mammalian cells treated
with simple alkylating agents (methylation or cis-platin).
Mismatch repair, and specifically the level of the MutL,
controls the frequency of chromosomal deletions medi-
ated by homologous recombination between directly
repeated sequences (M. Elez, I. Matic and M. Rad-
man, unpublished). Mismatch repair can also become
saturated by a critical level of certain kind of DNA
damage (e.g., base analogs, alkylations, etc.) having a
generalised indirect genomic genotoxic effect resulting
from the reversible mismatch repair deficient phenotype.
Some extremophile organisms, e.g., Deinococcus radio-
durans have an exceedingly efficient error-free recom-
bination repair system, but lack error-prone, mutagenic,
DNA polymerases resulting in an extraordinary resis-
tance to genotoxic agents with little or no mutagenic
consequence.

These are examples of known DNA repair systems
which profoundly modify the genotoxic consequences of
DNA damaging agents. Thus, the risk assessment must

include the diagnostic of the DNA repair systems active
in the relevant organism (e.g., humans). In other words,
risk assessment will be one day individualised just like
the general medicine.

doi:10.1016/j.toxlet.2006.06.009
Thursday, September 21, 2006

PS1 Plenary Session

2

New approaches to toxicologic mechanisms by
the application of genomics, proteomics and
metabolomics

Christopher Gerner, Olga Teufelhofer, Wolfram
Parzefall, Rolf Schulte-Hermann

Institute of Cancer Research, Internal Medicine Clinics
I, Medical University of Vienna, Vienna, Austria

Application of omics technologies in toxicological
research holds great promise as to provide novel informa-
tion about biological mechanisms from a holistic point
of view.

Direct comparison of genomics data and proteomics
data collected from the same experimental setup clearly
highlights how different genes and proteins are regu-
lated. This may be explained by the fact that proteins may
be regulated in very different ways, such as by induction
of synthesis, modifications, translocation and proteoso-
mal degradation. Here, it will be demonstrated, how pro-
teome data may accurately indicate the biological func-
tionality of a cell. We designed a combined proteome
analysis approach including metabolic labelling of cells
and tissues, subcellular fractionation, 2D gel-based sep-
aration of proteins, fluorographic and autoradiographic
protein detection and quantification in addition to shot-
gun proteomics. Protein identification was accomplished
by nano-liquid chromatographic separation of peptides
and fragmentation analysis with an ion-trap mass spec-
trometer. In addition to several in vitro human and rat
model systems, this methodology was applied to investi-
gate the proteome of in vivo rat model and human tissue
specimen. We have designed strategies to most sensi-
tively detect alterations induced by various toxicants and
directly compared in vivo-effects and in vitro-effects of
such toxicants on different cell types. Observed char-
acteristic responses of the cells may allow to design
diagnostic strategies focussing on critical pathophysi-
ological events. The strategy includes the identification
of specifically secreted proteins and induced enzymes,
which may serve as biomarkers. Secreted proteins may


dx.doi.org/10.1016/j.toxlet.2006.06.009
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directly serve as biomarkers in body fluids, while the
induction of catalytic enzyme activity may allow the
directed search for the resulting, potentially accumulat-
ing, metabolite.

doi:10.1016/j.toxlet.2006.06.010

W1 Reactive Oxygen Species in Toxicity

3
Oxidant stress and liver injury

Hartmut Jaeschke
University of Arizona Tucson, Arizona, USA

Oxidant stress is often discussed as the cause of liver cell
injury during drug- or chemical-induced hepatotoxicity.
However, many details of the mechanism remain poorly
defined. Acetaminophen (APAP) hepatotoxicity, which
is the most frequent cause of acute liver failure in the US
and UK, is used as a model to study oxidant stress and
its consequences in the liver. After APAP overdose, a
reactive metabolite is formed, which first depletes cellu-
lar glutathione (GSH) and subsequently covalently binds
to cellular proteins, especially mitochondrial proteins.
This leads to mitochondrial dysfunction with formation
of superoxide and peroxynitrite in mitochondria. The
selective mitochondrial oxidant stress and peroxynitrite
formation have three major consequences: (1) loss of
mitochondrial DNA; (2) Mitochondrial membrane per-
meability transition (MPT) pore opening and collapse
of the mitochondria membrane potential; (3) release of
endonuclease G and apoptosis-inducing factor from the
mitochondria and translocation to the nucleus where
these endonucleases cause DNA fragmentation and kary-
olysis. If enough mitochondria are affected within a hep-
atocyte, these events lead to cell death by oncotic necro-
sis. If the recovery of intracellular, in particular mito-
chondrial GSH levels is accelerated by administration of
GSH or N-acetyl cysteine after the metabolic activation
of APAP, peroxynitrite is effectively scavenged and the
loss of mitochondrial DNA, the nuclear DNA fragmen-
tation, the MPT pore opening and cell death is prevented.
On the other hand, loading of mitochondria with Vita-
min E had no protective effect. These findings indicate
that antioxidants are only effective when they are able to
scavenge specific reactive oxygen species in a particular
cellular location relevant for the individual toxicant.

doi:10.1016/j.toxlet.2006.06.011

4
Reactive oxygen from macrophages and chemical
carcinogenesis

Rolf Schulte-Hermann, Olga Teufelhofer, Wolfram
Parzefall, Constanze Freiler, Bettina Grasl-Kraupp,
Christopher Gerner

MUW, IKF Vienna, Vienna, Austria

Liver injury and inflammation are key factors in the
development of human liver cancer. Hepatocytes are
widely regarded as the primary target of toxic and car-
cinogenic chemicals. However, also Kupffer cells, the
macrophages of the liver, are important mediators of
injury and a major source of reactive oxygen in the liver.
Published reports indicate that Kupffer cells are directly
and/or indirectly activated by various chemicals includ-
ing CCly, ethanol, paracetamol, peroxisome prolifera-
tors, cadmium and arsenic. We have recently identified
nitrosamines and other carcinogens as direct activators of
Kupffer cells. Activation results in formation of superox-
ide by a specific NADPH oxidase (PHOX). In addition,
activated Kupffer cells release NO and various proin-
flammatory cytokines which contribute to chemically
induced liver injury and may affect the development of
liver cancer. We have studied the role of superoxide for
liver toxicity, genotoxicity, and tumor formation by using
P47 PHOX knockout mice which cannot produce super-
oxide by Kupffer cells and granulocytes. The results
show that these mice are largely protected from DNA
damage, cytotoxicity and protein nitration, in response
to the genotoxic carcinogen diethylnitrosamine. Effects
on liver cancer formation will be presented. Overall, the
results confirm the important role of reactive oxygen
from the hepatic microenvironment for liver injury and
tumor formation by toxic compounds.

doi:10.1016/j.toxlet.2006.06.012

5
Oxidative damage of DNA: Repair and implications

Bernd Epe

Institute of Pharmacy, University of Mainz, D-55099
Mainz, Germany

Basal levels of oxidative DNA base modifications such as
7,8-dihydro-8-oxoguanine (8-0xoG) are observed in all
types of cells, most probably due to a continuous genera-
tion of reactive oxygen species (ROS) in the cellular oxy-
gen metabolism, and it has long been suspected that they
might play an important role in the initiation of carcino-
genesis. Their repair proceeds mostly via base excision


dx.doi.org/10.1016/j.toxlet.2006.06.010
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repair (BER), which in the case of 8-0xoG is initiated
in mammalian cells by the repair glycosylase OGGI1.
Here, we show that the removal of these lesions from
the chromosomal DNA can also be accomplished by
a mechanism involving poly(ADP-ribose)polymerase-
1 (PARP1) and Cockayne syndrome B protein (CSB),
but independent of OGG1, CSA and XPC. In the liv-
ers of Oggl~'~/Csb™'~ and Oggl~'~/Parpl~'~ double-
knockout mice, the accumulation of endogenously gen-
erated oxidative purine modifications (8-0xoG) is two-
fold higher than in Oggl ™'~ mice. This effect can be
exploited to analyse the consequences of the endoge-
nous oxidative base damage for spontaneous mutagene-
sis and the initiation of carcinogenesis. In the transgenic
non-transcribed lacl gene of BigBlue Oggl~/~/Csh™/~
mice, the spontaneous mutation frequencies were found
to be nearly two-fold higher than in the same locus
in Oggl~'~ mice. Most of the spontaneous mutations
were GC — TA transversions, which are characteristic
for 8-0x0G. Treatment of the mice with the peroxysome
proliferator WY-14,643 induced preneoplastic foci, the
number of which was much higher in Oggl~/~/Csb™'~
mice than in wild-type mice.

The data indicate that (i) relatively few additional
oxidative base modifications already double the spon-
taneous mutation rates and that (ii) these spontaneous
mutations translate into increased tumour incidence if
cell proliferation is stimulated by a non-genotoxic pro-
moter.

doi:10.1016/j.toxlet.2006.06.013

6
H,0; signaling by redox modifications of cysteine
residues

Michel B. Toledano

Laboratoire Stress Oxydant et Cancer; Service de Biolo-
gie Moléculaire Systémique, DBJC, Commissariat a
I’Energie Atomique, CEA-Saclay, 91191 Gif-sur-Yvette,
France

Microbial H>O» sensors are regulators of cellular H,O;
homeostasis, being activated by oxidation when H>O;
levels increase and setting the expression of oxidant-
scavengers in response to this increase. Such regulation,
meant to prevent oxidative cellular damage has the hall-
marks of a homeostatic control. In mammals, regulators
activated by mechanisms similar to those of microbial
H,0O; sensors are being described. However, their func-
tion is to regulate cellular pathways unrelated to H,O»
metabolism. The yeast S. cerevisiae Orpl-Yapl and S.
pombe Tpx1-Papl are two-component H,O, sensors

sharing an overall common mechanism of activation.
Their regulatory component, the Yapl and Papl tran-
scription factors, are activated by reversible disulfide
bond formation. HyO»-induced oxidation of Yapl and
Pap1 is not direct involving, respectively, the thiol-based
peroxidases Orpl, a GPx-like enzyme, and Tpx1, a per-
oxiredoxin, which relay the peroxide signal by means of
a thiol-oxidation cascade. Orpl and Tpx1 are thus per-
oxide sensors and redox transducers. Pap1 but not Yap1
activation is restricted within a narrow range of HyO»
concentration. This is due to Tpx1 oxidation to an inac-
tive cysteine-sulfinic acid form, eventually reversed by
ATP-dependent reduction by sulfiredoxin. These mech-
anisms illustrate the built-in high specificity of cysteine-
based redox regulation and suggest the existence of spe-
cific pathways of cysteine oxidation.

doi:10.1016/j.toxlet.2006.06.014

7

A toxicogenomics approach for risk assessment of
glutathione depletion and oxidative stress-induced
nongenotoxic hepatocarcinogenesis in the rat liver

Takeki Ueharal, Naoki Kiyosawal, Atsushi Ono!,
Toshikazu Miyagishimal, Tetsuro Urushidani!, Taku
Nagao 2

! Toxicogenomics Project, National Institute of Biomed-
ical Innovation, Japan; * National Institute of Health
Sciences, Japan

In Japan, National Toxicogenomics Project has been on
going, where National Institute of Health Sciences and
15 pharmaceutical companies had a 5-year collabora-
tive research from 2002. Now, we are constructing a
large-scale toxicogenomics database, which consists of
gene expression data on the rat liver, kidney, or rat and
human hepatocytes using Affymetrix GeneChip and con-
ventional toxicology data about 150 chemicals, in order
to predict the toxicity of new chemicals in the early stage
of drug development. Oxidative stress arisen from glu-
tathione depletion in the hepatocyte has been proposed as
a major mechanism of action for hepatotoxicity caused
by drug overdosing, possibly including participation in
nongenotoxic carcinogenesis. This report presents one
of the toxicogenomics approaches for risk evaluation
of glutathione depletion and oxidative stress-induced
nongenotoxic hepatocarcinogenesis in the rat liver by
using toxicogenomic biomarker sets. At first, we selected
a total number of 130 glutathione depletion-responsive
genes whose expression profile showed inverse correla-
tion with the hepatic glutathione content in the phorone-
treated rat liver. The expression of these genes was


dx.doi.org/10.1016/j.toxlet.2006.06.013
dx.doi.org/10.1016/j.toxlet.2006.06.014
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markedly altered by treatment with well-known oxida-
tive stressors, such as acetaminophen, bromobenzene,
thioacetamide, methapyrilene and coumarin. This result
indicated that these genes would be useful for evalua-
tion of drug-induced hepatic glutathione depletion from
microarray data. In the next step, we identified a classifier
of 112 genes by a supervised analysis, namely Prediction
Analysis for Microarrays, that yielded the greatest pre-
dictive accuracy of over 95% in classifying the presence
or absence of hepatocarcinogenicity. DNA damage and
cell cycle regulation as the sign of regeneration by sus-
tained oxidative stress were common characteristics of
the oxidative stress-mediated nongenotoxic hepatocar-
cinogenesis. Our large-scale toxicogenomics database
would be invaluable for toxicologists as a resource
of candidate toxicogenomic biomarker sets to be
identified.

doi:10.1016/j.tox1et.2006.06.015

8

Identification of genes and proteins associated with
trans, trans-2,4-decadienal induced oxidative stress
in human bronchial epithelial cells

Pinpin Lin 1 Louis W. Chang 1 Pao-Chi LiaoZ2, Hsin-
Yi Wu?2, Yu-Chang Tyanz, Hui-Ti Tsai !

I National Health Research Institutes Zhunan, Taiwan;
2 National Cheng Kung University, Taiwan

Trans, trans-2,4-decadienal (t--DDE), a specific type of
dienaldehydes, is abundant in heated oils or cooking oil
fumes. Ingestion of heated oils and exposure to cook-
ing oil fumes has been suggested to have great health
impact in variety of organs, including lung. We demon-
strated that long-term treatment with #-DDE increased
cell proliferation and cytokines secretion via oxidative
stress in human bronchial epithelial cells BEAS-2B. Fur-
thermore, these effects were prevented by co-treatment
with anti-oxidants N-acetylcysteine (NAC) and Vita-
min C. Utilizing the proteomic techniques, the objec-
tive of this study was to identify protein biomarkers
associated with #-DDE-induced oxidative stress and
cytotoxicity in human bronchial epithelial cells BEAS-
2B. Treatment with #-DDE for 48 h dose-dependently
reduced cell viability in human BEAS-2B cells, butnotin
lung cancer cell lines. Co-treatment with antioxidant N-
acetylcysteine tremendously reduced #-DDE-induced in
BEAS-2B cells. Protein extracts from DMSO or #+-DDE
treated cells were separated on 2D gel and differentially
expressed proteins were identified by mass spectrome-

try. A total of 30 proteins with known functions were
identified.

doi:10.1016/j.toxlet.2006.06.016
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9
An overview of Italian studies of Mediterranean diet
and cancer

Carlo La Vecchia -2

Ustituto di Ricerche Farmacologiche “Mario Negri”,
Milano, Italy; 2 Istituto di Statistica Medica e Biometria,
Universita di Milano, Milano, Italy

Various aspects of the Mediterranean diet are consid-
ered to have a favourable effect on several common
epithelial cancers. These aspects were analyzed using
data from a series of case—control studies conducted in
Northern Italy on over 12,000 cases of several major
cancer sites and 10,000 controls. For most digestive
tract cancers, the risk decreased with increasing veg-
etable and fruit consumption, with relative risks (RR)
between 0.3 and 0.7 for the highest versus the lowest ter-
tile, and the population attributable risks for low intake
of vegetables and fruit ranged between 15% and 40%. A
number of antioxidants and other micronutrients showed
an inverse relation with cancer risk, but the main compo-
nents responsible for the favourable effect of adietrich in
vegetables and fruit remain undefined. Fish tended to be
another favourable diet indicator. In contrast, subjects
reporting frequent red meat intake showed RRs above
unity for several neoplasms. Whole grain food intake
was related to reduced risk of several types of cancer,
particularly of the upper digestive tract. This may be
due to a favourable role of fibre, but the issue is still
open to discussion. In contrast, refined grain intake and,
consequently, glycaemic load and index were associated
with increased risk of different types of cancer, includ-
ing digestive tract and hormone-related ones. Further,
olive oil, which is a typical aspect of the Mediterranean
diet, has been inversely related to cancers of the colorec-
tum and breast, and mainly of the upper digestive and
respiratory tract neoplasms.

doi:10.1016/j.tox1et.2006.06.017
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10
Molecular aspects of hepatic ethanol metabolism and
toxicity as modulated by dietary factors

Magnus Ingelman-Sundberg

Section of Pharmacogenetics, Department of Physiology
and Pharmacology, Karolinska Institutet, Stockholm,
Sweden

Ethanol metabolism is to the main part catalysed by ADH
and to a minor part by the ethanol-inducible CYP2EI.
All together there is no significant induction of hep-
atic metabolism by the alcohol. Continuous infusion of
ethanol into rats causes fluctuating ethanol concentra-
tions with peaks at about every 6 days. Although some
ethanol radicals are formed in the liver, the main toxic
consequence of ethanol metabolism is oxidative stress
to a great part exerted through the induction of CYP2E1
which can form a high extent of free oxy radicals in the
perivenous area of the liver. This causes activation of
Kupffer cells leading to a cascade of proinflammatory
cytokines which in turn can activate Stellate cells for
production of collagen and also cause a subsequent dif-
ferentiation into myofibroblasts. Protection from ethanol
induced liver injury is obtained by agents that inhibit the
action of Kupffer cells and proinflammatory cytokines.
In addition the toxicity is to a great extent reduced at least
in animal models, by agents exerting antioxidant proper-
ties in the liver. The lecture will provide with an updated
review in the field with emphasis on the action of nutri-
tional factors and mechanisms behind ethanol induced
hepatotoxicity.

doi:10.1016/j.toxlet.2006.06.018

11
Genetic and nutritional aspects of alcohol initiated
organ damage

Felix Stickel, Helmut K. Seitz

Department of Clinical Pharmacology, University of
Berne, Switzerland

Chronic alcohol consumption causes organ dysfunction
through various mechanisms. Among these, malnutri-
tion caused by interactions with micro- and macronu-
trients is highly important. Interactions with lipid
metabolism result in dyslipidemia, truncal obesity,
and fatty liver. Enhanced oxidative stress through
increased lipid peroxidation may lead to liver fibro-
sis. Thiamine deficiency represents a nutritional emer-
gency situation among heavy drinkers potentially pre-
cipitating Wernicke—Korsakoff encephalopathy. Folate

metabolism is markedly impaired by chronic alcohol
ingestion via poor dietary intake, decreased intestinal
uptake, aberrant hepatic storage, altered methylation,
and increased urinary excretion. This may ellicit macro-
cytosis, defective one-carbon metabolism, decreased
methylation capacity, reduced antioxidant defense, and
changes in epigenetic control of genes involved in
alcohol-mediated cocarcinogenesis. Heavy drinkers fre-
quently present severe Vitamin A deficiency. Clinically
important are resulting night blindness, reproductive
insufficiency, and retinoid effects on cell proliferation
and differentiation. Recently, polar retinoid metabolites
generated through oxidative metabolism of retinoids via
alcohol-induced cytochrome P450 2 E1 were found to
precipitate hepatocyte apoptosis by causing mitochon-
drial damage.

Severe liver damage develops in only a minority of
heavy drinkers and evidence from twin studies indi-
cate that genetic factors account for at least 50% of
individual susceptibility. The contribution of genetic fac-
tors to the development of diseases may be investigated
either by means of animal experiments, through linkage
studies in families of affected patients, or population
based case—control studies. With regard to the latter,
single nucleotide polymorphisms of genes involved in
the degradation of alcohol, antioxidant defense, necroin-
flammation, and formation and degradation of extra-
cellular matrix are attractive candidates for studying
genotype—phenotype associations.

However, many associations in early studies were
found to be spurious and could not be confirmed in
stringently designed investigations. Therefore, future
genotype—phenotype studies in alcoholic liver disease
should meet certain requirements in order to avoid pure
chance observations due to a lack of power, false func-
tional interpretation and insufficient statistical evalua-
tion.

doi:10.1016/j.toxlet.2006.06.019
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Alcohol promoted mammary cancer—-mechanistical
studies and potential preventive effects of dietary
phytochemicals

Jose A. Castro

Centro de Investigaciones Toxicologicas (CEITOX),
CITEFA-CONICET. Juan B. de La Salle 4397,
B1603ALO Villa Martelli, Buenos Aires, Argentina

There is abundant evidence in literature about chronic
alcohol (ethanol) consumption associated with an
increased risk of breast cancer even if consumed in


dx.doi.org/10.1016/j.toxlet.2006.06.018
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moderate doses. However, the biological and molecular
mechanisms mediating this association remain unknown
and speculative. Several studies support the hypothe-
sis that ethanol use may increase breast cancer risk at
least partially through an increasing effect in sex steroid
levels and increases in cell division. Under this assump-
tion, the nature of the mutational events responsible for
the initiation step of the process would remain unclear.
Recent results from our and other laboratories showed
that effects of ethanol in the process may not necessarily
be only indirect. For example, our laboratory recently
demonstrated that rat mammary cytosolic xanthine oxi-
doreductase (XOR) is able to bioactivate ethanol to
acetaldehyde and free radicals and that the microso-
mal fraction exhibited a lipoxygenase (LO) — peroxidase
like mediated enzymatic pathway for the metabolism of
ethanol to acetaldehyde. We also showed that repetitive
ethanol drinking enhanced the activity of both, the XOR
and the LO mediated metabolic pathways and promoted
oxidative stress in mammary tissue. In addition, other
laboratories reported the presence in mammary tissue of
some type I alcohol dehydrogenase and of CYP2EI. In
the studies of our laboratory we also showed that each
one of those activation processes can be inhibited by
small concentrations of phytochemicals present in food.

In summary, the available results suggest that dif-
ferent pathways of ethanol metabolism to the mutagen
acetaldehyde present in mammary tissue; the promotion
effect of oxidative stress and the proliferative action of
estrogens might be involved in ethanol induced mam-
mary cancer. Known inhibitory actions of some phy-
tochemicals on each of these processes might have a
preventive potential which deserves to be explored.

Supported by grants from ANPCyT-SECyT (PICT
05-6045) and from UNSAM (PIB S05/03).

doi:10.1016/j.toxlet.2006.06.020

13
The protective effects of moderate red wine consump-
tion

Alan Crozier

Institute of Biomedical and Life Sciences, University of
Glasgow, Glasgow GI12 8QQ, UK

Red wine is a rich source of a wide range of pheno-
lic compounds derived from the seeds, skin and flesh
of black grapes. These include anthocyanins, flavan-3-
ol monomers and polymers, flavonols, hydroxycinna-
mates, phenolic acids and stilbenes as well as some
anthocyanin-flavan-3-ol complexes which form during
maturation of the wine. The nature of these compounds

will be discussed along with information on which con-
tribute to the high antioxidant capacity of red wines. The
fate of some of these compounds in the body follow-
ing ingestion will be covered along with a summary of
the evidence from a variety of sources for the protective
effects of moderate red wine consumption.

doi:10.1016/j.toxlet.2006.06.021
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Introductory overview on mechanisms of
organophosphate toxicity and detoxication with
emphasis on studies in Croatia

Elsa Reiner !, Zoran Radi¢?2, Vera Simeon-Rudolf!

UInstitute for Medical Research and Occupational
Health, Zagreb, Croatia; 2UCSD, La Jolla, CA 92093,
USA

Organophosphates (OP) are highly toxic compounds that
are used as pesticides, drugs, and also as warfare nerve
agents. Cholinesterases (acetylcholinesterase, AChE,
and butyrylcholinesterase, BChE) and phosphoric tri-
ester hydrolases (paraoxonase, PON, and DFPase) are
involved in the toxicity and detoxication of these agents.
AChE and BChE are inhibited by OPs, while PON and
DFPase hydrolyse OPs. The molecular structure of these
enzymes and their mechanisms of interaction with OPs
have by-and-large been resolved and generally under-
stood. Present studies are mainly directed towards details
concerning enzyme structure, role of individual residues
in the enzyme interaction with OPs, search for effective
antidotes and decontaminating agents against OPs, and
developing methods to identify OPs in humans and in
the environment.

Studies in Croatian laboratories have comprised sev-
eral approaches relevant for the toxicity of OPs. Due to
individual differences in the susceptibility to OPs, and
to some other pharmacologically active compounds, the
catalytic properties and distribution profiles of BChE
and PON variants were analyzed in healthy population
groups in Croatia. Activities and distribution profiles of
variants were also analyzed in relation to certain dis-
eases. Over several decades, about 150 compounds were
synthesised and tested (on rodents) as antidotes, partic-
ularly against the warfare agents Sarin, Soman, Tabun,
and VX. These compounds contained pyridinium, imi-
dazolium or quinuclidinium moieties with one or two
oxime groups, and some achieved a satisfactory ther-
apeutic effect as compared to the conventional anti-
dotes. The kinetics of in vitro reactivation of phosphy-
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lated cholinesterases and the protection of the enzyme
against inhibition by OPs was studied. Reaction mod-
els concerning binding of reversible ligands (including
oximes) to the catalytic and/or allosteric enzyme sites
were proposed and tested. Several methods for measur-
ing cholinesterase activities in human blood were vali-
dated and recommended as field methods for assessing
OP absorption. Quality control studies for measurement
of BChE activities and for identifying BChE variants
were conducted, and introduced in several clinical labo-
ratories in Croatia.

doi:10.1016/j.toxlet.2006.06.022
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Neurodegeneration involving neuropathy target
esterase (NTE)

Paul Glynn
MRC Toxicology Unit, University of Leicester, UK

In various animals, including man, certain organophos-
phates (OP) induce delayed neuropathy with paralysis
and long nerve degeneration. Neuropathic OPs react
covalently with NTE. However, in mice, these same OPs
cause no clinical signs of neuropathy and only minimal
histopathological changes. By contrast, ethyloctylphos-
phonofluoridate — a highly potent NTE inhibitor —
causes severe subacute neurotoxicity and extensive brain
oedema in mice. Finally, genetic deletion of NTE from
mouse neural cells causes a progressive neurodegenera-
tion. Data will be presented which address the question:
are all these diverse syndromes caused by inactivation
of NTE?

doi:10.1016/j.tox1et.2006.06.023
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3D structure of mammalian paraoxonase at 2.2 A res-
olution

Joel Sussman, Amir Aharoni, Michal Harel, Leonid
Gaidukov, Boris Brumshtein, Olga Khersonsky, Shai
Yagur, Lilly Toker, Israel Silman, Dan Tawfik

Weizmann Institute of Science, Department of Structural
Biology, Rehovat, Israel

Members of the serum paraoxonase (PON) family
display a wide range of physiologically important
hydrolytic activities, including drug metabolism and
detoxification of nerve agents. PON1 and PON3 reside
on high-density lipoprotein (HDL, ‘good cholesterol’)
and are involved in the prevention of atherosclerosis. We
describe the first crystal structure of a PON family mem-

ber, a directly evolved variant of PON1, at a resolution
of 2.2 A. PONT1 is a six-bladed B-propeller with a unique
active-site lid that is also involved in HDL binding.
The three-dimensional structure and directed evolution
studies permit a detailed description of PON1’s active
site and catalytic mechanism, which are reminiscent of
secreted phospholipase A2 and squid DFPase, and of the
routes by which PON family members diverged toward
different substrate and reaction selectivities.

doi:10.1016/j.toxlet.2006.06.024
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Acetylcholinesterase: emergence from a vulnerable
target to a template for antidote and detection devel-
opment

Palmer Taylor 1 Zrinka Kovarik 2, Elsa Reiner?, Zoran
Radi¢!

1 University of California, San Diego, USA; 2 Institute
for Medical Research and Occupational Health, Zagreb,
Croatia

Applications of recombinant DNA technology, chemi-
cal synthesis on biological templates and high through-
put detection provide unexplored avenues for devel-
opment of antidotes and arenas for remote detection
for exposure to organophosphate nerve agents and pes-
ticides. Our research strategy is based on modifying
acetylcholinesterase (AChE), the very target of toxi-
city, so that it serves in antidotal therapy and as a
remote detection sensor. We discuss here how acetyl-
cholinesterase, through appropriate mutations, becomes
more susceptible to oxime reactivation. Since the reac-
tion between organophosphate and the mutated enzyme
remains rapid, regeneration of active enzyme by oxime
becomes the rate-limiting step in the process to com-
plete a catalytic cycle for generation of active enzyme.
Accordingly, “Oxime-assisted Catalysis” by AChE pro-
vides a potential means for catalyzing the hydroly-
sis of organophosphates in the plasma prior to their
reaching their cellular target site. In turn, AChE, when
conjugated with organophosphate, can be employed
as a template for ‘click chemistry’ synthesis of new
nucleophilic reactivating agents that could potentially
prove useful in reactivation at the target site as well
as in catalytic scavenging. Finally, substituted acetyl-
cholinesterase molecules can be conjugated to flu-
orophores giving rise to shifts in emission spectra
for detection of exposure to organophosphates. Since
reagents do not have to be added to detect the fluores-
cence change, the modified enzyme would serve as a
remote sensor.
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Supported by UO1-ES010337 and R37-GM 18360 from
the National Institutes of Health.
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Neuromuscular function and acetylcholinesterase
activity in OP poisoning

Horst Thiermann !, Ladislaus Szinicz!, Peter Eyerz,
Thomas Zilker3, Franz Worek !

' Bundeswehr Institute of Pharmacology and Toxi-
cology, Munich, Germany; * Walther-Straub-Institute
of Pharmacology and Toxicology, Munich, Germany;
3 Toxicological Department of 2nd Medical Clinic, Tech-
nical University, Munich, Germany

The most important toxic mechanism in poisoning by
organophosphorus compounds (OP) is inhibition of ace-
tycholinesterase (AChE), leading finally to death due
to respiratory arrest. The disturbance of physiologi-
cal functions at the level of muscarinic receptors may
be antagonized competitively by antimuscarinics as
atropine. However, at the respiratory muscle, namely the
diaphragm, nicotinic transmission dominates, calling for
other strategies, e.g. reactivation of inhibited AChE, to
cope with paralysis.

For this purpose, oximes were introduced in therapy
about 50 years ago. Although good effectiveness was
demonstrated in vitro and in animal studies, their use in
human therapy is a matter of debate until now. Such a dis-
pute calls for unravelling the reasons for this ambiguous
judgement.

In numerous experimental assays it was shown that
several oximes are able to reactivate AChE inhibited by
several OPs. However, it has to be taken into account that
oxime effectiveness is dependent on the oxime itself, the
respective OP and its post-inhibitory reactions (ageing,
spontaneous reactivation), as well as on the presence of
OP. By using the phrenicus-diaphragm preparation of
the mouse, it could be shown that obidoxime was able
to reactivate muscle AChE inhibited by paraoxon and to
restore muscle force when the poison load was not too
high. An increase in muscle AChE-activity was associ-
ated with an increase in muscle force and almost com-
plete recovery of neuromuscular transmission at AChE
levels higher than 40% of control. To assess whether
similar effects can be observed in OP-poisoned patients,
valuable information have to be extracted from indi-
vidual clinical cases. To this end, the clinical course
of poisoning as well as effectiveness of antidotal ther-
apy were investigated in patients with need of artificial
ventilation being treated with atropine and obidoxime.

The analysis revealed that sufficient reactivation of OP-
inhibited non-aged AChE was possible, if the poison
load was not too high and the effective oxime con-
centrations were administered early and long enough.
When RBC-AChE-activity was higher than some 30%,
neuromuscular transmission was undisturbed indicating
absence of nicotinic signs and symptoms.

Accordingly, oximes at appropriate doses, should be
given as early as possible and as long as reactivation
may be expected. Furthermore, investigation of neuro-
muscular transmission during OP-poisoning should be
included in clinical routine programmes to monitor the
course of OP-poisoning. Finally, it was concluded that
low atropine dosing (several milligrams) should be suf-
ficient to cope with muscarinic symptoms during oxime
therapy.

doi:10.1016/j.toxlet.2006.06.026
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Exposure to methylmercury due to consumption of
fish in the Mediterranean

Milena Horvat, Darija Gibicar
Jozef Stefan Institute, Ljubljana, Slovenia

Daily intakes and retention of mercury from food is gen-
erally difficult to estimate accurately. In most food stuffs
Hg concentration is below 20 ng/g. Mercury is known to
bioconcentrate in aquatic organisms and it is biomagni-
fied in aquatic food webs. For example, mercury in small
fish is normally bellow 100 pg/kg, while in sward fish,
shark and tuna values frequently exceed 1200 pg/kg.
For that reason, it is generally assumed that population
groups dependent on fish protein intake are exposed to
higher Hg intake.

There are a number of studies carried out at the
national level to estimate daily intakes of toxic sub-
stances. In case of mercury the main problem is that these
reports provide data on total mercury concentrations and
the percentage of Hg as monomethylmercury (MeHg) is
not known. In some surveys the percentage of Hg orig-
inating from fish is provided and it is assumed that the
percentage of Hg as MeHg is from 60% to 90%. There-
fore fish and fish products represent the major source of
MeHg to general population. However, in Hg contam-
inated sites other food produced in contaminated soil
may also contribute considerably to intake of inorganic
Hg and MeHg. The Mediterranean region is well known
for the elevated presence of Hg due to natural sources. A
number of Hg mines were operational for centuries, fos-
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sil fuel exploitation (such as oil and natural gas, where
Hg is present as a by-product) is also one of the impor-
tant reason for mercury emissions into the environment.
In such regions co-exposure of inorganic Hg and MeHg
may occur.

The paper will address the outcomes of studies on
mercury in fish carried out in the Mediterranean region
and compare them with other oceans of the world. Apart
from the literature data, the main source of data pre-
sented will obtained through Regional Seas Programme
of UNEP and the International Atomic Energy Agency.
In particular, the Long-term Programme for Pollution
Monitoring and Research in the Mediterranean Sea
(MED POL) carried out by the Mediterranean Action
Plan (MAP) of UNEP through its various phases since
1975 up to now will be presented. This also includes
the data management through UNEP-MAP and various
studies carried out by the World Health Organization in
the period from 1982 to 1988 as well as recent national
studies (2000-2005) carried out in Northern Italy and
Greece where mercury intakes and consequently ele-
vated Hg concentrations were reported.

doi:10.1016/j.tox1et.2006.06.027
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Health effects of inorganic mercury

Lars Barregard

Salgrenska University Hospital and Academy, Goten-
berg, Sweden

The most common exposure to inorganic Hg is by inhala-
tion of mercury vapour (Hg®) in occupational settings
or from dental amalgam fillings. Low-level exposure
occurs via Hg® in ambient air, and inorganic Hg in the
diet. Exposure to methyl mercury (MeHg) results in
some inorganic Hg, since MeHg is demethylated in vivo.
Exposure is usually assessed using urinary Hg excretion.
Typical mean U-Hg levels in the general population of
Europe and the US are 0.5-2 pg/g creatinine (ug/gC).

The major target organs for inorganic Hg are the
central nervous system (CNS) and the kidneys. In the
CNS, high exposure causes unspecific symptom, emo-
tional changes, memory loss, and tremor. After short-
term exposure these effects are generally reversible,
but persisting CNS damage may occur after long-term
exposure. As for the kidney, immunologically mediated
nehpritis is rare. Much more common is the effect on
renal tubules with an increase in urinary enzymes or low
molecular weight proteins. This early effect is generally
reversible and not necessarily adverse.

Recent advances in knowledge are the reports of the
growing impact of gold mining on exposure to Hg’
with adverse health effects at heating of gold—mercury
amalgam in South America and Asia. For the general
population in Europe and the US, high exposure to Hg”
from dental amalgam has been shown in long-term chew-
ing gum users. In contrast, a large EU-funded project
(EMECAP) showed that the contribution of Hg0 from
air around chloralkali plants is small.

In low-level exposed Norwegian and Swedish chlo-
ralkali workers reversible effects on renal tubules were
recently found at exposure levels of only 10-15 g/gC.
There are also effects on selenium metabolism and on
the thyroid (inhibition of Se-containing deiodinase),
although probably not adverse. Low Se populations may
be more vulnerable regarding renal effects of mercury.
Some US studies indicate that dentists with very low
U-Hg may suffer subtle CNS effects, but this was not
confirmed by others. It has been proposed that certain
polymorphisms (e.g. CPOX4) could affect the sensitiv-
ity of CNS to effects of mercury.

Two high-quality epidemiological studies on low-
level exposure to Hg? were presented this year. More
that 1000 children in the US and Portugal were followed
for 5-7 years after placement of amalgam or compos-
ites, in controlled randomized clinical trials. No effects
of amalgam could be shown on the CNS (neurobehav-
ioral tests) or kidneys (microalbuminuria).

doi:10.1016/j.tox1et.2006.06.028
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Mercury exposure in the Amazon, Brazil: Contribu-
tions from health studies

Volney de M. Camara ! Elizabeth Santos?

! Federal University of Rio de Janeiro,Rio de Janeiro,
Brazil; % Evandro Chagas Institute, Brazil

This is presenting some studies developed by UFRJ
and IEC. A study on Hg exposure levels in 3020 new-
borns (NB) and mothers from Itaituba, Para showed:
mercury mean in mothers’ blood 11.53 pg/L and the
16.68 pg/L for newborns. The correlation between the
Hg concentration in newborn and mothers was strongly
positive (r=0.8019; p=0.000). A comparative research
on indoor mercury exposure (n=2365) pointed 13 indi-
viduals presenting mercury urine levels up to 86.0 pg/L.
A research project for preventing indoor burning of
mercury—gold amalgams decreased urinary Hg in res-
idents from 2.90 to 1.49 pg/L. Researchers in four river-
ine communities not impacted by goldmining suggested
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a higher background Hg concentration in the Amazon.
Mean Hg hair reached 45.59 pg/g for 203 inhabitants
from Caxiuana and Hg concentration in carnivorous
fishes varied from 0.006 to 2.529 pg/g.

There are a still a limited number of health effect stud-
ies. A thesis pointed higher Hg concentrations in riverine
exposed community (S0 Luiz dos Tapajés) than not
exposed riverine community (Aldeia) and association
between symptoms versus mercury in hair. A compar-
ative cross-sectional study was performed for investi-
gating a battery of neurological development tests in
two groups of 209 riverine children (exposed and less
exposed) from 3 to 7 years old. Both groups showed a
high proportion with “non-normal” performance, sug-
gesting that this type of test (possibly other) presented
limitations for use with Amazon communities due to cul-
tural and educational reasons. Also important to empha-
size that Hg exposure imposes multiple ecological, ento-
mological and social impacts in the Amazon ecosystem,
increasing some diseases, such as malaria.

Efforts should make for poverty reduction, malaria
control, the empowerment of isolated river based pop-
ulations, decrease mining exposure, etc. Health studies
should discuss how the presence of selenium, consump-
tion of fruits, Omega 3 PUFA and the genetic Amazon
pattern, among others, could act as a protective agent
against the toxicity of Hg in the Brazilian Amazon.
Cohort (retrospective/prospective) study must be devel-
oped to observe possible changes on the pattern of mer-
cury exposure and health effect.

doi:10.1016/j.toxlet.2006.06.029
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Human health effects from exposure to methylmer-
cury from seafood

Philippe Grandjean

Institute of Public Health, IPH Research Unit of Envi-
ronmental Medicine, University of Southern Denmark,
Odense, Denmark

Environmental exposure to methylmercury originates
from seafood and freshwater fish. Several prospective
studies have assessed neurobehavioral deficits associ-
ated with prenatal exposures from the maternal diet dur-
ing pregnancy, while studies in adults have focused on
cardiovascular functions and mortality. All of these stud-
ies have strengths and weaknesses. One major issue is
exposure assessment, which should ideally reflect the
dose accumulated in the target organ, at the time of
greatest susceptibility. Effect outcomes are generally
non-specific and therefore susceptible to confounding,

and their sensitivity to methylmercury toxicity must
be considered in the light of long-term health conse-
quences. These issues will be illuminated from data
obtained in prospective studies of birth cohorts from
the Faroe Islands. Exposure information was gathered
from dietary questionnaires, and from mercury analy-
sis of umbilical cord blood, cord tissue, maternal hair,
and postnatal samples from the child. Clinical exami-
nations have included neuropsychological tests, neuro-
physiological parameters, and cardiovascular functions.
Standard statistical analysis of such data assumes that
the exposure has been measured without any impreci-
sion. Although imprecision can be included in sensitivity
analyses, knowledge has been missing about the actual
level of imprecision. Random or non-directional impre-
cision will tend to bias a dose—effect relationship toward
the null hypothesis. We used structural equation model
analysis to assess the imprecision of the major expo-
sure biomarkers. Although the analytical imprecision
is about 5% (coefficient of variation), we found that
total imprecision of the cord—blood mercury concentra-
tion was 25-30%, and that of hair-mercury was about
twice as high. In agreement with these findings, regres-
sion analyses showed that the cord blood concentration
was the best predictor of methylmercury-associated neu-
ropsychological deficits, and that correlations with hair
mercury concentrations were weaker. Adjustment for
confounders needs to take into account the beneficial
effects of seafood, which may mask the adverse effects of
methylmercury, and the possible effect of other seafood
contaminants, such as polychlorinated biphenyls. The
overall findings suggest that subtle adverse effects exist
atlow levels of exposure, and they support the conclusion
of the European Food Safety Authority, that exposures
to methylmercury should be minimized.

doi:10.1016/j.toxlet.2006.06.030
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The effects of As(III), Cu(Il) and Hg(II) on the
expression of MRP-transporters in long-term cul-
tures of normal human bronchial epithelial cells

Felix Glahn!, Michaela Jambor', Abdel W Torky ',
Ekkehard Stehfest!, Stefan Hofmann 2, Heidi Foth !

UInstitute of Environmental Toxicology Halle/Saale,
Germany; ? Cardio-Thoracic Surgery Halle/Saale, Ger-
many

Human lung has to cope with exposure to low doses
of heavy metals from various sources and the chronic
uptake might lead to adaptation. As multidrug resistance
associated proteins (MRP) transport a wide range of
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substrates including some glutathione—metal complexes
they might protect cells by extrusion of metal com-
plexes. The ubiquitously expressed mammalian ABC-
halftransporter (UMAT) has high sequence similarity to
the fisson yeast heavy metal tolerance protein hmtl1, thus
it is assumed to be involved in metal ion homeostasis.

We had the rare opportunity to conduct long-term
experiments with primary cultures of NHBEC from three
patients (B182/1, B201/1, B222/1) which we incubated
with As(IIT), Cu(Il) and Hg(II) in concentrations proven
to be non-toxic in the MTT-assay before. Cells were cul-
tivated for 6 weeks in the presence of the investigated
metals and RNA was isolated after each splitting. The
expression of different MRP-isoforms and UMAT was
determined by real-time RT-PCR.

The first week of treatment with As(III) down-
regulated MRP1 (0.5-fold), MRP3 (0.6-fold; p<0.01)
and MRP4 (0.6-fold; p<0.05) in B201/1. In cultures
derived from B182/1 treatment with As(III) led to an
up-regulation of MRP3 (1.3-fold), MRP4 (1.8-2-fold)
and MRP5 (2.3-fold). After the second week of treatment
with As(III) the expression of MRP1 (0.4-fold; p < 0.01),
MRP3 (0.5-fold; p <0.01; 2.5 uM), MRP4 (0.4-fold) and
MRP5 (0.5-fold) was decreased in B201/1. In the cul-
tures derived from B182/1 MRP1 was down-regulated
significantly (0.75-fold, p<0.05). The first week of
incubation with Cu(Il) significantly down-regulated the
expression of MRP1 (0.6-fold; p<0.05) in B201/1.
In B182/1 incubation with Cu(Il) slightly increased
expression of MRP3. Incubation (5 days) of NHBEC
B201/1 with Hg(II) significantly down-regulated MRP1-
expression (0.5-fold; p<0.01; 2.5 uM), whereas in
B182/1 Hg(I) increased expression of MRP3 signif-
icantly (2.1-fold, p<0.05). Comparing the results of
cultures derived from different patients clear inter-
individual differences in the reactions to As(III), Cu(II)
and Hg(II) become obvious.

Supported by Philip Morris External Research 2002 Pro-
gram.

doi:10.1016/j.toxlet.2006.06.031
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Evaluation of biomarkers of exposure and effects of
mercury using machine-learning methods

Zenko?,
Dzeroski 2, Vesna Fajon 1

Darija Gibicar!, Dragi Kocev?2, Bernard
Milena Horvat!, Saso

Barbara Mazzola3

Unstitute “Jozef Stefan”, Department of Environmen-
tal Sciences, Jamova 39, 1000 Ljubljana, Slovenia;
2 Institute “Jozef Stefan”, Department of Knowledge
Technologies, Ljubljana, Slovenia; 3 Scuola Superiore
Sant’Anna, CRIM Laboratory, Pisa, Italy

During the EU funded project European Mercury Emis-
sions from Chlor Alkali Plants (EMECAP) we evalu-
ated the exposure to mercury in subjects living close
to the mercury cell chlor-alkali (MCCA) plant and in
occupationally exposed MCCA workers, compared to
controls from the reference areas. Beside urinary mer-
cury as a biomarker of exposure also biomarkers of
effect were assessed: albumin, alpha-1-microglobuline
(A1M) and N-acetyl-beta-D-glucosaminidase (NAG) in
urine as indicators of kidney function damage and 8-
hydroxydeoxyguanine (8-OH-dG) in urine as an indi-
cator of DNA damage. In addition selenium in urine
was analysed because of its known antioxidant protective
role.

The dataset consisted of total 269 subjects: 57 chlor-
alkali plant workers, 94 subjects living in 1.5 km diam-
eter from the chlor-alkali plant, and 118 controls living
20 km south of the plant. All subjects completed a ques-
tionnaire about the location of their residence and work-
place, occupational history including possible exposure
to mercury, the number of teeth with amalgam fillings,
as well as consumption of various types of fish, smoking
habits, consumption of vegetables from their backyard
gardens and questions connected to their medical history.
Subjects with kidney diseases, diabetes, hypertension or
extreme levels of creatinine were excluded from the data
analysis.

We used one-way ANOVA to evaluate the differences
between the groups in all observed parameters. In order
to find associations between the attributes, machine-
learning methods were used. We used WEKA’s model
trees and regression trees, which were validated using
10-fold cross-validation.

Results have shown significantly higher concentra-
tions of mercury and NAG in the urine of chlor-alkali
workers and lower concentration of their urinary sele-
nium, compared to the subjects living close to the MCCA
and the controls.
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Urinary mercury was positively associated with num-
ber of teeth with amalgam fillings and negatively asso-
ciated with age of the subjects and working years in the
plant. Associations between A1M and NAG concentra-
tions, teeth with amalgam fillings and urinary selenium
were found.

doi:10.1016/j.tox1et.2006.06.032
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Toxicity of automotive fine and ultrafine particles

F.R. Cassee

National Institute for Public Health and the Environ-
ment, Bilthoven, The Netherlands

Ambient particulate matter (PM) has been linked with
augmentation of respiratory and cardiovascular diseases
and increased mortality rates. In particular diseased peo-
ple (e.g. asthmatics) and elderly are at increased risk.
Traffic exhaust, but also wood smoke has been suggested
to contribute in particular to these health effects. The
wealth of recent toxicological studies provides sufficient
plausibility to explain the modes of action and underly-
ing mechanism of these health effects. However, there
has been little or at least conflicting evidence that the
toxic effects also occur at lower, closer to ambient levels
of PM. In addition, toxicology has shown that at an equal
mass basis PM from different places or sampled at dif-
ferent seasons have different toxic properties. It has also
been shown that size matters: particles <0.1 um seem to
be more toxic than larger, yet still inhalable particles.
There is evidence for source specific particle toxicity.
The currently dominated discussion relates to combus-
tion type particles resulting from various sources such
as traffic (gasoline and diesel engine exhaust, lubrica-
tion oil, tire and brake ware dust). Besides that there is
evidence that mineral dusts re-dispersed from, e.g. road
surfaces express different toxic potentials. Even though
there still are admitted gaps of understanding, the general
principle of induction of the viscous circle of oxidative
stress and inflammation provides a reasonable causal-
ity of almost all respiratory and cardiovascular diseases
associated with PM exposure. This paper will review
recent toxicological information on traffic related ambi-
ent PM.

doi:10.1016/j.toxlet.2006.06.033
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School children’s exposure to ambient air pollution
in Bangkok, Thailand

Mathuros Ruchirawat

Chulabhorn Research Institute, Bangkok 10210, Thai-
land

Urban air pollution resulting from traffic is a major prob-
lem in many cities in Asia including Bangkok, Thailand.
These rapidly expanding cities tend to have significantly
more traffic congestion than most others. Such pollution
originates mainly from incomplete fossil fuel combus-
tion, the composition of which is very complex and some
elements of which are carcinogenic in experimental ani-
mals and in man. Polycyclic aromatic hydrocarbons
(PAHs) and benzene are among the major carcinogenic
compounds found in urban air pollution from motor vehi-
cle emissions.

In major cities in Asia, the levels of PAHs and ben-
zene are relatively high compared with those in Europe
or in the United States. People living in such cities, there-
fore, are exposed to higher levels of these carcinogenic
pollutants.

The potential health effects of exposure to PAHs and
benzene in air pollution have been studied in school chil-
dren attending schools in inner-city Bangkok compared
with those attending schools in the rural areas.

Bangkok school children are exposed to total PAHs
at levels more than six-fold higher than those in the rural
area. Urinary 1-hydroxypyrene, a metabolite of PAH,
was also significantly higher, while PAH-DNA adducts
in lymphocytes were four-fold higher in Bangkok chil-
dren than rural school children.

Benzene exposure in Bangkok school children was
approximately two-fold higher than in rural school chil-
dren. This is in agreement with the levels of biomarkers
of internal benzene dose, i.e. blood benzene and urinary
t,t-muconic acid.

The potential health risks from exposure to genotoxic
substances were assessed through DNA-damage levels
and DNA repair capacity. DNA strand breaks and 8-
OHJG levels were significantly higher, whereas DNA
repair capacity was significantly reduced in Bangkok
children. This indicates that children living in major
cities may have an increased health risk of the devel-
opment of certain diseases due to exposure to genotoxic
substances in air pollution.

doi:10.1016/j.toxlet.2006.06.034
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Benzene metabolites block gap junction intercellular
communication

Edgar Rivedal 1 Gisela Witz ?2

UInstitute for Cancer Research, Norwegian Radium
Hospital, Oslo, Norway; * Department of Environmen-
tal and Community Medicine, Robert Wood Johnson Med
School/UMD, NJ, USA

Benzene exposure has been related to bone marrow
depression and development of leukemia. Metabolism
of benzene has been shown to be required for the toxi-
cological effects. We have investigated the effect of ben-
zene metabolites, trans,trans-muconaldehyde (MUC),
four MUC metabolites and hydroquinone (HQ), on gap
junction intercellular communication (GJIC) in rat liver
epithelial IAR cells, expressing connexin 43 (Cx43).
Inhibition of GJIC is considered a possible predic-
tor of tumor promoters and non-genotoxic carcino-
gens, and has also been associated with perturbation of
hematopoiesis.

The benzene metabolite MUC was found to be a
strong inhibitor of GJIC (ECsp =12 uM) with potency
similar to that of chlordane (EC509 =7 wM). HQ inhibited
GJIC with ECs of 25 uM, and the metabolite OH/CHO
with ECsg of 58 wM. The other MUC metabolites tested,
CHO/COOH and OH/COOH were weak inhibitors of
GIJIC, while COOH/COOH had no effect. Benzene itself
showed no effect on GJIC when tested in concentrations
up to 20 mM.

Relative potency of the metabolites on inhibition of
GIJIC appears similar to their hematotoxic effects. MUC
was also observed to activate ERK-1/2 and induce a dra-
matic loss of Cx43 from the cells. Substances with such
ability have previously been observed to interfere with
normal hematopoietic development. Thus, the ability of
benzene metabolites to interfere with gap junction func-
tionality, and especially the rapid loss of Cx43, should be
considered in relation to benzene’s hematotoxicity and
development of leukemia.

doi:10.1016/j.toxlet.2006.06.035
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Exposure modeling—Using operational air pollution

models
Ole Hertel !, Steen Solvang Jensen !, Martin
Hvidberg I Matthias Ketzel!, Ruwim Berkowicz !,
Mette  Sgrensen?, Steffen  Loft3, Ole  Raaschou

Nielsen?

! National Environmental Research Institute, P.O. Box
358, Frederiksborgvej 399, DK-4000 Roskilde, Den-
mark; % Danish Cancer Society, Strandboulevarden 49,
DK-2100 Copenhagen East, Denmark; 3 Institute of
Public Health, Copenhagen University, @ster Farimags-
gade 5A, DK-1014 Copenhagen K, Denmark

For the modelling of air pollution exposures in the Dan-
ish cohort studies, a number of locally developed mod-
els have been applied. These models are including the
regional scale model DEHM, the Urban Background
Model UBM, and the Operational Street Pollution Model
OSPM. In the first Danish exposure studies input data
for the calculations were obtained manually or using
information from questionnaires to the local authorities.
Recently a GIS based tool, AIRGIS, has been devel-
oped. AIRGIS takes advantage of information from the
unique Danish registry databases, as well as informa-
tion from Danish digital maps for building images and
road network. The basic requirements for calculating air
quality levels at a particular address are the availabil-
ity of digital maps of streets with traffic data, buildings
with building heights and addresses. Data on building
heights may in AIRGIS be obtained in different ways:
(a) object heights above sea level of buildings minus
terrain heights; (b) heights obtained from the Building
and Dwelling Registry using property limits to geo-code
buildings; (c) heights obtained from Digital Elevation
Models. For population exposure assessment, popula-
tion data can be linked to an individual address using the
Central Population Register. Currently, calculations are
being performed for about 20,000 addresses and in later
projects more than 200,000 Danish addresses in vari-
ous epidemiological cohorts. The AIRGIS system may,
however, also be used to trace an individual’s air pollu-
tion exposure along a route in the urban area. This has
been used to test the system towards individual exposure
measurements in Danish experimental studies.

doi:10.1016/j.toxlet.2006.06.036
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Pulmonary toxicity of Stachybotrys chartarum in
experiment

Zuzana Kovacikova !, Elena Pieckova!, Erzsebet
Tatrai?, Marta Hurbankoval, Zuzana Pivovaroval,

Silvia Cerna !, Mirjana Matausic-Pisl 3. Jana Tulinska !

USlovak Medical University, Bratislava, Slovakia;
2 National Institute of Environmental Health, Slovakia;
3 Institute for Medical Research and Occupational
Health, Zagreb, Croatia

Microbial growth affects indoor air quality and con-
cerned occupants and workers often report respiratory
symptoms. Our experiments were focused on Stachy-
botrys chartarum what has been linked to chronic intox-
ications, allergies, especially in babies. Stachybotrys
chartarum produce several different metabolites with
different effects, some of them can act synergistically.
They may represent a potential but still poorly doc-
umented hazard. During study of indoor fungal col-
onization in Slovakia also several cases of S. char-
tarum were found. Isolates were cultivated and tested for
their ability to produce toxic metabolites (endometabo-
lites — concentrated in the fungus and exometabolites
— released to the cultivation media). The extracts of
both were tested in vivo in rats and in vitro in lung
cells isolated from rats and organ cultures from chick
tracheas. In vivo experiment: Wistar rats were intratra-
chealy exposed for 3 days to 4 ug of metabolites in
0.2% DMSO. After finishing the exposure the bron-
choalveolar lavage was performed. It revealed lowered
viability of alveolar macrophages and enhanced activity
of lysosomal enzymes in exposed groups in compari-
son to the control one. In vitro experiments: alveolar
macrophages and lung epithelial type II cells were iso-
lated from rat lung and cultivated in the presence of vari-
ous concentrations of metabolites. After 24 h cultivation
the activity of acid phosphatase in alveolar macrophages
was decreased, the production of MCP-1 and TNF-«
by both cell types was changed, the number of alkaline
positive type II cells was decreased and the histochem-
ical staining with Maclura pomifera showed changes
of type II cell membranes. All differences were dose-
dependent. The ciliostatic activity of metabolites was
followed for 3 days in organ culture from chick trachea.
The effect was time- and dose-dependent and the tox-
icity of exometabolites was higher. The toxic effects
of metabolites isolated from Stachybotrys chartarum
were proved in all experimental models used in our
experiments.

Supported by EC contract HEAR NAS QLK6-2002-
90945 and by the Ministry of Health of the Slovak
Republic under the project 2005/36-SZU-14.

doi:10.1016/j.toxlet.2006.06.037
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In vitro airlifted interface exposure of human derived
lung cells to indoor priority pollutants

Grazia M. Sacco, Fabrizio Pariselli, Diana Rembges

European Commission, Joint Research Centre, IHCP-
Physical and Chemical Exposure Unit, Ispra, Italy

Volatile organic compounds (VOCs) are important
indoor air contaminants which evaporate into the atmo-
sphere at room temperature, and are detected in the
indoor environment at concentrations often much higher
than outdoors. These substances commonly found in
occupational or non-occupational environments are
potential causes of acute symptoms such as allergies,
asthma, mucous irritation, headaches and tiredness and
may substantially contribute to the increase of cancer
incidence in the population. Their potential toxicity is
increased by their strong lipophilicity with a capac-
ity to concentrate in fat deposits throughout long-term
exposures and to accumulate in the lipid bilayer of the
cellular membranes. Hence, there is a pressing need to
find “stress indicators” to rigorously evaluate the impact
of these xenobiotics on biological processes.

The aim of this work was to develop a reproducible
in vitro dynamic exposure model (using the CULTEX®
device) where human tumor lung epithelial cell (A549)
lines, representative of VOCs target tissue, were exposed
in an airlifted interface to air pollutants in order to inves-
tigate the effects of single VOCs and their mixtures, as
a simulation of in vivo inhalation exposure.

The study started with the application of two prior-
ity air pollutants, toluene and benzene, selected in the
frame of the INDEX project (“Critical appraisal of the
setting and implementation of EU INDoor EXposure
limits”). Exposure to toluene and benzene concentrations
ranging from 0.1 to 0.6 ppm showed reproducible and
dose-related direct toxic effects (determined with LDH
assay) on A549 cells. Moreover, benzene and toluene
induced an inflammatory response (IL-8 stimulation), in
accordance to data reported in literature.

The results obtained so far, show the sensitivity and
specificity of the overall in vitro CULTEX® exposure set-
up and suggest that this experimental model will allow
us to extend the work to air pollutants mixture effects.

doi:10.1016/j.toxlet.2006.06.038
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Introduction—Relevance of epigenetic mechanisms
for toxicology

Jonathan G. Moggs

Syngenta, Central Toxicology Laboratory, Alderley
Park, Macclesfield, Cheshire SK10 4TJ, UK

Epigenetics describes heritable changes in gene func-
tion that occur in the absence of a change in DNA
sequence. The principle way in which epigenetic infor-
mation is stored and propagated is via methylation of
DNA at cytosine residues, to form the modified base
5-methylcytosine, and through post-translational modi-
fication of histone proteins that package genomic DNA
into chromatin. Specific patterns of these epigenetic
marks form the molecular basis for developmental-
stage and cell-type specific patterns of gene expres-
sion that are hallmarks of distinct cellular pheno-
types. Thus, whilst the DNA sequence of our genomes
(genetic code) represents “stored” information, epi-
genetic marks (epigenetic code) represent the way
in which the genetic code is organised and read.
Recent research has begun to uncover the molecu-
lar basis for how our cells read and write epige-
netic codes and has also revealed a close associa-
tion between epigenetic changes and the predisposi-
tion to, and development of, a range of human dis-
eases, including cancer. The importance of epige-
netic mechanisms in human disease has prompted the
initiation of world-wide efforts to map the human
epigenome.

Perturbation of epigenetic status alters the spectrum
of genes and proteins expressed in a cell, which in turn
leads to alterations in cellular phenotype. It is becom-
ing apparent that a wide range of environmental fac-
tors including diet, stress, behaviour and exposure to
both natural and synthetic chemicals can influence the
epigenome. An emerging body of data suggest that
epigenetic perturbations may also be involved in the
adverse effects associated with some toxicants, including
certain classes of non-genotoxic carcinogens. Impor-
tantly, the epigenetic status of the genome can be sta-
bly propagated through mitosis and cell division, and
therefore toxicants that perturb epigenetic status can
potentially have long lasting effects on the phenotype
of a somatic cell population. The possibility that cer-
tain environmental factors are associated with epige-
netic changes that can be transmitted via the germline
has also been suggested. Thus, the potential for per-
turbation of epigenetic status by xenobiotics represents

an important area of future investigation for toxicolo-
gists.

doi:10.1016/j.toxlet.2006.06.039
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Cancer epigenetics: From DNA methylation to his-
tone modifications

Manel Esteller

Cancer Epigenetics Laboratory, Molecular Pathology
Program, Spanish National Cancer Centre (CNIO),
Mardid, Spain

We are in an era where the potential exists for deriving
comprehensive profiles of DNA alterations character-
izing each form of human cancer. DNA methylation
is the main epigenetic modification in humans. Tumor
cells show aberrant methylation of several CpG islands,
but global demethylation versus the counterpart normal
cells. We have combined a candidate gene and biochem-
ical approach to determine the overall aberrant DNA
methylation in transformed cells. Our results show that
CpG island promoter hypermethylation has a tumor-type
specific pattern, where each gene tends to be methy-
lated in the cancer cells driven from a particular tis-
sue but not from others. Epigenetic silencing affects
all cellular pathways: DNA repair ((WMLH1, MGMT,
BRCA1), cell cycle (p16INK42 p14ARF [515INKab 1573y
apoptosis (DAPK, TMS1), hormone receptors (ER, PR,
AR, RARB2, CRBP1), cell adherence (CDH1, TIMP3),
detoxifiers (GSTP1) and many more (APC, LKBI,
SOCS-1, ...). Promoter hypermethylation of particu-
lar genes has important consequences for the biology
of that particular tumor. This is for example the case
of the DNA repair gene MGMT which methylation-
mediated silencing leads to transition mutations, but, at
the same time, “marks” those neoplasms that are going
to be more sensitive to the chemotherapy with alkylating
drugs. Hypermethylation can be observed in hereditary
tumors, where it may account for the “second hit” of the
tumor suppressor gene. We have also developed massive
genomic screenings to find new hypermethylated genes
in cancer cell. From these assays we have identified new
candidate tumor suppressor genes with important poten-
tial roles in the pathogenesis of human cancer.

Second, we have studied the global methylcytosine
content of a large collection of normal tissues and spo-
radic and hereditary primary tumors. The picture that
emerges shows that 85% of human cancer cells are
hypomethylated when compared to the original normal
cells. We have also found that the 5-methylcytosine DNA
content and the number of CpG islands hypermethylated
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in a given tumor are not random, but it involves environ-
mental factors and genetic predisposition.

Overall, our data demonstrate that human tumors suf-
fer a profound, but specific disturbance in their DNA
methylation and chromatin patterns.

doi:10.1016/j.toxlet.2006.06.040
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Dietary modulation of epigenetic status
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Epigenetics refers to noncoding changes within the
genome transmitted through mitosis and affecting gene
expression without altering genome structure. DNA
methylation, histone modification and chromatin com-
partments remodeling are the main epigenetic features
of DNA. Methylation of cytosine is the major epigenetic
mechanism in mammalian DNA and it usually occurs
within C:G sequences rich regions, the so called CpG
islands. Differently from the rest of the genome, CpG
islands are predominantly present in promoter regions
or first exons, are usually unmethylated and associated
with euchromatin and gene expression. Vitamins such
as methoinine, choline, betaine, Vitamin B6, Vitamin
B12, folate, and oligoelements including zinc and sele-
nium are cofactors in metabolic pathways related to
nucleic acid metabolism as well as DNA methylation.
Folate, a water-soluble B vitamin involved in one-carbon
metabolism, has gained increasing interest for its crucial
role in synthesis, repair and methylation of DNA, all of
which are essential mechanisms for sustaining the ade-
quate regulation of genome function. The significance of
folate metabolism is related to its function in providing
one-carbon units for the synthesis of nucleic acids and
S-adenosymethionine (S-AdoMet), the universal methyl
donor for biological methylation reactions including that
of DNA. Folate depletion and supplementation have
been documented to affect DNA methylation. A more
composite mechanism of genes and nutrients interrela-
tionship, however, appears to be involved. A paradigm
for the complexity of such relationships is the model
of a gene—nutrient interaction between folate status and
a polymorphism in methylenetetrahydrofolate reductase
(MTHFR) which has been reported to modulate genomic
DNA methylation. The MTHFR enzyme is essential in

one-carbon metabolism for its position at the intersection
between DNA synthesis and DNA methylation path-
ways, since its substrate 5,10-methylenetetrahydrofolate
serves for the assembly of thymidylate and purines and
its product, 5-methyltetrahydrofolate for the synthesis
of methionine and S-AdoMet. The common 677C>T
mutation in MTHFR leads to a thermolabile and less
functioning enzyme that limits the methyl supply and
affects DNA methylation, although only if associated
with impaired folate status. This observation suggests
that the interaction between a nutritional status and a
mutant genotype may modulate DNA methylation and
potentially affect gene expression in a gene—nutrient
interaction manner. Understanding the patterns of DNA
methylation through the interaction with nutrients is a
critical issue, not only to provide pathophysiological
explanations for the study of cell growth regulation, tis-
sue specific differentiation and disease development, but
also to identify at-risk individuals to conduct targeted
nutritional-based interventions.

doi:10.1016/j.toxlet.2006.06.04 1
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Epigenetics—The missing link between genetics, dis-
ease and the environment

Stephan Beck

Wellcome Trust Sanger Institute, Hinxton, Cambridge
CBI0 1SA, UK

Following the sequencing of the human genome, one of
the key tasks ahead for biomedical research is to identify
and understand functional variants that define suscepti-
bility to or protection from disease. From monozygotic
twin studies, we know that the genetic contribution to
many common diseases only amounts to 40-70%, leav-
ing 30-60% to non-genetic contributions such as epige-
netic and environmental contributions. While it remains
challenging to measure and quantify environmental vari-
ants, novel approaches have recently been developed to
identify and quantify epigenetic variants with great accu-
racy.

DNA methylation is the most stable type of epige-
netic modification and, therefore, is a very suitable target
for such analyses. Occurring naturally on cytosine bases
at CpG dinucleotides, DNA methylation is intimately
involved in diverse biological processes and the aetiol-
ogy of many diseases, particularly cancer. It can affect
genome function under exogenous influence and hence
may constitute the main (and so far missing) link between
genetics, disease and the environment. Differentially
methylated cytosines give rise to distinct patterns and
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profiles thought to be specific for gene activity, cell type
and disease state. Like single nucleotide polymorphisms
(SNPs), such methylation variable positions (MVPs) are
informative epigenetic markers that promise to signifi-
cantly advance our ability to understand and diagnose
human disease.

I'will present relevant public resources providing such
genetic and epigenetic data and discuss our current think-
ing on how such data can be combined into an integrated
(epi)genetic approach to common disease.

doi:10.1016/j.toxlet.2006.06.042
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Altered DNA methylation: An epigenetic mechanism
underlying carcinogenesis

Jay Goodman
Michigan State University East Lansing, Michigan, USA

The involvement of mutagenesis in carcinogenesis needs
to be reconciled with the fact that not all carcinogens are
mutagens and the view that nonmutagenic events also
play key roles in the transformation of a normal cell
into a cancer cell. This apparent paradox can, in part,
be resolved by considering the roles that altered DNA
methylation, an epigenetic mechanism, play in carcino-
genesis.

Gene expression is not determined only by DNA base
sequence; it also depends on epigenetic mechanisms,
i.e., heritable gene-regulating mechanisms not involv-
ing a change in DNA base sequence. Inheritance occurs
on two levels. The transmission of genes either in the
somatic sense or from generation to generation is distinct
from mechanisms involved in transmission of alternative
states of gene activity. Epigenetics describes the latter
and involves regulation of temporal and spatial control
of gene activity, e.g., changes in gene expression during
development, imprinting, segregation of gene activities
such that daughters of a cell exhibit different patterns
of gene expression, and mechanisms that permit the
somatic inheritance of a specific set of active and quies-
cent genes.

DNA methylation (the presence of 5S-methylcytosine
(5MeC) as compared to cytosine) is an epigenetic mech-
anism controlling gene activity. Changes in DNA methy-
lation are not mutations because 5SMeC and cytosine base
pair with guanine. In general, increased methylation of
a gene is associated with deceased transcription (e.g.,
may silence tumor suppressor genes, functionally equiv-
alent to inactivation due to point mutation or allelic loss)
and decreased methylation may up-regulate gene expres-
sion (e.g., may increase expression of oncogenes). Thus,

altered DNA methylation can facilitate the aberrant gene
expression underlying carcinogenesis.

The key role of DNA methylation in the regulation of
gene expression will be presented in conjunction with a
discussion of how altered methylation is a fundamental,
epigenetic mechanism involved in carcinogenesis. Data
from my laboratory will be used to illustrate how we
are testing the hypothesis that susceptibility to carcino-
genesis is related inversely to the capacity to maintain
normal patterns of DNA methylation, and implications
for safety assessment will be emphasized.

doi:10.1016/j.tox1et.2006.06.043
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The importance of the NAME in the toxicology sub-
ject area

Torbjorn Malmfors
Malmfors Consulting AB

Words do not only convey information but also affect our
thinking. However, both functions are dependent on the
meaning associated with the words. But words do not
have any meaning by themselves but get their meaning
from how they are used. By using different synonyms,
with similar meaning, we convey the same information
but could induce different thoughts, which among differ-
ent things results in various perceptions of the meaning
of the words. For instance “child”, “offspring” or “kid”
is synonyms but give rise to different thoughts, both neg-
ative and positive ones depending on which associations
we have to the different words. Thus, itis not unimportant
which words we chose when communicating a message
cf “risk” vs “safe”. Furthermore, if the use of words
changes over time there might be further inconsistencies
in the use of words, which seriously distort communi-
cation. “Toxicology” is a word, which besides not being
well known also has come into disrepute, both because it
arises negative associations and has got a changed usage
and meaning. This problem has now been brought up on
the agenda to improve the image of the discipline we call
toxicology. There are different proposals among, which
stipulating a meaning of “toxicology” will have little suc-
cess mainly because “toxicology” probably always will
induce negative associations. A more radical proposal
is to find a more appropriate term, which easily can be
connected to what we do and what aim for, has a positive
image among the public and decision maker and is short
enough to fit the mass media and easy to pronounce and
remember. It is difficult to judge the outcome of such an
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attempt but it is a fair guess that doing nothing will never
get toxicology up from the trenches. An attractive term
could be CHEMOBIOLOGY as biology has a positive
connotation, and the term could be associated to interac-
tions between chemicals and living organism and to how
chemicals can be used compatibly with life rather than
causing adverse effects.

doi:10.1016/j.toxlet.2006.06.044
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Methodological improvements in the biological mon-
itoring of carcinogens

Jaroslav Mraz

National Institute of Public Health, Srobdrova 48, 100
42 Prague, Czech Republic

The biomarkers most relevant for evaluation of health
risk due to exposure to carcinogens are the biological
end-points. Low specificity of these biomarkers may
be an advantage if the carcinogenic agent has not been
identified or upon exposures to complex mixtures. How-
ever, assessment of the no-effect exposures to individ-
ual compounds is only possible by tracing the xeno-
biotic molecule in the body. Specific carcinogen-DNA
adducts can be detected through analysis of the tissues
or blood, or the adducted bases or nucleosides removed
from DNA due to repair processes can be measured in
the urine. For various reasons, none of these methods
became a practical tool for routine human biomonitor-
ing. On the other hand, determination of the adducts
of carcinogens with proteins offers several principal
advantages over the DNA adducts or urinary metabo-
lites, the major advantage being their long-term persis-
tence in the body. Important prerequisites for the use
of the protein adducts in occupational/environmental
health are applicability in health risk assessment and
availability of adequate analytical procedures and
instrumentation.

In the present paper we will focus on the state-of-
the-art developments in monitoring of the carcinogen
adducts with the blood protein globin. Depending on the
analytical approach, the species to be determined include
(a) the carcinogen molecule itself, following detachment
from the protein, (b) the carcinogen adduct with a single
amino acid or peptide and (c) the native carcinogen-
globin adduct. Currently, the most widely used procedure

is determination of the adducts of various carcinogenic
alkylating agents (ethylene oxide, dimethyl sulfate, 1,3-
butadiene, acrylonitrile, acrylamide) at the N-terminal
valine of globin using the modified Edman degrada-
tion procedure. In this area, the typical methodological
improvements include further chemical modification of
the Edman products, clean-up procedures, and applica-
tion of more sensitive and/or selective mass spectromet-
ric techniques. Although immunoanalytical methods are
a simple, rapid and cost-effective alternative to chro-
matography/mass spectrometry, very few immunoassays
for the carcinogen-globin adducts have so far been devel-
oped.

Acknowledgements: The attendance of J.M. at the
EUROTOX 2006 was supported by the Congress Orga-
nizers.
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Quantitation of environmental chemical exposure
using biological monitoring dater

Jirgen Angerer
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Biological monitoring is one of several tools for ensuring
health protection in the event of exposure to chemi-
cal substances. With the aid of biological monitoring
internal exposure and biochemical and biological effects
can be measured. Unlike ambient monitoring biologi-
cal monitoring is a measure of the amount of substance
actually taken up by human tissues. Further assumptions
and worst case scenarios are not necessary as long as
some knowledge of sources of exposure, metabolism
and kinetics is available. Biomonitoring can help to
accurately access and communicate health risk, take rea-
sonable measures for reducing exposures and omitted
excessive decontamination measures.

Biological monitoring is especially important in case
of carcinogenic substances which may cause fatal out-
come. In the case of carcinogenic substances not only
internal exposure can be accessed, e.g. by measuring
metabolites in urine. Today in many cases the reaction
products of carcinogenic substances with haemoglobin,
the so called Hb-adducts, can be determined. Hb-adducts
are surrogates of DNA-adducts which are thought to
be the initial step of carcinogenesis. Hb-adducts are
markers of biochemical effects which principally should
more reliably than internal exposure reflect carcinogenic
risk.
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The possibilities of biological monitoring shall be
shown on hand of such carcinogenic substances that are
of great relevance for public health. Internal exposure
and biochemical effects of groups of the general popu-
lation shall be shown on hand of polyaromatic hydro-
carbons (PAH), aromatic amines, acrylamide, tobacco
smoke, etc.

doi:10.1016/j.toxlet.2006.06.046
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variability by using biological monitoring

Paola Manini
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Biological monitoring (BM) and biomarkers are used
in occupational toxicology for a more accurate risk
assessment of groups of workers. Although acceptable
exposure limits have been fixed for the working envi-
ronment, it has become clear that various factors can
affect exposure, including additional skin absorption,
differences in individual uptake, the degree of work-
ing practice, different workload, and the use of personal
protection devices. BM is mainly aimed at (i) defining
the existence of an occupational exposure; (ii) quan-
tifying the level of internal dose; (iii) verifying that
exposure limits (BEI®, BAT, BLV) are respected. As
compared to ambient monitoring, BM is more expen-
sive and complex. Several biomarkers are available for
the same chemical and the meaning of the marker
may depend on the sampling time. Therefore, practi-
cal issues, including cost and selection of an adequate
sampling strategy, should be dealt with when planning
a BM program for specific purposes. In addition, sev-
eral biological and analytical sources of variability may
influence biomarker levels, thus making the interpreta-
tion of BM data a difficult task. If analytical variance
could be kept under control by quality assurance pro-
grams, inter-individual differences in uptake, biotrans-
formation, susceptibility to damage, and repair capacity
can result in different dose-response relationships for
different groups of individuals. However, we should
recognize that the main aim of BM is not to reduce,
but to explain biological variance. Finally, the decreas-
ing trend in occupational exposure levels highlighted
the specificity problems of traditional biomarkers of
exposure and prompted the research to the develop-
ment of new biomarkers, e.g. unchanged volatile com-
pounds in urine, minor metabolites, DNA and protein

adducts. Depending on the scope and context (research
or routine) different requirements of biomarkers can be
envisaged in terms of validation and acceptable varia-
bility.

doi:10.1016/j.toxlet.2006.06.047
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Sequence variations in a number of genes for DNA repair
and phase I/phase Il metabolising enzymes have recently
been studied in many biomonitoring studies as putative
biomarkers of individual susceptibility to cancer (and
possibly other diseases), measured alongside markers of
exposure and effect. This facilitates the quantification of
potential risk of exposure at the level of individuals. We
are monitoring single nucleotide polymorphisms (SNPs)
to investigate how environmental exposure, nutrition and
genetic factors together can influence genomic stability.
This molecular epidemiological approach will allow us
to assess the potential risk of environmental exposure
and other factors at the level of individuals.

We conducted a biomonitoring study in three factories
in Slovakia producing asbestos, glass fibres and rock-
wool. Altogether 239 exposed and 148 controls were
investigated. Polymorphism in glutathione S-transferase
GSTP1 a and b were determined in the A — G transi-
tion at nucleotide +313 by PCR. GSTM1 and GSTTI
deletions were characterised by multiplex PCR. SNPs in
five DNA repair genes were also determined: XRCCI
(exon 10, G/A, Arg399GIn); XPD (exon 10, G/A,
Asp312Asn and exon 23, A/C, Lys751Gly); XPA (5
non-coding region, 23A/G); and O°-methylguanine-
DNA methyltransferase (MGMT, promotor-enhancer,
1099C/T). We also measured DNA damage (strand
breaks, base oxidation and alkylation, using modified
comet assay); individual DNA repair capacity in lym-
phocyte extracts; micronuclei and chromosome aberra-
tions; cellular defences (intrinsic antioxidants, antioxi-
dant enzymes); humoral and cellular immune markers,
growth factors and proinflammatory mediators.

We analysed the association between SNPs in repair
genes and the various biomarkers of DNA stability,
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and found several interesting associations that appeared
simultaneously in different subgroups. Presence of the
XPA A allele was associated with higher levels of DNA
damage as well as with higher activity of OGG1 repair
enzyme. OGGl repair activity also increased with age,
but when analysed according to XPA genotype, the
increase was observed only in those individuals with an
A allele. While XPA is known as a protein involved in
nucleotide excision repair of UV-induced damage and
bulky DNA adducts, it may also have a role in the repair
of oxidised bases. Our results also show that GST poly-
morphisms may be involved in oxidative DNA damage.
The individuals carrying the GSTP! b/b and GSTT null
showed a higher level of oxidised bases in smokers’
DNA. The association found in many subgroups suggests
that the investigated genotypes may affect genomic sta-
bility and thus may contribute to individual susceptibility
and variation in response to endogenous and exogenous
factors.

Supported by the EC project FIBRETOX QLK4-1999-
01629, by Slovak—Greek project, and by Slovak Grant
Agency of Ministry of Health, project #04.92.12.04.

doi:10.1016/j.toxlet.2006.06.048
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Gene expression alterations in human lung tissue
associated with chronic tobacco smoking: Possible
mechanisms involved in smoking related diseases

Kent Hart, David Ryberg

National Institute of Occupational Health, P.O. Box
8149, Dep., Oslo, Norway

Tobacco use is a major cause of death from cancer,
cardiovascular and pulmonary diseases. Although these
associations have been known for decades and numer-
ous studies have been conducted focusing on tobacco
smoking and disease mechanisms, these mechanisms are
not fully elucidated. One complicating factor may be
the extreme complex mixture of chemicals in tobacco
smoke. Available relevant model system is also a prob-
lem: the adverse effects are probably the results of com-
plex interactions between many factors, both chemical
and biological. In this study we have used Affymetrix
chips to measure the expression of nearly 9000 genes.
Samples from non-tumorous lung tissue were obtained
from surgically treated lung cancer patients. The study
groups comprised 32 current smokers and 25 ex-smokers
with at least 10 years of abstinence. The two groups were
otherwise matched with respect to age, sex and occupa-

tional history. The expression data from all the chips
were normalized and summarized using the GCRMA
module developed in the statistical package R. Two
different approaches were used for the biological inter-
pretation of genes differently expressed among smokers
and ex-smokers, both based on analysis of gene sets.
In the first method we selected only significantly differ-
ent expressed genes (FDR<0.1) and used this list for
the analysis of enriched GO terms (gene ontology) and
overrepresentation of genes in known metabolic and sig-
naling pathways. In the second approach we used all
genes and expression values in a gene set enrichment
analysis (GSEA) using all known metabolic and signal-
ing pathways. A variant of this method was also used
for analysis of gene regulatory networks based on doc-
umented transcription factors. Together these methods
gave biological interpretations of the expression data
which were very consistent.

Our results indicate the lung tissue from chronic
tobacco smokers have significantly alterations in fatty
acid and cholesterol metabolism, which may affect
both the composition and properties of its membra-
nous systems. This also seems to affect cell adhesion
and the recruitment and function of immunological
cells. Our data indicate involvement of specific cell sig-
naling systems and transcription factors behind these
alterations.

doi:10.1016/j.toxlet.2006.06.049
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Exposure to high level-benzene and ultrafine particu-
late matter present in ambient air in Cotonou, Benin:
Assessment of biological markers

Patrice Avogbe !, Lucie Ayi-Fanou !, Benjamin
Fayomiz, Peter Moller?,S. Loft3, P. Vinzents3,
Herman Autrup*, Ambaliou Sanni !

! Laboratoire de Biochimie et de Biologie Moléculaire,
Université  d’Abomey-Calavi,  Benin; 2 Unité
d’enseignement et de Recherche en Science de la Santé,
Université d’Abomey, Calavi, Benin; 3 University of
Copenhagen, Institute of Public Health, Copenhagen
N, Denmark; * University of Aarhus, Department of
Environmental and Occupational Medicine, Aarhus,
Denmark

Air pollution has worsened over the past two decades
in Cotonou, the economic capital of Benin, where two
stroke motorbikes represent the major form of trans-
portation. Very few studies have been conducted to
understand the effect of air pollutants on human’s health
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in developing countries. This is the first time such a study
has taken place in the Republic of Benin.

Exposure was characterized by measuring ultrafine
particulates matter (UFP), benzene and polycyclic aro-
matic hydrocarbons (PAHs), as well as urinary excretion
of S-phenylmercapturic acid (S-PMA), a biomarker of
benzene exposure. Oxidative DNA damage was investi-
gated in mononuclear blood cells as DNA strand break
(SB) and formamidopyrimidine DNA glycosylase (FPG)
sensitive sites in taxi-moto drivers (n =28), subjects liv-
ing near highly trafficed roads (n=37), and village res-
idents (n=28). Genetic polymorphisms in glutathione
S-transferase (GST) and NADPH quinine oxidoreduc-
tase 1 (NQO1) on biomarker levels were investigated.

Air measurements showed high levels of benzene (in
excess of 70 g m’s), PAHs and UFP in Cotonou com-
pared to the village. High levels of S-PMA were obtained
in urine from subjects living in Cotonou compared to
those living in the rural areas. Taxi-moto drivers had
higher level of FPG sensitive sites than the other groups.

Genotyping analysis revealed that subjects with
GSTT]1 null genotype had lower urinary S-PMA excre-
tion than subjects carrying the plus genotype.

The correlation between S-PMA and SB was
strongest in subjects with the NQO1*1/#%2 and *2/%2
genotypes (R=0.37), and between S-PMA and FPG sen-
sitive sites in subjects with the GSTP1*B/*B genotype
(R=0.39).

In conclusion, the air in Cotonou is poor, contain-
ing high levels of benzene and UFP. Subjects living in
Cotonou had an elevated level of SB and FPG sites, and
that NQO1 and GST genes may modulate the effect.

doi:10.1016/j.toxlet.2006.06.050
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Food contaminants and the developing nervous sys-
tem: Human evidence

Gerhard Winneke !, Michael Wilhelm 2, Jiirgen
Wittsiepe 2, Ulrich Ranft !, Ursula Krimer !

! Heinrich-Heine-Universitit, Diisseldorf, Germany;
2 Ruhr-Universitiit Bochum, Germany

The most comprehensive set of human research data
dealing with dietary exposure to neurotoxic contami-
nants in the environment is available for organic mercury,
namely methylmercury (MMC), and for polychlorinated
biphenyls (PCBs), both of which are poorly and slowly
degradable and therefore have a potential to accumu-

late in the general environment and in the food chain.
In both cases long-term cohort studies in infants and
young children have been performed worldwide. Envi-
ronmental exposure to MMC is primarily via marine
food items, whereas more general PCB-exposure occurs
through diets high in animal fat including marine food
and dairy products. The focus of this lecture will be on
PCB-associated neurodevelopmental adversity.

In addition to more historic cohort studies at least six
more recent studies are available; despite some discrep-
ancies in detail neurodevelopmental delay/deficit was
observed to be associated with PCB-exposure in most
of them (see review by Schantz et al., 2003). Our own
experience is based on two cohorts of between 170 and
230 healthy mother/infant-pairs established between the
years 1993 and 1995 on the one hand (Walkowiak et
al., 2001; Winneke et al., 2005), and between 2000
and 2003 on the other (ongoing). In the earlier cohort
pre-/perinatal exposure was in terms of indicator PCBs
(CB138, 152, 180) in cordblood and maternal milk,
respectively, whereas in the later cohort a larger spectrum
of PCBs and PCDD/Fs was measured in maternal blood
and milk (Wittsiepe et al., 2006). The Fagan Test of Infant
Intelligence (FTII), the Bayley Scales of Infant Develop-
ment (BSID) and the Kaufman Achievement Battery for
Children (K-ABC) were administered as early measures
of cognitive development. The quality of the home envi-
ronment (HOME) and maternal intelligence were taken
as important environmental and genetic confounders,
respectively.

At median PCB-levels of 404 ng/g milk fat in the
earlier study significant PCB-related BSID- and KABC-
decrements were observed at 30 and 42 months of age,
but no longer at school age. At median PCB-levels of
177 ng/g milk fat in the 2nd study no exposure-related
BSID-decrement was seen at 12 and 24 months, any
more. Itis concluded that PCBs or PCB-associated PAHs
as food contaminants have a negative impact for early
cognitive development. The clarification of the mech-
anistic basis, the possible role of PCDD/Fs, and the
persistence of such adversity still remains a challenge
for future research, however.

doi:10.1016/j.toxlet.2006.06.051
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In vitro systems to study developmental neurotoxicity
of food contaminants

S. Ceccatelli, C. Tamm, R. Tofighi, C. Johansson

Division of Toxicology and Neurotoxicology, Institute
of Environmental Medicine, Karolinska Institutet, SE-
17177 Stockholm, Sweden

The developing brain is particularly vulnerable to toxic
agents, even at exposure levels that have no lasting
effects in the adult nervous system. Because of a grow-
ing recognition of an apparent increase in the incidence
of developmental disabilities, considerable attention has
being focused on the effects of exposures to environ-
mental pollutants, including food contaminants such as
methylmercury and PCBs. The use of cell cultures has
proven to be a powerful approach to study and elucidate
the mechanisms of toxicity. However, the complexity of
the nervous system requires the use of various cellular
models representing specific in vivo targets. We have
used cultures of neural stem cells (NSCs) as in vitro
models to investigate the developmental neurotoxicity
of food contaminants. The neural progenitor cell line
C17.2 cells and primary cultures of embryonic cortical-
NSCs (cNSCs) were exposed to methylmercury (MeHg)
to evaluate the effects on survival and differentiation. The
results show that NSCs are highly sensitive to MeHg,
especially cNSCs. MeHg induces apoptosis in both mod-
els via Bax-activation, cytochrome c translocation, and
caspase and calpain activation. Remarkably, exposure
to MeHg at concentrations comparable to the current
developmental exposure (via cord blood) of the gen-
eral population in many countries, inhibits spontaneous
neuronal differentiation of NSCs. The effects of low con-
centrations of MeHg, relevant to human exposure, on
spontaneous neuronal differentiation of NSCs point to
the need for further investigations of NSCs exposed to
sub-toxic doses of neurotoxic contaminants. By confirm-
ing the in vivo data on the increased sensitivity of the
developing nervous system to MeHg, our study shows
that cultures of NSCs are good in vitro models to identify
the neurodevelopmental effects of toxic substances. The
difference in sensitivity to MeHg that we have observed
in NSCs compared to other neural cells further strength-
ens the need for multiple cellular models when in vitro
studies are used for identifying the toxic effects of poten-
tial neurotoxicants.

doi:10.1016/j.toxlet.2006.06.052
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Mechanisms of developmental neurotoxicity: Molec-
ular and behavioral correlates

Blanca Piedrafita, Pilar Monfort, Omar Cauli, Marta
Llansola, Regina Rodrigo, Carmina Montoliu, Nisrin El
Mlili, Vicente Felipo

Laboratory of Neurobiology, Centro de Investigacion
Principe Felipe, Valencia, Spain

Prenatal and neonatal exposure to neurotoxicants may
affect brain development and function. Neurotoxic
agents present in the environment and especially in
the food chain may reach the brain of the fetus or the
newborn during critical periods of brain development.
These agents may affect cerebral function and devel-
opment resulting in long-lasting or permanent deficits
in cerebral function that can be reflected at different
ages (young ness, adulthood or elderly) as alterations in
motor function or coordination and/or altered intellec-
tual function with alterations in learning ability and/or
memory. These neurological alterations would be con-
sequence of alterations in the function of one or more
neurotransmitter systems which, in turn, are due in many
cases to alterations in signal transduction associated
to receptors of different neurotransmitter systems. Our
group has been studying in the last years the molecu-
lar mechanisms by which exposure of rats to neurotoxic
agents leads to alterations in learning ability. We have
found that several neurotoxic agents affect the func-
tion of the glutamate—nitric oxide-cGMP pathway in
brain in vivo as well as in primary cultures of neurons.
Activation of the NMDA type of glutamate receptors
increases intracellular calcium which binds to calmod-
ulin and activates nitric oxide synthase, increasing pro-
duction of nitric oxide (NO), which activates soluble
guanylate cyclase (sGC), increasing cGMP formation,
part of which is released to the extracellular fluid. This
glutamate—NO-cGMP pathway modulates cerebral pro-
cesses such as long-term potentiation and some forms
of learning and memory. Different neurotoxicants alter
the function of this pathway at different steps and by
different mechanisms. The alterations in the function of
this pathway in brain in vivo (analysed by brain micro-
dialysis in freely moving rats) strongly correlate with
the alterations in the ability of the rats to learn a condi-
tional discrimination task in a Y maze. Pharmacological
manipulation of this pathway to normalize its function
allows to restore learning ability in rats. The results
obtained show that the glutamate—-NO—cGMP pathway
is a main target for different neurotoxic agents and that
alterations in this pathway are responsible for some of
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the cognitive deficits induced by exposure to some neu-
rotoxicants.

doi:10.1016/j.toxlet.2006.06.053
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Contaminants in fish: Risk—benefit considerations

L.G. Costa 2, L. Manzo?

U University of Parma, Italy; * University of Washington,
Seattle, WA, USA; 3 University of Pavia and Fondazione
Salvatore Maugeri, Pavia, Italy

Fish provide a healthful source of dietary protein and are
high in nutrients such as omega-3 fatty acids. There is
evidence of long-term cardioprotective and reproductive
benefits associated with fish consumption. Yet, benefits
may be offset by the presence of contaminants, such
as methylmercury (MeHg), polychlorinated biphenyls
(PCBs) and several other halogenated persistent organic
pollutants (dioxins, PBDEs, PFOS). MeHg is a known
developmental neurotoxicants, as evidenced by several
animal studies and episodes of human intoxication in
Japan and Iraq. Fish represents the main source of expo-
sure to MeHg for the general population. Large preda-
tory fish (swordfish, tuna) have the highest levels of
MeHg contamination. Studies in populations where fish
is a major food source are suggestive of adverse health
effects in children. Based on these findings, provisional
tolerable weekly intakes of 0.7-1.6 pwg/kg have been set
by regulatory agencies. These limits may be exceeded if
a diet rich in contaminated fish is consumed. Farmed
and wild-caught fish appear to have similar levels of
contaminants. The possibility that other contaminants
present in fish (e.g. PCBs) may have additive or syner-
gistic effects with MeHg on development has also been
suggested. Advisories are in place that recommend lim-
ited consumption of certain fish in children, pregnant
women and women of childbearing age. Yet, fish con-
sumption during pregnancy and in childhood has been
shown to have beneficial effects on behavioral develop-
ment. Most often, fish that have high levels of deleterious
contaminants also have high levels of beneficial omega-3
fatty acid, and vice versa. Careful risk—benefit consider-
ations should foster fish consumption while minimiz-
ing exposure to neurotoxic contaminants (supported in
part by PRIN 2004 and DEVNERTOX-CONTRACT no.
FOOD-CT-2003-506143).

doi:10.1016/j.toxlet.2006.06.054
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Chronic administration of benzo(a)pyrene (BaP)
modulates specific behaviours and expression of
N-methyl-p-aspartate (NMDA) receptor genes
in mice

Henri Schroeder!, Nathalie Grova?, Emmanuel Prod-

homme 2, Sophie Farinelle?, Anne Valley !, Claude P.
Muller?2

! Neurosciences Comportementales, URAFPA, INRA
UFC340, Nancy, France; 2 Institute of Immunology,
LNS, Luxembourg

The behavioural performances of adult female mice
chronically exposed to BaP (0.02-200 mg/kg/day, 10
days, i.p.) were monitored in tests related to spatial learn-
ing and memory (Y maze, Morris water maze), anxiety
(elevated-plus maze, hole-board test), locomotor activ-
ity (open-field), and motor coordination (Locotronic
apparatus). At low doses (0.02 and 0.2mg/kg), BaP
impaired short-term learning and memory capacities
in both mazes. Surprisingly, in the Y maze, perfor-
mances of mice exposed to the highest dose of BaP
(200 mg/kg) were similar to those of control animals.
A desinhibition state, possibly related to an anxiolytic-
like effect of BaP was observed in these two situa-
tions and may have blurred the learning deficit in these
mice when they were faced with a new situation. In the
elevated-plus maze and the hole-board apparatus, BaP-
treated mice (200 mg/kg) appeared to be less anxious
than controls, reflected by significant increases of the
time spent in the open arms (+19.5%), and the total
number of head-dips (+21%). None of these effects
are related to motor impairments because of the lack
of effects of BaP on locomotor activity and motor
coordination. Blood and brain levels of BaP and its
metabolites were investigated using an HPLC method.
The results showed a statistical correlation between the
dose and the blood and cerebral levels of BaP and its
metabolites. The chronic administration of BaP was also
demonstrated to modulate the gene expression of gluta-
mate NMDA receptor NR1, NR2a and NR2b subunits
in various brain areas. In hippocampus, NR1 subunit
mRNA expression increased up to 17-fold in a dose-
dependent manner whereas NR2a and NR2b expres-
sion remained unchanged. Moreover, an overexpres-
sion of NR2a in temporal cortex was observed at the
two lowest doses (0.02 and 0.2 mg/kg) followed by a
decrease at 2-200 mg/kg of BaP. In conclusion, these
results suggest a relationship between the behavioural
impairments induced by a chronic exposure to BaP, its
blood and brain concentrations, and the regional expres-
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sion of NMDA-NR1, NR2a and NR2b mRNA in the
brain.

doi:10.1016/j.toxlet.2006.06.055
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Effects of developmental exposure to methylmercury
and PCB153 on cholinergic receptors at weaning and
puberty in the rat

A.F. Castoldi !, E. Roda2, L. Manzo 12, T. Coccini !

UToxicology Division, IRCCS Maugeri Foundation,
Italy; 2 University of Pavia, Pavia, Italy

The susceptibility of the developing nervous system to
methylmercury (MeHg) and ortho-substituted PCBs is
well established according to epidemiological and exper-
imental evidence.

The effects of the oral administration to rat dams of
MeHg (0.5 mg/kg/day) and/or PCB153 (5 mg/kg/day)
from GD7 to PND21 were investigated on the density
(Bmax) of cholinergic muscarinic receptors (MRs) in
the cerebral cortex, cerebellum, hippocampus and stria-
tum of male and female offspring on PND21 (weaning)
and on PND36 (puberty) by saturation *H-QNB binding
studies.

In cerebral cortex, MeHg and PCB 153, administered
either alone or combined, produced delayed (PND36)
receptor changes, in that all treatment types decreased the
density of MRs to a similar extent (10-20%) in both gen-
ders and no additive/synergistic effects were observed.
At the earlier time point (PND21), only PCB153 alone
affected MRs, causing a 10% decrease and a 20%
increase in B values in male and female rats, respec-
tively (control values: 714 +45 and 605 % 34 fmol/mg
protein, respectively).

In cerebellum, a common finding to males and
females (control Bp,x =71+ 14 and 76 42 fmol/mg
protein) was the MeHg-induced 15% decrease in MR
density, in the absence of any effect elicited by PCB153,
either alone or combined, on PND21. Notably, MeHg
decreasing effect persisted in the male cerebellum up
to postnatal day 36. Besides in the same gender there
was also a delayed decrease in MR number caused by
PCB153 alone and combined with MeHg. At variance,
at the same developmental age, the female cerebellum
did not display any alteration in MR number. Binding
experiments in striatum and hippocampus are still ongo-
ing.

Low doses of MeHg and PCB153, given alone
throughout the prenatal and lactational periods, affect the
MRs density of weanling and pubertal rats in a brain area-
and gender-dependent fashion: notably, some changes

with early onset persist up to puberty, while other modi-
fications become manifest only at the delayed time point.
Concerning mixture, no additive or sinergistic effects of
the individual compounds are observed on this endpoint.

(Grants from EU: FOOD-CT-2003-506543; and from
Italian Ministry of Health).

doi:10.1016/j.tox1et.2006.06.056
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Pharmacovigilance: The French Experience

Jacques Descotes
Poison Center and Pharmacovigilance Unit

Pharmacovigilance was started in France in 1974 and
became fully operational in 1984. Today, there is a total
of 31 regional centres located in major university hospi-
tals. These centres are mainly financed by each hospital
administration and an annual grant of the Ministry of
Health. They serve several functions, namely the identi-
fication, evaluation, prevention and reduction of adverse
drug reactions (ADRs). Data on ADRs is collected either
from spontaneous reporting (reporting of severe or new
ADRs is alegal obligation), or periodical visit to selected
hospital wards. After medical validation including causal
relationship assessment, this data is entered in a national
computerized databank. This confidential data can be
accessed online by each centre. All centre directors meet
every other month as a Technical Pharmacovigilance
Committee in the Ministry of Health to share new infor-
mation and identify urgent issues that require further
in-depth inquiries. When judged necessary, the conclu-
sion of inquiries is presented to a multidisciplinary panel
of experts, the National Pharmacovigilance Committee,
to suggest measures to be taken by health authorities.
Another important function of regional centres is infor-
mation toward health professionals. Indeed, most ADRs
are reported via inquiries from medical doctors or phar-
macists who need assistance for the diagnosis of a patho-
logical condition in a given treated patient. Therefore,
Pharmacovigilance centres often serve as drug infor-
mation centres and this includes, for instance, advice
on drug therapy in pregnant or lactating women, the
risk of drug associations and drug treatment in at-risk,
e.g. elderly patients. Information is also accomplished
by participating in postgraduate and continuing edu-
cation programmes, and publishing Pharmacovigilance
bulletins distributed locally or regionally. More recently,
a new role of Pharmacovigilance centres emerged: the
evitability of ADRs in relation to inappropriate use,
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inaccurate prescription, or inadequate labelling. Most
regional centres function within clinical pharmacology
departments, and a few in poison centres. The staff com-
prises of medical doctors, usually clinical pharmacolo-
gists, and pharmacists. Because of their expertise in the
management and validation of ADRs, they often serve
as experts to local health authorities, e.g. drug hospital
committees, and the French Agency on Health Products
(AFSSAPS).

doi:10.1016/j.toxlet.2006.06.057
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WHO perspective on pharmacovigilance in develop-
ing countries

Mary R. Couper
World Health Organization, Geneva, Switzerland

Development of pharmacovigilance in resource poor set-
tings of Africa faces several challenges. The biggest
challenge is the absence of qualified personnel to carry
out pharmacovigilance work and the acute lack of
resources and political commitment. Other problems
include poor communication facilities, unbridled and
uncontrolled supply of medicines and absence of func-
tional national drug regulatory authorities.

The WHO Programme for International Drug Mon-
itoring, which was established in 1968 has, to date, 79
countries as full members to the programme and 19 asso-
ciate members. Of these only six full member countries
are from Sub-Saharan Africa where pharmacovigilance
is still often considered a luxury. However, in many
of these countries, treatment programmes are being
expanded rapidly following the release of significant
funding for procuring medicines for treating malaria,
tuberculosis and HIV/AIDS. Not infrequently, several
disease control initiatives, involving the administration
of several medicines, are carried out among the same
population, with little or no understanding of how these
various medicines could interact. Moreover, the condi-
tions and populations in which many of these medicines
were tested often differ radically from the conditions and
populations of large-scale treatment programmes. Rec-
ognizing this and conscious of the resource constraints
in introducing a fully-fledged ‘generic’ pharmacovigi-
lance programme, WHO is now seeking to roll-out a
programme of ‘disease-driven’ pharmacovigilance; dis-
ease programme managers are being trained to monitor
and manage adverse reactions to medicines in specific
public health programmes as a first step towards intro-
ducing pharmacovigilance into countries. It is hoped that
with time, individuals thus trained would teach others

the basics of ADR surveillance and help set-up nation-
wide monitoring for all types of medicines. WHO is now
organizing a series of training workshops, for introduc-
ing pharmacovigilance into public health programmes.

doi:10.1016/j.toxlet.2006.06.058
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Issues with pharmacovigilance in Eastern Europe
countries: The industry perspective
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Croatia

The new EU pharmaceutical legislation emphasises the
importance of ensuring the continued safety of medici-
nal products in use with the main purpose to protect the
public health. To fulfill this task the Member States are
obliged to establish pharmacovigilance systems, which
could be continually adapted to take account of scientific
and technical progress. The Eastern European coun-
tries are oriented towards the same goal on their way to
the community. They are building the legal framework,
which could enable the transposition of the European
standards into the national legislation on medicines. At
the same time, they are establishing or adapting their
national pharmacovigilance system with the aim to make
it as close as possible to the European model.

Structure and functioning of the pharmacovigilance
system in Croatia will be presented. Croatia has a long
tradition in the follow-up and reporting of adverse drug
reactions. It has been the WHO collaborative center for
ADRs reporting since 1974. As the EU accession coun-
try, Croatia is in a phase of harmonization of the national
legislation on medicines with the new European require-
ments. It has also established the new pharmacovigilance
system in which the Croatian Agency for Medicines and
Medical Devices is acting very actively involving all
stakeholders—pharmaceutical industry, healthcare pro-
fessionals and patient organizations.

As the Croatian pharmaceutical company, Belupo is
faced with a lot of changes in the field of pharmacovigi-
lance in Croatia as well as in the Eastern Europe countries
outside the EU, which are traditionally Belupo’s tar-
get markets. Belupo’s accumulated experience from the
mentioned countries will be compared with its experi-
ence of the EU system (EudraVigilance, data sources,
PSURs, etc.).

Pharmacovigilance is an important task for pharma-
ceutical industry as well as for all other stakeholders. The
current system in the all mentioned countries could be
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improved to rationalize and strengthen the system, mak-
ing more efficient use of the resources available within
pharmaceutical industry and the Regulatory Authorities,
especially related to the medicinal products which have
been on the market for a relatively long period of time
(“established” products).

doi:10.1016/j.tox1et.2006.06.059
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OMICS research adds substantially to the safety
assessment of chemicals: The case against

Alan R. Boobis
Imperial College London, UK

Omics technologies, which include genomics, transcip-
tomics, proteomics and metabonomics, offer tremendous
potential in toxicological research. However, the logis-
tical, statistical, bioinformatic and biological challenges
in their application and interpretation of the data are
formidable. Their very power, and the amount of infor-
mation that can be generated, demands that fitness for
purpose be established before they be used to help make
key decisions on the safety of chemicals. The potential
contributions of omics approaches in hazard identifica-
tion, hazard characterisation, exposure assessment and
risk characterisation will be addressed and the reasons
why omics have not yet added substantially to the safety
assessment of chemicals will be discussed.

doi:10.1016/j.toxlet.2006.06.060
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Motion: “Omics are of Value in Safety Evaluation”

Dan Nebert
University of Cincinnati, Cincinnati, OH, United States

Pro the Motion: The two most important factors affect-
ing interindividual risk of an environmental disease (tox-
icity or cancer) are [a] the amount and type of environ-
mental exposure and [b] one’s genes. Highly accurate
(Comics) tests for genetic susceptibility to toxicity and
cancer have been sought, in order to identify individu-
als at increased risk; this type of research represents the
leading edge of genotype-phenotype association stud-
ies, and is a major goal of public health and preventive
medicine programs. The latest promising advances, as
well as shortcomings—in the fields of genomics, tran-
scriptomics, proteomics, and metabonomics—will be

examined. How soon will we be able to determine with
certainty an unequivocal phenotype or genotype?

doi:10.1016/j.toxlet.2006.06.061

S6 Factors Governing Susceptibility to Chemical
Allergy

54
Impact of the route and characteristics of exposure on
the acquisition of sensitisation to chemical allergens

Rebecca J. Dearman
Syngenta CTL Macclesfield, Cheshire, UK

Many chemicals cause skin sensitisation resulting in
allergic contact dermatitis, a delayed type hypersensi-
tivity reaction. Chemical respiratory allergy is also an
important occupational health problem, but there are
currently available no validated methods for hazard iden-
tification. This is partly due to the fact that the rele-
vant cellular and molecular mechanisms of sensitisation
of the respiratory tract remain uncertain, with particu-
lar controversy surrounding an obligatory role for IgE.
There is now increasing evidence that respiratory sen-
sitisation is associated with the preferential activation
of type 2 T lymphocytes and the expression of type 2
cytokines. Type 2 cell products favour immediate type
hypersensitivity reactions, serving as growth and dif-
ferentiation factors for mast cells and eosinophils, the
cellular effectors of the clinical manifestations of the
allergic reactions, and promoting IgE antibody produc-
tion. In contrast, chemical contact allergens induce type
1 cytokine expression profiles. For chemical respira-
tory allergens in particular, there is debate also regard-
ing the routes through which exposure may result in
the acquisition of respiratory sensitisation. Although
inhalation is probably the most important and the most
common route of exposure to chemical respiratory aller-
gens, there is experimental evidence, and some limited
clinical data to suggest that skin contact may result in
sensitisation of the respiratory tract. Trimellitic anhy-
dride (TMA), a known respiratory allergen, and 2,4-
dinitrochlorobenzene (DNCB), a potent contact allergen
that is considered not to cause sensitisation of the res-
piratory tract, have been used as reference allergens
and induced immune responses characterised in BALB/c
strain mice. It has been demonstrated that DNCB and
TMA provoke type 1 and type 2 responses, respectively,
with respect to antibody isotype and cytokine profiles,
regardless of whether sensitisation is via inhalation or the
skin. These data demonstrate that the ability of chemi-
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cal allergens to provoke divergent qualities of immune
response in mice is not a function of the route through
which primary sensitisation is acquired, but is related to
the inherent properties of the different classes of chem-
ical sensitiser.

doi:10.1016/j.toxlet.2006.06.062
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Heritable and acquired factors influencing suscepti-
bility to skin sensitization

Axel Schnuch

Information Network of Departments of Dermatology
(IVDK), University of Gottingen, Germany

Only a part of the general population exposed to ubiqui-
tous allergens and only a part of workers exposed to
occupational allergens are sensitized to contact aller-
gens. Under the condition that allergen exposure (in
terms of dose and potency) is adequately considered, this
subgroup of individuals can be qualified as being more
susceptible. Although it is established, that acquired and
inherent “factors” are involved, the nature of these fac-
tors governing susceptibility is not fully understood. The
most important acquired factor increasing susceptibil-
ity is pre-existing dermal inflammation very probably
enhancing (a) permeation of an allergen and (b) the spe-
cific immune response (“danger signal”). Certain inflam-
matory dermatosis like irritant contact dermatitis (e.g.
through wet work), or stasis dermatitis and perianal der-
matitis (probably caused by alterations of the venous
blood flow) are associated with sensitization to even
weak allergens. In addition to acquired factors, inherent
(genetic) factors must play a role in increased suscep-
tibility for allergic contact dermatitis (ACD), as was
shown by numerous experimental and epidemiological
studies, in particular experimental sensitization in twin
studies. Yet the “genetic factors” themselves, neither in
terms of genotype nor phenotype, were not identified.
The lack of conclusive results in the study of the genet-
ics of ACD is probably due to an insufficient definition
of “susceptibility”, as, in principle, the immune system
of every human is capable to mount a cellular immune
response, which indicates a graded susceptibility rather
than an “all or none” disposition, as in certain genetic
diseases. We propose the phenotype of “multiple sensi-
tization” (MS) to be studied further. Patients with MS are
sensitized more easily to dinitrochlorobenzene (DNCB)
(Mossetal.), and, according to our studies (IVDK), are at
a greater risk: (a) to be sensitized to a further allergen, (b)
to exhibit stronger allergic reactions, and (c) to be sen-
sitized to even weak allergens. First findings from the

IVDK of functionally relevant genetic polymorphisms
(TNF-alpha, IL-16) in MS are promising steps in the
future study of the genetics of ACD.

doi:10.1016/j.toxlet.2006.06.063
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Heritable and acquired factors influencing suscepti-
bility to chemical respiratory allergy

Piero Maestrelli
University of Padova, Padova, Italy

Chemical respiratory allergy can affect lungs and
nose causing occupational asthma (OA) and rhinitis.
These occupational diseases are probably the result
of multiple environmental, behavioral and genetic
influences.

Occupational exposure is the most important determi-
nant of whether respiratory allergy develops. In general,
the higher the level of exposure the more likely is the
occurence of sensitization. However, there is still a lack
of information regarding the risk of sensitization at low
concentrations and the existence of a “no-effect level”.
Even if the level of exposure is a critical factor for the
development of OA, given the same level of exposure,
only a small proportion of workers will develop respira-
tory allergy, suggesting that host susceptibility may be
involved.

Various host risk factors for OA have been estab-
lished. Cigarette smoking has been reported to be asso-
ciated with the development of OA in workers exposed
to platinum salts and anhydride compounds, which are
chemicals that cause asthma through an IgE mechanism.
In contrast, cigarette smoking does not increase the risk
of asthma caused by other low-molecular-weight agents,
such as diisocyanates and red cedar, for which a specific
IgE is not usually considered the main mechanism of the
development of the disease.

Whereas skin reactivity to common inhalants is a pre-
disposing factor in workers exposed to high-molecular-
weight agents, atopy is not a risk factor for asthma
induced by low-molecular-weight agents such as west-
ern red cedar or diisocyanates.

Major histocompatibility complex class II proteins
may be important factors in the individual response
to occupational agents such as acid anhydrides, diiso-
cyanates, western red cedar, complex platinum salts,
natural rubber latex, and animal proteins. A second pool
of genes that could be involved in respiratory allergy
to diisocyanates is the superfamily of glutathione S-
transferase, a family that is critical for protecting cells
from oxidative stress products. However, the associ-
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ation between glutathione S-transferase genotype and
susceptibility to occupational asthma induced by diiso-
cyanates remains controversial. A genetic variation in
N-acetyltransferase, another antioxidant enzyme sys-
tem, was shown to be associated with the risk of
diisocyanate asthma, with slow acetylators being more
susceptible.

doi:10.1016/j.toxlet.2006.06.064
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Incorporation of susceptibility factors in the develop-
ment of differentiated risk assessments

G. Frank Gerberick, Petra Kern, Cindy
Pauline M. McNamee

A. Ryan,

The Procter & Gamble Company, OH, USA

A number of chemicals used in consumer products today
have the potential to cause allergic contact dermatitis
(ACD). However, the fact that a chemical is a skin sen-
sitizer does not mean it cannot be formulated safely into
consumer products. In recent years, the application of
the principles of exposure-based quantitative risk assess-
ment (QRA) has been introduced in the contact dermati-
tis literature. This work has progressed well due to our
understanding of the chemical, cellular and molecular
mechanisms underlying ACD. Thus, it has been possible
to develop a QRA approach to determine safe levels of
ingredients identified as potential skin sensitizers (e.g.,
some fragrances ingredients, some preservatives) in dif-
ferent consumer product types. Key steps of the QRA
process are determination of known safe benchmarks,
application of sensitization assessment factors and cal-
culation of consumer exposure through normal product
use. Using these parameters, an acceptable exposure
level (AEL) can be calculated and compared with the
consumer exposure level (CEL). The ratio of the AEL
to CEL must be favorable to support the safe use of
an ingredient identified as a potential skin sensitizer.
This ratio must be calculated for the ingredient in each
product type. This presentation describes the key princi-
ples and steps of an exposure-based QRA for induction
of skin sensitization: (1) determination of known safe
benchmarks (no expected sensitization induction level
or NESIL); (2) application of sensitization assessment
factors (SAFs); (3) calculation of an acceptable expo-
sure level though application of the SAFs to the NESIL;
(4) calculation of consumer exposure through product
use; (5) comparison of the AEL to the CEL and (6)
the impact of the AEL to CEL ratio are described. In
addition, the presentation will focus on the various sus-
ceptibility or assessment factors that must be carefully

considered for conducting a sound QRA for skin sensi-
tization (e.g., inter-individual variability).

doi:10.1016/j.toxlet.2006.06.065

S7 Aryl Hydrocarbon Receptor (AhR) Novel Molec-
ular and Toxicological Aspect
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AhR-dependent gene expression

Allan Okey

University of Toronto, Department of Pharmacology,
Toronto, Ontario, Canada

The aryl hydrocarbon receptor (AHR) is a ligand-
responsive transcription factor that regulates induction
of multiple xenobiotic-metabolizing enzymes and also
mediates all major toxic effects of dioxin-like com-
pounds. Dioxin toxicity is triggered by alteration of gene
expression but the specific genes whose dysregulation
by dioxins leads to toxicity are not yet known. Our lab-
oratory is using gene expression arrays to identify the
full spectrum of dioxin-responsive genes in tissues from
rodents treated in vivo with 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD). Hundreds of genes exhibit altered
expression (both “upregulation” and “downregulation”)
in livers of TCDD-treated rats or mice. In order to
determine which of these dioxin-responsive genes are
mechanistically important in dioxin toxicity we are con-
trasting gene expression in dioxin-sensitive rat strains
with gene expression in the Han/Wistar (Kuopio) rat
strain which is very highly resistant to TCDD toxicity.
The resistant H/W rat strain has a polymorphism that
deletes 38 or 43 amino acids from the AHR transactiva-
tion domain. Genes in the conventional AH gene battery
(e.g. CYPIAI, CYPIA2, CYPIBI, ALDH3Al, NQOI
& UGTIAI) remain responsive to TCDD in H/W rats
despite the large deletion in the transactivation domain.
However, the deletion may selectively alter the recep-
tor’s ability to dysregulate particular genes that are key
to dioxin toxicity. In order to identify the full suite of
genes whose response to dioxins is truly dependent on
the AHR we used expression arrays to compare gene
expression in livers of Ahr-null mice (Ahr—/—) with
that in mice with wildtype AHR (Ahr+/+). Expression
of over 400 genes was significantly altered by TCDD
in an AHR-dependent manner, including high induction
of the flavin-containing monooxygeneases, Fmo2 and
Fmo3, previously considered to be uninducible. Very
few genes were responsive to TCDD in Ahr—/— mice,
confirming that the AHR is required for virtually all tran-
scriptional responses to TCDD. In the absence of TCDD,


dx.doi.org/10.1016/j.toxlet.2006.06.064
dx.doi.org/10.1016/j.toxlet.2006.06.065

Abstracts / Toxicology Letters 164S (2006) S1-S324 S31

AHR status per se affected constitutive expression of
about 400 genes including the metallothioneins Mtl and
Mt2 and a serine proteinase inhibitor, Serpinal2. These
array experiments are narrowing the list candidate genes
to be further tested for their roles in dioxin toxicity and
in normal development.

doi:10.1016/j.tox1et.2006.06.066
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A possible role for the AhR in regulating stress hor-
mones and pigmentation

Agneta Rannug
Karolinska Institutet, Stockholm, Sweden

The overall aim of our current research is to advance the
knowledge of the endogenous function of the aryl hydro-
carbon receptor (AhR). Ligands for the AhR up regu-
late cytochrome P450 enzymes, in particular CYP1A1
that metabolically convert many exogenous substances
to hydrophilic metabolites. However, the ubiquitous
nature and evolutionary conservation of the AhR and
its involvement in multiple forms of cross-talk that reg-
ulate important physiological functions suggest a role
of the AhR other than a mere defense against environ-
mental contaminants. Our hypothesis defines a function
for the AhR in adapting biological functions to changes
in environmental light. The hypothesis is based on the
finding of tryptophan UV photoproducts with very high
AhR binding affinity, which are substrates for the AhR-
battery of biotransformation enzymes and extremely
active transient activators of AhR-regulated responses.
These photoproducts are formed also with visible light in
the presence of the photosensitizing vitamin riboflavin.
Based on the observations of photoproducts as potent
AhR ligands and the known toxic effects of metabolically
inert AhR ligands such as 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD) in the skin of exposed humans, we focus
the studies on the role of the AhR and its ligands in light-
regulated functions in skin cells in vitro. TCDD causes
severe toxicity due to activation of peripheral as well
as systemic stress responses and interaction with cell
cycle progression. One such stress response, which we
have detected in primary human melanocytes is activa-
tion of the melanin producing enzyme tyrosinase at 1 nM
concentration of TCDD. The tryptophan photoproduct 6-
formylindolo[3,2-b]carbazole, FICZ, also seems to acti-
vate melanogenesis. These results speak in favour of a
role for the AhR in adaptation to light.

doi:10.1016/j.toxlet.2006.06.067
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Physiological roles of AhR in murine reproductive
and immunological processes

Yoshiaki Fujii-Kuriyama 1 Takashi Baba!, Junsei

MimuraZ2, Masayuki Yamamoto 3, Ken-ichiro

Morohashi

YTARA Center, University of Tsukuba, Tennoudai I-
1-1, Tsukuba, Ibaraki 305-8577, Japan; 2 National
Institute for Basic Biology, Higashiyama 5-1, Myodaiji-
cho, Okazaki, Aichi 444-8787, Japan; 3 SORST, JST,
Honcho 4-1-8, Kawaguchi, Saitama 332-0012, Japan;
4 ERATO, JST, Honcho 4-1-8, Kawaguchi, Saitama 332-
0012, Japan

AhR was originally found as a binding factor for 2,3,7,8-
tetrachloro-p-dioxin (TCDD) with great avidity and later
identified as a ligand-activated transcription factor which
activates the expression of xenobiotic-metabolizing
CYPIAI gene by binding to an inducible enhancer,
XRE in the promoter. Gene disruption experiments
revealed that in addition to induction of the xenobiotic-
metabolizing enzymes, AhR mediates pleiotropic toxi-
cological and pharmacological effects by polycyclic aro-
matic hydrocarbons (PAHs) such as teratogenesis, tumor
promotion, immunosuppression, and endocrine disrup-
tion. Despite its mediator functions in these adverse
biological effects by PAHs, AhR is conserved well in
the animal kingdom from nematode to mammalians,
suggesting that AhR plays an important role in animal
physiological processes. These adverse effects may be
thought to be the reverse side of the multiple physiolog-
ical functions of AhR. Recently, many scientific efforts
have been devoted to these lines of investigations such
as liver angiogenesis, immunology and reproduction.

Here, focusing on the reduced fertility of female
AhR-null mice, we carried out the experiments to show
that AhR plays a crucial role in female reproduction
by regulating the expression of ovarian P450 aromatase
(CYP19), a key enzyme for estrogen synthesis. Interest-
ingly, AhR activated CYP19 gene transcription coopera-
tively with a nuclear receptor family protein, Ad4BP/SF-
1 as revealed by the in vitro transient DNA transfection
assay and in vivo chromatin immunoprecipitation (Chip)
assay using ovarian granulosa cells.

We have recently found that AhR functions down-
stream of the TLR signal transduction pathway and will
also discuss the functional role of AhR in the immuno-
logical processes.

doi:10.1016/j.toxlet.2006.06.068
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A role for the aryl hydrocarbon receptor (AhR) in the
homeostatic control of circadian behavior

Lynn T. Frame 1 Ying Liu 2 Min Lian?2, Wang Li 3

L Texas Tech Health Sciences Center Lubbock, Texas,
USA; ? Texas Tech University, Department of Environ-
mental Toxicology, Texas, USA; 3 Texas Tech University
Health Sciences Center, Department of Pharmacology
and Neurosciences, Texas, USA

Polyhalogenated dibenzo-p-dioxins (PCDDs), dibenzo-
furans (PCDFs) and biphenyls (PCBs) are persistent
environmental contaminants, which bioaccumulate in
the food chain and concentrate in human adipose tis-
sue. The toxic effects of “dioxin-like compounds” are
mediated by the aryl hydrocarbon receptor (AhR), an
evolutionarily conserved transcription factor related to
circadian clock proteins. Much of the available experi-
mental data point to endogenous functions for the AhR.
However, no overarching “definition” exists to explain
its co-evolution with circadian clock proteins, its impor-
tance for normal development, and its strategic position
as mediator of environmental disease risks. These gaps
in our understanding of AhR biology limit our ability
to assess risks associated with dioxin exposure and, in
turn, limit our ability to formulate policies that protect
environmental and human health. Several years ago, we
proposed a role for the AhR in the homeostatic control of
circadian behavior. In this research update, we summa-
rize data from recent experimental and epidemiological
studies, which lend further support to this hypothesis.
We focus on data from studies in laboratory rodents,
which indicate a role for AhR signalling in the consol-
idation of behavioral states and adaptation (or “entrain-
ment”) to environmental cycles of varying duration. In
our “working model”, therefore, we propose that the
AhR co-evolved with other PAS-domain containing pro-
teins for behavioral adaptation to environmental stress.
We close with an overview of research options for the
future.

doi:10.1016/j.toxlet.2006.06.069
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Mechanisms of AhR-dependent carcinogenicity in
rats

Dieter Schrenk

Food Chemistry and Environmental Toxicology, Uni-
versity of Kaiserslautern, D-67663 Kaiserslautern,
Germany

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) has been
classified as a human carcinogen by the International
Agency for Research on Cancer (IARC, 1997). TCDD
acts as a liver carcinogen in female but not in male
Sprague—-Dawley rats (Kociba et al., 1976) and as a
potent tumour promoter in two-stage rat initiation-
promotion assays for hepatocarcinogenicity. Most if not
all of TCDD’s effects are mediated by activation of
the cytosolic arylhydrocarbon receptor (AhR) a nuclear
transcription factor which enhances the transcription
of a wide spectrum of genes, including cytochrome
P450 (CYP) 1A1, 1A2 and 1B1. The tumour-promoting
action of TCDD is probably related to its ability to
suppress apoptosis in preneoplastic liver foci (Stinch-
combe et al., 1995). In UV-treated rat hepatocytes in
primary culture addition of 1 nM TCDD significantly
suppressed apoptosis (Woerner and Schrenk, 1996). Fur-
thermore, it led to a pronounced attenuation of the p53
response otherwise observable after UV-treatment. Con-
comitant hyperphosphorylation of p53 indicates that an
AhR-dependent kinase activity may be involved in these
effects.

Both permanent ligand-independent AhR activation
(in transgenic mice; Andersson et al., 2002) as well as
TCDD treatment without preceding application of an ini-
tiator can lead to tumour formation. In TCDD-treated
female but not male Sprague-Dawley rats, estradiol-
dependent increases in oxidative DNA damage (8-oxo-
deoxyguanine; 8-oxo-dG) were observed (Wyde et al.,
2001). In rodent but not in human hepatoma cells
TCDD treatment also led to enhanced formation of reac-
tive oxygen species (ROS) and 8-oxo-dG. In female-
derived rat hepatocytes this effect was enhanced by
co-treatment with estradiol for 48 h. Furthermore, estra-
diol can also be metabolised by AhR-regulated CYPs
to estradiol-3,4-quinone, which can bind covalently
to DNA.

In summary, TCDD acts as a rat liver carcinogen
probably via several mechanisms: (1) it suppresses apop-
tosis of preneoplastic or otherwise damaged hepatocytes
vianot completely elucidated, probably AhR-dependent,
signalling pathways, (2) it leads to enhanced formation
of ROS and oxidative DNA damage which is facilitated
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by estradiol, and (3) it may lead to increased forma-
tion of estradiol metabolites covalently binding to liver
DNA.

doi:10.1016/j.toxlet.2006.06.070
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Exposure to ultrafine particles and respiratory health
effects

Juha Pekkanen -2

! Environmental Epidemiology Unit, National Public
Health Institute, Kuopio, Finland; > Department of Pub-
lic Health and Clinical Nutrition, University of Kuopio,
Finland

There is convincing evidence from numerous time series
studies that daily variations in ambient air fine particulate
pollution (PM3 5, PM1g) are associated with respiratory
health. However, it is not known which characteristics
of particulate matter are responsible for this associa-
tion, is it the chemical composition of particulate mat-
ter and/or the large number concentration of ultrafine
particles (<0.1 wm in diameter) in urban air. Vehicular
traffic is the main source of ultrafine particles in urban
air.

There have been relatively few epidemiological stud-
ies on ultrafine particles. Most have been panel stud-
ies looking at daily variation in respiratory symptoms
and lung function. Several, but not all, of these studies
have suggested that daily variation in ultrafine particles
number concentrations are more strongly or as strongly
associated with daily variation in respiratory health than
PMjg or PM; 5. There are also few studies suggesting
associations with respiratory mortality.

A major factor that may produce bias in these stud-
ies is the measurement of human exposure. Time series
studies usually use ambient air measurements at one
central site of a city as proxy for the time variation
in personal exposure. However, there are no studies
on the correlation between the ambient air and per-
sonal exposure concentrations of ultrafine particles. The-
oretical consideration and studies looking at indoor
ultrafine particles suggest that this correlation is worse
that for PM, s, for which the correlation has been
shown to be fairly good. This suggests the need to fur-
ther develop methods to assess exposure to ultrafine
particles.

This presentation reviews and presents new data
on epidemiological studies on the association between

ultrafine particles and respiratory health and on exposure
assessment of ultrafine particles.

doi:10.1016/j.toxlet.2006.06.071
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Association between ultrafine particles and cardio-
vascular diseases

Francesco Forastiere

Department of Epidemiology, Rome E Health Authority,
Rome, Italy

The short-term effects of air pollution on daily mor-
tality and hospital admissions have been well estab-
lished on the basis of the large multi-city studies con-
ducted in the US and in Europe. Consistent associ-
ations have been found when gravimetric measure-
ment of particulate matter has with particles of diam-
eter < 10 wm or in some investigations with particles
<2.5 in diameter. Ultrafine particles (diameter < 0.1 pwm)
in urban air represent a potentially important health
risk, and are not well characterised by mass measure-
ments like PMjo or PMj 5. However, there are only
scanty data on the association between ultrafine parti-
cles and mortality or morbidity end-points. Wichmann
et al. (2000) reported that over a 3-year period the
concentrations of both ultrafine (<0.1 wm in diameter)
and fine particles (0.1-2.5 um) in the ambient air of
Erfurt, Germany, were similarly associated with mor-
tality in a distributed lag model where the contribu-
tion of the previous 4-5 days was evaluated. In two-
pollutant models, associations of ultrafine and fine par-
ticles were largely independent of each other. In a recent
investigation in Rome, the association between daily
ambient air pollution levels (particle number concen-
tration (PNC)—a proxy for ultrafine particles (diame-
ter<0.1 wm), PMg, CO, NO;, and O3) and the occur-
rence of fatal non-hospitalized coronary events was
evaluated. A 7.6% increase (95% CI 2.0-13.6) for an
interquartile range of PNC (27,790 particles/cm?®) was
found but a strong effect of PM10 was also detected
(Forastiere et al., 2005). Finally, in a cohort of post-
myocardial infarction survivors recruited in five Euro-
pean cities, the risk of subsequent cardiovascular re-
hospitalization was associated with both PM( and ultra-
fine particles (von Klot et al., 2005). We have eval-
uated the association of PNC and PM;p with both
daily mortality and hospital admissions for cardio-
vascular and respiratory causes in the Rome popula-
tion during the period 1998-2004. Results are pre-
sented in order to examine whether the two pollutants
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exert an independent effect also considering the lag
structure.

doi:10.1016/j.toxlet.2006.06.072
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Translocation and accumulation of nanoparticles in
secondary target organs after uptake by various
routes of intake

Wolfgang G. Kreyling

GSF-National Research Center for Environment and
Health, Institute of Inhalation Biology, and Focus
Network Aerosols and Health, D-85746 Neuher-
berg/Munich, Germany

Nanoparticles are increasingly used in a wide range of
applications in science, technology and medicine. Since
they are produced for specific purposes which cannot be
met by larger particles and bulk material they are likely to
be highly reactive, in particular, with biological systems.
On the other hand a large body of know-how in environ-
mental sciences is available from toxicological effects
of ultrafine particles after inhalation. Since nanopar-
ticles feature similar reactivity as ultrafine particles a
sustainable development of new emerging nanoparticles
is required.

Cardio-vascular effects observed in epidemiological
studies triggered the discussion on enhanced transloca-
tion of ultrafine particles from the respiratory epithelium
towards circulation and subsequent target organs, like
heart, liver, spleen and brain, eventually causing adverse
effects on cardiac function and blood coagulation, as well
as on functions of the central nervous system. There is
clear evidence that nanoparticles can cross body mem-
branes and reach and accumulate in the above mentioned
secondary target organs.

To quantitatively determine accumulated fractions in
such organs the ultimate aim is to quantitatively balance
the fractions of nanoparticles in all interesting organs
and tissues of the body including the remainder body
and total excretion collected between application and
autopsy. Substantial uncertainty remains if only selected
organs are analyzed. Furthermore, in case of analysis
based on a label (radioactive, fluorescent, magnetic, etc.)
firm fixation of the label to the nanoparticles need to
be demonstrated. Since these gross determinations of
nanoparticle contents in organs and tissues do not pro-
vide microscopic information on the anatomical and
cellular location of nanoparticles such studies are rec-
ommended to be complemented by electron microscopy
analysis.

In addition, the role of particle parameters deter-
mining this translocation dynamics remains to be not
fully understood. Nanoparticle parameters such as size,
hydro-/lipophilicity, surface charge, surface ligands and
their possible exchange in various body fluids need to be
considered. The current knowledge on systemic translo-
cation of ultrafine particles in man and animal models
and an estimate of accumulating particle number, surface
area and mass in secondary target organs during short-
term and chronic exposure will be discussed in order to
demonstrate the relevance of translocated fractions of
nanoparticles.

doi:10.1016/j.toxlet.2006.06.073
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Inflammatory effects and oxidative stress caused by
ultrafine particles in experimental systems

Ken Donaldson

Queens Medical Research Institute, University of Edin-
burgh, Edinburgh, UK

A substantial literature demonstrates that the main ultra-
fine particles found in ambient urban air are combustion-
derived nanoparticles (CDNP) which originate from a
number of sources and pose a hazard to the lungs through
their potential to cause oxidative stress, inflammation
and cancer. They also have the potential to redistribute
to other organs following pulmonary deposition and also
affect the cv system via inflammatory effects. CDNP
show considerable heterogeneity in composition and sol-
ubility, meaning that oxidative stress may originate from
different components depending on the particle under
consideration. Key CDNP-associated properties of large
surface area and the presence of metals and organics all
have the potential to produce oxidative stress. CDNP
may also exert genotoxic effects, depending on their
composition. CDNP may translocate to the brain and
also the blood, and thereby reach other targets such as
the cardiovascular system, spleen and liver. Nanotech-
nology promises to revolutionise our lives and one of
its main products is nanoparticles. These new types of
manufactured nanoparticles, e.g. nanotubes need to be
evaluated for their hazard. Research is being directed
towards understanding whether the manufactured NP
have ability cause oxidative stress and inflammation and
translocate from their site of deposition, analogously to
the CDNP.

doi:10.1016/j.toxlet.2006.06.074
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DNA damage and cytotoxic effects induced by res-
pirable quartz in human lung epithelial cells

Delia Cavallo !, Carla Fanizza?2, Cinzia Lucia Ursini !,

Emilia  PabaZ, Aureliano  Ciervo!, Arianna  Di
Francesco !, Raffaele Maiello !, Paolo De Simone 2

U Department of Occupational ~Medicine, Italy;
2 Department of Occupational Hygiene-ISPESL,
National Institute of Occupational Safety and Preven-
tion Monteporzio Catone, Rome, Italy

Respirable quartz is known to cause silicosis. Some epi-
demiological studies seem to indicate an increase of
respiratory cancer risk in long-term exposed workers.
TIARC classification of quartz as human carcinogen high-
lights the need to perform further investigations in the
field and to clarify the mechanisms of action of res-
pirable quartz at cellular level. Several in vitro studies
demonstrated a cellular internalization of quartz parti-
cles after 4h of exposure. The aim of our study was
to assess cytotoxic effects and direct-oxidative DNA
damage induced on a human lung epithelial cell line
(A549) by exposure to quartz. The cells were exposed
to SRM1878a (respirable standard a-quartz from NIST)
at 25, 50 and 100 pg/ml for 4h and analysed by scan-
ning electron microscope (SEM) and LDH release assay
for cytotoxic effects evaluation. Cells were also exposed
to 10, 25, 50 and 100 pg/ml of the same respirable
quartz for 2 and 4h and analysed by Fpg enzyme-
modified comet test to evaluate direct and oxidative DNA
damage. Observations by SEM showed a detectable
dose—effect response. Cells exposed to 25 and 50 pg/ml
of quartz showed small blebs, while microvilli got
shorter and embedded in the cell surface at the high-
est dose (100 pg/ml). A slight LDH release was found
only at 100 pg/ml. Fpg modified Comet test showed a
dose-related oxidative DNA damage in cells exposed for
2h to quartz. Cells exposed for 4h at the same con-
centrations showed a dose-related direct DNA damage
and the presence of oxidative DNA damage at lower
doses particularly at 25 and 50 pg/ml. The induction
of oxidative DNA damage by short-term exposure at
lower doses of quartz suggests the oxidative stress as
early effect of respirable quartz followed by direct DNA
damage due to DNA strand-breaks at longer exposure
times and at the highest dose. The bleb induction on
cell surface evidenced by SEM at 25 and 50 pg/ml
correlates with the presence of oxidative DNA dam-
age at 4h. The cell surface modifications found by
SEM at 100 pg/ml indicate that high doses of quartz
induce cytotoxic effects confirmed by LDH analysis

and correlate with the genotoxicity showed by comet
assay.

doi:10.1016/j.toxlet.2006.06.075
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Possible genotoxic risk in coal workers’ pneumoco-
niosis

Ozge Cemiloglu Ulker !, Aylin Ustundag !, Yalcin

Duydu ', Berran Yucesoy 2, Asuman Karakaya !

! Ankara University, Faculty of Pharmacy, Department
of Toxicology, Ankara, Turkey; * Toxicology and Molec-
ular Biology Branch, Health Effects Laboratory Divi-
sion, National Institute for Occupational Safety and
Health, Morgantown, WV, USA

Occupational exposure to coal dust causes coal workers’
pneumoconiosis (CWP) which is a chronic inflamma-
tory and fibrotic lung disease. In recent years chronic
inflammation is accepted a common important factor in
the pathogenesis of neoplasia. The chronic inflamma-
tion provides dynamic setting for oxidative stress and
formation of free radicals. Interaction of reactive oxy-
gen species (ROS) with DNA augments the likelihood
of DNA structural and transcriptional errors. To investi-
gate the genotoxic risk of occupational exposure to coal
dust in CWP patients, sister chromatid exchange (SCE)
and micronucleus (MN) tests were performed on CWP
patient group (n=23), coal workers group (n=29) and
unexposed control group (n=29). Both SCE and MN
frequencies in CWP patients were found significantly
higher than in coal workers and unexposed group. There
were no differences between coal workers and unex-
posed groups’ SCE and MN frequencies. While positive
correlations between SCE frequency and the exposure
duration time or age were found in coal workers, no cor-
relations were found in other two groups. There was no
effect of smoking on the frequencies of SCE and MN in
all three groups. Based on these results, it can be sug-
gested that development of CWP related to occupational
exposure to coal mine dust leads to a significant induc-
tion of cytogenetic damage in peripheral lymphocytes of
CWP patients.

This study was supported by Research Fund of
Ankara University (Grant number: 20030830036).

doi:10.1016/j.toxlet.2006.06.076
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Round Table Discussion Dose Dependent Transi-
tion in Mechanisms of Toxicity

69
Dose-Dependent Transitions in Mechanisms of Toxi-
city Round Table Discussion — Introduction

Nancy G. Doerrer
ILSI Health and Environmental Sciences Institute

Analysis of dose-response curves for many agents
demonstrates that multiple mechanisms exist. For exam-
ple, critical, limiting steps in any given mechanistic
pathway may become overwhelmed with increasing
exposures, signaling the emergence of new modalities
of toxic tissue injury at higher doses. Kinetic- and/or
dynamic-mediated responses may be altered in a non-
linear manner with increasing dose. Chemical-specific
case studies show that, as the dose of an agent increases,
dose-dependent transitions such as receptor interactions,
altered homeostasis, and saturation of pharmacokinetic
and repair mechanisms can and do occur. Such dose-
dependent transitions in the principal mechanism of toxi-
city could have significant impact on the interpretation of
reference data sets for risk assessment, as well as effects
seen at high doses in traditional toxicity testing, particu-
larly if such doses do not reflect relevant human exposure
levels.

The ILSI Health and Environmental Sciences Insti-
tute (HESI) undertook a project in 2001 to explore
dose-dependent transitions in mechanisms of toxicity.
In partnership with the US Environmental Protection
Agency, the US Agency for Toxic Substances and Dis-
ease Registry, Health Canada, the US National Insti-
tute of Environmental Health Sciences, the American
Chemistry Council, and the Society of Toxicology, HESI
convened a scientific workshop in 2003. The purpose
of the workshop was to demonstrate the existence of
dose-dependent transitions in mechanisms of toxicity
through examination of case studies, and provide a forum
for multi-sector discussion of data needs, experimental
design, and principles for incorporating dose-dependent
transitions into risk assessment decisions. Two scientific
papers were published in Toxicology and Applied Phar-
macology in late 2004 as a result of the multi-year effort.

Speakers will present principles for identifying, inter-
preting, and applying data on dose-dependent transitions
in mechanisms of toxicity, and will use case studies to
demonstrate how these data are used in a risk assessment
context.

doi:10.1016/j.tox1et.2006.06.077
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Dose-Dependent Transitions in Mechanisms of Toxi-
city: General Principles

Kendall B. Wallace

Biochemistry & Molecular Biology, University of Min-
nesota Medical School, Duluth, MN, USA

Current regulations mandate that evaluations of chemical
safety are based on sound and comprehensive knowl-
edge of mechanism of action cast in the context of
a well-characterized dose-response relationship. This
makes for particular challenges when extrapolating from
experimental toxicity tests performed at relatively high
doses to more subtle and perhaps prolonged exposures
of human populations. Although isolated steps along
the pathway from exposure to biological response can
be linearized and extrapolated beyond the defined dose-
response curve, extrapolating the composite of multiple
steps is oftentimes frustrated by the non-linear nature of
the complex dose-response relationship. The source for
this concern is that the path from exposure to biological
response is most usually a multivariate course involving
a host of sequential and branching processes, most of
which have finite, self-limiting capacities. For example,
absorption and disposition of an exposed dose often-
times requires active membrane translocation across a
finite number of transporter proteins each with dis-
tinct affinities for the ligand. Metabolic transforma-
tion, whether it be activation or inactivation, is another
example of active processes with finite capacities and
affinities, as is the association of the ultimate phar-
macophore with the appropriate receptor. Finally, tis-
sue defense and repair processes, including regenerative
repair, also have finite capacities, which once exceeded
constitute a departure from linear behavior. The funda-
mental constant underlying a linear dose-response rela-
tionship is the mechanism of action. However, saturation
of any one of the multiple steps in the pathway con-
stitutes a departure from one mechanism of action to
another possibly unrelated mechanism of action exhibit-
ing a completely different relationship to exposed dose.
Hence, exploration of the full dose-response relation-
ship for competing and saturable steps in the typical
mechanism of action constitutes a complex relation-
ship between exposure and biological response, one that
is seldom a simple linear function of dose. There are
numerous well-documented examples where the mech-
anism of action is a function of the dose, a few of
which will be presented. The primary objective that
challenges the projection of risk is to devise a method
for incorporating considerations of dose-dependent tran-
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sitions in mechanisms of action into regulatory prac-
tice.

doi:10.1016/j.toxlet.2006.06.078
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Dose-Dependent Transitions in Mechanisms of Toxi-
city: Zinc Case Example

John M. Rogers 1 George P. Dast0n2, Janet Uriu-
Adams3, Lynn A. Hanna3, Carl L. Keen?

! Reproductive Toxicology Division, NHEERL, ORD,
United States Environmental Protection Agency,
Research Triangle Park, North Carolina, United States;
2 procter and Gamble Company, Cincinnati, OH,
United States; 3 Department of Nutrition, University of
California, Davis, CA, United States

Zinc (Zn) is an essential trace element. Maternal Zn defi-
ciency canresultin complications of pregnancy and inad-
equate supply of Zn to the conceptus can interfere with
the development of numerous organ systems. Maternal
dietary Zn deficiency has been shown to be teratogenic in
all species tested. In utero Zn deficiency may result from
inadequate maternal dietary Zn intake (primary Zn defi-
ciency) or from disturbances in maternal Zn metabolism
that decrease availability of Zn to the embryo/fetus (sec-
ondary Zn deficiency). Derangement of maternal Zn
metabolism induced by chemical exposure is the topic of
this presentation. Metallothionein (MT) is a metalbind-
ing protein present in a number of tissues, particularly
the liver. Hepatic MT can be induced by exposure to
metals or a variety of organic molecules, and MT induc-
tion is part of the acute phase response to tissue damage,
infection or severe stress. We have demonstrated that a
variety of non-metal chemicals can induce a maternal
acute phase response, including hepatic MT induction.
Induction of the acute phase response leads to sequestra-
tion of maternal circulating Zn to hepatic MT, reducing
maternal serum Zn and therefore Zn availability to the
conceptus. Thus, induced (secondary) in utero Zn defi-
ciency can be a significant mode of action for chemicals
in standard developmental toxicity bioassays, particu-
larly agents given at or near maternally toxic levels, and
may also be important for women with multiple chemi-
cal exposures, infections, and/or stress during pregnancy,
particularly if their dietary Zn intake is marginal or inad-
equate.

doi:10.1016/j.toxlet.2006.06.079
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Pesticide Case Example

Angelo Moretto
University of Padova

Xenobiotics may exert different toxic effects depending
on dosing and route of exposure. Consequently a dose-
effect relationship may be identified for each compound.
In addition, for each effect a dose-response relation-
ship exists which may overlap or intersect the dose-
response relationship of other effects. This may cause
transition in mechanisms of toxicity that are relevant for
the understanding of the toxicity of the compound and
its interpretation for risk assessment. It is also possible
that certain pathway may be saturated with increasing
doses, giving way to the expression of other toxic effects
not to be seen without such saturation. Examples of
pesticides that will be discussed showing such dose-
dependent transitions include the fungicides thiocarba-
mates and the organophosphorus insecticide dichlorvos.
These will be discussed and the importance of under-
standing the mode of action in relation with species-
specific (patho)physiology and condition of expected
human exposure will be underlined. In particular, the
effects on thyroid hormones homeostasis and its con-
sequences by thiocarbamates will be evaluated in the
context of the different characteristics of rat and human
thyroid function, showing that dose-dependent transi-
tion to cancerogenesis only occur at higher doses in rats.
The effects of dichlorvos on esterases and DNA occur
at different rates and with different concentrations. The
possibility that dose-dependent transition from inhibi-
tion of nervous system acetylcholinesterase to formation
of DNA adducts at higher doses (concentrations) will be
evaluated in terms of plausibility in actual exposure con-
ditions.

doi:10.1016/j.toxlet.2006.06.080
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Dose-dependent transitions in mechanisms of toxic-
ity: Concluding remarks

Alan R. Boobis
Imperial College London, UK

There is ample evidence that for many compounds there
are transitions in response over the experimental dose
range. The challenge is to take account of this adequately
inrisk assessment. The session highlights the importance
of deeper mechanistic understanding of toxicological
processes and the need for better study design with suit-
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able choice of doses, particular in the region of the dose
transition. The central role played by metabolism, and
toxicokinetics more generally, is emphasised as is the
value of physiologically-based toxicokinetic models in
exploring inter-relationships over a wide range of sce-
narios. There is still a need to develop clearer strategies
for incorporating such information into risk assessment,
and to move away from default assumptions of linear-
ity of response above any point of departure. An area
of major difficulty is estimating where on the dose-
response curve human exposure is likely to be. There
will also be a need to improve understanding of some of
the approaches used, so that risk assessors can evaluate
the information appropriately. The impact of new infor-
mation on dose-dependent transitions for DNA-reactive
carcinogens varies with the risk assessment policy of the
region. This is an issue that would benefit from greater
harmonisation.

doi:10.1016/j.toxlet.2006.06.081
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Future challenges for toxicologists

Lewis L. Smith

Global Head of Regulatory Sciences, Syngenta plc,
Switzerland

Although the past is not necessarily a useful indicator
of the future, it may be of interest that by 1500 B.C.
the Egyptians had an extensive knowledge of the toxic
and curative properties of natural products. By 400 B.c.
there is evidence that the Hippocrates understood the
importance of reducing absorption of a substance for
the alleviation of poisoning. In Roman times, poisoning
became a common political weapon and these practices
survived to the Middle Ages, where in Italy poisoning
for political purposes and financial gain was well docu-
mented in the city of Venice.

Modern toxicology is probably best symbolised by
the work of Paracellsus in the 16th Century and by the
mid 18th Century, the Spanish chemist and physician
Bonaventura Orfila, was the first recorded scientist to
make systematic use of animals as test subjects and
develop methods for the chemical analysis of specific
poisons in tissues and body fluids. In the 20th Century
the systematic testing of chemicals became increasingly

regularised and more precise in terms of specific proto-
cols which had to be followed. This allowed consistency
in the regulatory testing of chemicals and drugs. How-
ever, regulatory toxicology is not necessarily defined by
the science of toxicology. For example, the evaluation
of mutagenic compounds uses tests that were devised in
the 1970s and has been used successfully for the past
30 years. This is both convenient and comfortable, since
the tests are well understood, the hurdles recognised and
from the results both industry and the regulator can pre-
dict what the fate of a molecule should be. However,
the science of toxicology has moved on in the last 30
years. Our understanding of the genomic and molecular
control of pathways has increased almost exponentially.
The endpoints used in many tests have not taken account
of this new knowledge nor how pathways can predict
the nature of cellular damage. This means that for many
mutagenic tests the science is essentially observational
and devoid of an understanding of the mode of action or
mechanism of toxicity which the chemical exhibits.

Testing for carcinogens has evolved over the last 100
years. Only two or perhaps three different species of
experimental animal are now used to identify carcino-
gens. This is, in part, driven by economic pressure and
restriction on the use of experimental animals. The rele-
vance of positive findings for non-genotoxic carcinogens
has been problematic for several decades. The end-
points used have barely changed in half a century. The
use of pharmacokinetic data has been largely confined
to the evaluation of pharmaceuticals and only recently
extended to pesticides and chemicals. The frightening
lack of concordance between the organs targeted by car-
cinogens in rodent bioassays versus the site of cancers
in humans is still barely addressed. Strain differences,
within rodent species, to the response to a single chem-
ical mean the choice of strain are almost as important to
the result as the choice of chemical. The reality remains
that when tumours are observed in animals the default
assumption is that it will cause the same effect in humans
unless evidence is produced to the contrary. However, if
the chemical is an important industrial molecule, or drug,
this often leads to an investigation of the mode of action
or mechanism of toxicity of the chemical to establish if
the results are relevant to humans. If the result of the
original bioassay is negative, no additional studies are
undertaken.

The future of toxicology should be driven by the
identification and prioritisation of the issues which we
expect to impact on human health and a more mech-
anistic approach to hazard characterisation. Only by
understanding the mechanisms through which injury
occurs and the relevance of this to humans, will
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toxicology improve the predictability of injury to
humans.

doi:10.1016/j.toxlet.2006.06.082
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Fungi in biocontrol of plant diseases

Leif Sundheim

Norwegian Institute for Agricultural and Environmental
Research, Plant Health and Protection Division, Aas,
Norway

Fungi are the most important causal agents of plant dis-
eases. Antagonistic fungal species are also becoming an
increasingly important alternative to chemical pesticides
in disease control. Antibiosis, mycoparasitism and com-
petition are natural mechanisms that control the inter-
action between fungi in soil and on plant surfaces. The
biocontrol fungi currently available employ one or more
of these antagonistic mechanisms. The number of fungi
commercialized as biocontrol agents increases from year
to year.

Antagonistic fungi have been identified in cropping
systems and in natural ecosystems. Screening of fungal
isolates for biocontrol efficacy is followed by identifica-
tion of promising strains. Morphology, enzymatic activ-
ity and molecular methods are employed in classification
of the antagonistic fungi into existing or new taxa. Once
the identity of the antagonist is established, it is desir-
able to screen different isolates using methods as close
to practical disease control as possible. Fungal isolates
should be tested under a number of different environ-
mental conditions. Also, screening a wide genetic basis
of potential biocontrol strains increases the likelihood of
finding highly antagonistic strains for disease control in
vivo.

Mass production of biocontrol strains without
changes in the genetic integrity and biocontrol potential
is another challenge. It is essential to develop a qual-
ity control system that monitors genetic stability over
time. Regulations for registration of biocontrol agents
vary from country to country. Strain authentication is
necessary to protect intellectual property rights and com-
mercial values. Molecular methods facilitate registration
and commercialization of biocontrol fungi.

doi:10.1016/j.toxlet.2006.06.083
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Regulatory issues for biological pesticides

Tan C. Dewhurst
Pesticides Safety Directorate, York, UK

The majority of pesticides used for plant protection are
based on synthetic chemicals. Regulatory assessments
for potential human health effects are performed by
comparing the findings in an extensive range of rou-
tine toxicity studies, designed for testing chemicals,
with estimates of exposures. Recently there have been
significant moves towards developing natural/biological
alternatives. Biological pesticides (those based on viable
organisms or simple plant extracts) present the regulator
with a different set of challenges to those raised by most
chemical pesticides. In particular, there are no interna-
tionally recognised test guidelines for pathogenicity and
infectivity, and testing strategies are generally adapted
from those for relatively pure chemicals rather than being
specific to biological products.

The concerns associated with biological pesticides
vary greatly between plant extracts and those based
on viable micro-organism, and from one organism to
another, requiring an almost case-by-case approach.
However, it is possible that certain classes of bio-
pesticides, such as viruses pathogenic to insects, might
present a very low risk to human health and could
be assessed accordingly. The known toxicity of cer-
tain bio-molecules (e.g. nicotine, bacterial toxins) and
the pathogenicity of certain organisms (e.g. Plasmod-
ium spp., E.coli 0157) underlines the need for a risk
assessment for biological pesticides even though they are
‘natural’. The main aspects of a health risk assessment
for a product based on viable organisms are characterisa-
tion of the organism, levels of contamination (chemical
and viable), infectivity, pathogenicity, sensitisation and
production of toxic secondary metabolites. For a plant
extract the main aspect is frequently related to the vari-
ations in composition associated with different grow-
ing/extraction conditions and the associated difficulty in
relating commercial material to that used in toxicity tests.
Reliable data on (lack of) effects associated with natu-
rally occurring (background) exposures can sometimes
provide considerable reassurance for human health risk
assessments of both viable organisms and plant extracts.

This paper describes the current EC scheme together
with work at the OECD level and highlights important
aspects by presenting examples of biological pesticides
that have been assessed under these procedures.

The views expressed are those of the author and
should not be taken as being the agreed policy of the
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Pesticides Safety Directorate, the UK Government or the
European Commission.

doi:10.1016/j.toxlet.2006.06.084
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Status of biopesticides—Indian scene

PK. Gupta

Toxicology Consulting Services Inc., C-44 Rajendrana-
gar, Bareilly-243 122, UP, India

It is well known that most of the chemical pesticides are
responsible for a variety of known and unknown toxic
problems in animal and human health. These chemicals
also have adverse effects on our environment. Despite
large consumption of chemical pesticides, it is estimated
that crop losses vary between 20% and 30% due to
pests alone. Keeping this in view, it was considered that
biopesticides offered as environmentally benign alter-
natives to chemicals. In India, till date only 12 biopes-
ticides (such as Bacillus, Trichoderma, Pseudomonas,
Beauveri species, NPV of Helicoverpa armigera, NPV
of Spodoptera litura, Neem based pesticides, and Cym-
bopogan) have been registered against 194 chemicals
which are used as chemical pesticides. Most of these
biopesticides find use in public health for the control
of malaria, except a few that are used in agriculture.
The other technologies include: (i) use of transgenic
plants for pest management and (ii) a number of ben-
eficial insects and worms that fight the nastier ones is
being encouraged. In addition, the Centre for Indian
Knowledge Systems (CIKS) has attempted to identify
the technologies that farmers were using for pest control
before chemical pesticides came into the picture. The
preparation of these products is extremely simple, as is
their application. In terms of efficiency. CIKS’ work has
been to see that the extracts developed by farmers in
their own backyards are as efficient as or more efficient
than what is available in the market. Its motive has been
one of self-reliance. Therefore, the thrust of the discus-
sion will be on the future strategies of India to increased
agriculture production and restore public health and the
environment through the use of alternative methods such
as biopesticides.

doi:10.1016/j.toxlet.2006.06.085
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Stepwise shifting to application of biopesticides in

Egypt

Sameeh A. Mansour

National Research Centre Dokki, Pesticide Chemistry
Department, Cairo, Egypt

Egypt is facing the challenge of maximizing its own
limited resources in a cost-effective way. Specifically,
the responsibility of stakeholders is to seek options and
alternatives for securing food and fiber per unit area with-
out destroying the environment and sustainability. This
may interpret introducing biotechnology to the Egyp-
tian agricultural sector since 1990. Benefits of genet-
ically modified (GM) crops versus certain risks, lead
Egypt to deal with this technology as slow as the coun-
try has not produced any commercial biotechnology
crops up till now. Political, economical and social con-
siderations have shared the slow passage of GM crops
from experimental, to trials, to commercialization. The
most pronounced accomplishments of the Agricultural
Genetic Engineering Research Institute (AGERI) are
represented by producing tuber moth-resistant potatoes;
virus-resistant squash and tomatoes; corn borer-resistant
maize; drought-tolerant wheat; and insect-resistant long-
staple GM cotton strain. Also, AGERI has successfully
managed to manufacture its first biopesticide “Agerin”,
which has the potential for sales on a worldwide scale.
In the field of botanical pesticides, the hundreds of pub-
lished articles did not due to a marketed product up
till now. A way to promote shifting to application of
biopesticides in the Egyptian agriculture is to support
establishing of “centers of excellence” with complimen-
tary facilities to conduct food and environmental safety.
Oriented research with end users is required to make
benefits from the bench-scale research in the area of new
pest controlling agents. The private/public partnership is
crucial for achieving nationally commercialized biopes-
ticides.

doi:10.1016/j.toxlet.2006.06.086
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Main problems of modern pesticides and agrochem-
icals toxicology in Ukraine

Mykola G. Prodanchuk, Nadiya Nedopylanska, Peter
G. Zminho

Medved’s Institute of Ecohygiene and Toxicology, Kiev,
Ukraine

In the recent fore decades the tasks and methods of pesti-
cides toxicology have been established finely. The cumu-
lative experience according to quantitative criteria of
pesticides dangerous, its absorption, distribution, excre-
tion and opinions about mechanism of action, cumula-
tive, combine action and devious influence to human
health have generalized. Therapy of the poison by the
main groups of pesticides and prevention of negative
influence to health was determined.

The problem of pesticides toxicology in Ukraine now
has as fundamental so engineering development. Inte-
gration into world science in field of methodology of
toxicological investigation and in legislation has being
piecemeal.

The priority directions of pesticides toxicological
investigations are the study of mechanisms of toxic,
selective and combine action; ability to endocrine disrup-
tion; immunological action; the study of aging sensibility
to pesticides; evolving toxicogenomic of pesticides; the
development of the new approaches to test the pesticides
of new generation, which used in super-low doses; the
methodology of integration of risk assessment for human
health; the safe methods of testing and neutralization the
unusable and forbidden pesticides; the improvement of
diagnostics and treatment of acute and chronic poisons,
professional diseases with chemical etiology, antidote
therapy.

According to Ukrainian requirements for any pesti-
cide (as a new one, so a generic) it should be submitted
full extend information about active ingredient (EI) and
formulation. A special part of information documents
refer to toxicological properties of EI and formulations
of pesticides (acute toxicity, skin and eye irritation, sensi-
tization — for EI and formulations and also chronic toxic-
ity/carcinogenicity, reproductive toxicity, teratogenicity,
neurotoxicity, mutagenicity and metabolism — for EI).
The main institution in the problem of health safety pes-
ticides in Ukraine is the Institute of Ecohygiene and
Toxicology named by L.I. Medved is able to execute
all toxicological, hygienic and chemical investigation.

Current legislation procedures and criteria for assess-
ment of pesticides are based on the “Law of Ukraine
about pesticides and agrochemicals”. The main principle

of state politic in pesticide sphere is the priority of health
and environmental security above economic effect.

doi:10.1016/j.toxlet.2006.06.087
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Risk analysis of combustion products of plant protec-
tion chemicals

Cristina Andreoli, Massimiliano  Picciolo, Antonella
Bassi, Valentina Gobbi, Giovanni Lionetti, Alfredo
Nunziata

Research Department, BAT-Italia S.p.A., Italy

The plant protection products are a class of chemical
substances used in agriculture, from the sowing to the
harvesting until the conservation, to the aim to ensure
the production of a sufficient amount and adequate qual-
ity of agricultural products. On the other hand, the use
of these chemicals implies a certain degree of risk both
for farmers and consumers, and for the environment, in
terms of potential chronic effects in humans and in ani-
mals and persistence in the environment.

Because of these agrochemicals can be found as con-
taminants in food, they have been subjected to a rigorous
evaluation of risk assessment by the main regulatory
agencies in the world. This process allowed the availabil-
ity of a lot of reliable data on their toxicity. The totality of
these information concerns the plant protection products
and pesticides themselves or their biological metabolites.

The plant protection products can be introduced in
the environment and constitute a source of risk for the
human health also in the burnt form, through processes of
agricultural product incineration, or as contaminants in
the food products during the cooking, or for other uses,
such as during the tobacco’s combustion in the smoke
products.

Our work presents the results of a preliminary analy-
sis of risk assessment for chemical class of compounds
derived by the combustion of Aldicarb, pyrethroids,
pesticides containing one aromatic ring and benzimi-
dazolyl carbamates, identified through thermogravimet-
ric analysis and contemporaneous execution of mass
spectrum. During the combustion, the molecules are
subjected to processes of degradation (pyrolysis and
oxypyrolysis) and formation (pyrosynthesis and addi-
tion) which lead to the fragmentation in low molecular
weight species and/or to the production of new molecules
through aggregations. The results showed that the ther-
mal decomposition of the above mentioned plant pro-
tection compounds, determines the formation of small
molecules, such as CO, HCN, CH3OH, CH3SH and
of other molecules, such as n-nitrous derivatives, sul-
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phured compounds, halogenated compounds and benzyl
groups. A preliminary risk assessment of the compounds
formed by termodegration of Aldicarb was performed.
The pyrolysis of the Aldicarb leads to the formation of N-
methylcarbamate and Nitrile Aldicarb, that further split
up into four compounds, among them methylmercap-
tane. Both N-methylcarbamate and Methylmercaptane
are neurotoxic after inhalation in humans and rats.

The study will continue with the risk analysis of the
combustion products of other class of commonly used
pesticides.

doi:10.1016/j.tox1et.2006.06.088
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A high density flounder (Platichthys flesus) cDNA
microarray as a tool in the identification of expres-

sion changes in gene sets predictive of exposure to
pollutants

James K. Chipman I Steven G. Georgez, Tim D.

Williams !, Amer M. Diab?, Victoria Sabine?, Fer-
nando Ortegal, Francesco Falciani !

1 School of Biosciences, University of Birmingham, Edg-
baston, Birmingham B15 2TT, UK; ? Institute of Aqua-
culture, University of Stirling, Stirling FK9 4LA, UK

Traditionally a number of useful biomarkers of pollutant
responses in the environment have centred on the induc-
tion of stress-responsive genes. Genomic technologies
offer opportunities to gain a more global assessment of
the health status of an organism through an understand-
ing of the functional pathways that are responding to
pollutant exposure. This may provide additional predic-
tive biomarkers for environmental monitoring as well
as identifying toxic mechanisms. Toxicogenomics in
organisms of environmental relevance is a worthy chal-
lenge. We have developed a 13,000 cDNA microarray for
the European flounder (EU-GENIPOL Project). Floun-
der taken from different sites in Northern Europe (and of
different pollution status) can be distinguished according
to their hepatic gene expression profile using bioinfor-
matic approaches. To determine which gene expression
differences may relate to pollutant impact, we are com-
pleting complementary laboratory exposures of flounder
to selected toxicants and determining the associated gene
expression profiles. This will be demonstrated in relation
to response to sublethal acute exposures to cadmium and
to estrogens. In addition to the detection of changes in

known biomarkers, gene ontology analyses have indi-
cated alteration of a range of pathways. In the case of
cadmium, many of the changes seen can be associated
with an oxidative stress including modulation of genes
involving chaperones, protein synthesis and degrada-
tion, cytoskeleton, apoptosis and cell cycle. Importantly,
interactive effects have been discovered, e.g. between
polycyclic aromatic hydrocarbons, estrogens and met-
als. A major challenge is the integration of such studies
into risk assessment for example in the derivation of
novel batteries of biomarkers. However, to achieve this,
it is necessary to distinguish between compensatory and
toxic responses and these issues will be illustrated with
reference to CYP and HSP induction. This work was
funded by the NERC, CEFAS and EU and has involved
GENIPOL collaborations.

doi:10.1016/j.toxlet.2006.06.089
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Molecular ecotoxicology: From the understanding of
toxicity mechanism to the application in biomonitor-
ing programmes

Aldo Viarengo, Francesco Dondero

Universita del Piemonte orientale “Amedeo Avogadro”,
Alessandria, Italy

A combination of genomic/proteomic/metabolomic and
cellular techniques was used to assess the effects of heavy
metals exposure in amoebic cells of the slime mould
Dictyostelium discoideum. Our data demonstrated that
sublethal concentrations of heavy metals affect impor-
tant physiological parameters such as cytosolic free cal-
cium concentration, lysosomal membrane stability and
endocytosis, without altering the cell replication rate.
A 10K DNA microarray — covering about 90% of the
Dictyostelium genome — was used to unveil molecular
adaptations and mechanisms of toxicity evoked in Hg
challenged amoebae. At fully sublethal concentrations
(low-medium dose: 0.5-2 uM) Hg exposure determined
the prompt activation of genes coding for glutathione
neo-synthesis and glutathione transferase (gst) enzymes,
and transmembrane extrusion proteins (ABC). These
genes are likely to represent the first defence line against
heavy metals toxicity. Other up-regulated genes were
involved in heavy metal transport, toxicity resistance,
detoxification, energy metabolism (mitochondrial elec-
tron transport), lipid neo-synthesis and several redox pro-
cesses. At higher and lethal concentration of Hg (10 wM:
LC10) we could observe the downregualtion of particular
gene classes, such as the ribosomal component proteins.
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In addition, extracts of control and treated cells
exposed to a sublethal Hg concentration able to affect the
cellular biomarkers were analysed by two-dimensional
electrophoresis. A reference map containing some 900
soluble proteins was obtained. Identification of excised
spots was performed by MALDI-TOF peptide mass fin-
gerprinting, and the identity of some 150 proteins was
revealed. Fifteen proteins involved mainly in detoxifica-
tion and signal transduction pathways as well as a hypo-
thetical protein possibly related to energy metabolism
showed a highly significant increase in Hg-treated cells.
The same extract were analyzed by high through-
put metabolomic analysis showing no differences in
metabolic profiles of control cells and treated cells, and
therefore suggesting that changes at proteomic levels
were able to keep unaltered steady states of cellular
metabolites.

In conclusion, the systems biology approach can rep-
resent a potent tool to characterize adaptive responses
to hazardous pollutants present in the environment, to
unveil clues on their mechanism of toxicity and to
develop new more sensitive tools for ecotoxicological
surveys.

doi:10.1016/j.toxlet.2006.06.090
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Proteomics: In search of new pollution biomarkers

Juan Lépez Barea

Department of Biochemistry and Molecular Biology,
University of Cordoba, Spain

Biomarkers routinely used in pollution monitoring need
a full and prior knowledge of toxicity mechanisms,
being somehow biased. Proteomics may identify pro-
teins altered by pollutants that, once validated, can be
used as new unbiased biomarkers. This approach is also
limited, since sequences of most studied organisms are
poorly represented in sequence databases, thus rendering
difficult protein identification.

Initial studies of this type were made in animals
exposed to model pollutants, and lead to the concept of
protein expression signatures. For instance, in C. gallina
clams, pollutants alter 15 proteins, 4 of them identified
as cytosqueletal. In spite of the clear responses to model
chemicals, studies in animals from ecosystems with dif-
ferent pollution loads are scant. Thus, in M. edulis, PAHs
and PCBs from polluted sites increase the HSP levels in
mussels, and SELDI shows the increase of 26 peptides
in animals from polluted areas.

Proteomics is being used to assess possible effects on
Dofiana National Park of metals from a previous mining

spill and of pesticides routinely used at nearby crops,
using M. spretus mice, P. clarkii crayfish and S. plana
clams as bioindicators. Over 2000 soluble proteins are
fully resolved in 24 cm wide 2-DE gels (pH 4-7). About
1% of them show differences in animals sampled at areas
with different pollution loads. In crayfish and mice, max-
imum effects are found, respectively, in animals from
watercourses and marhses and land areas exposed to the
mining accident or with high pesticide use. In clams from
the Guadalquivir estuary, the number of altered proteins
directly correlates to the metal load derived from river
deposits.

Many proteins have been shown to be altered by pol-
lutants. They are related to heat shock, cytosqueleton,
oxidative stress or biotransformation, ribosomal struc-
ture or function, proteolysis, synthesis of S-containing
amino acids or GSH, and general metabolism. Different
sources of protein alteration can be envisaged. Higher
protein expression has been shown in several cases,
but there are increasing indications that several modi-
fications may shift protein position in 2D electrophore-
sis. They include limited proteolysis, oxidative damage
(carbonyl or glutathionyl formation), or other modifica-
tions, including phosphorylation, nitration, or alteration
of gene expression via binding to Ah receptor and its
cross talk to other signal transduction pathways.

doi:10.1016/j.toxlet.2006.06.091
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Inhibitors of the ABC transport proteins as emerg-
ing pollutants—Determination and ecotoxicological
relevance

Tvrtko Smital 1, David Epelz, Smiljana  Britivic 1,
Sanja Krcal, Branka Pivcevicl, Roberta Sauerborn
Klobucar !, Roko Zajal

! Laboratory for Molecular Ecotoxicology, Division for
Marine and Environmental Research, Rudjer Boskovic
Institute, Zagreb, Croatia; > Hopkins Marine Station of
Stanford University, Pacific Grove, CA, USA

One of the most intriguing defense strategies evolution-
ary developed in aquatic organisms is the activity of
the Multixenobiotic resistance (MXR) mechanism, first
described in early 1990-ties by Kurelec and cowork-
ers. As in the case of the multidrug resistance (MDR)
phenomenon expressed in various mammalian tissues, it
has been shown that specific transmembrane ABC (ATP
Binding Cassette) transport proteins are key mediators
of the MXR activity. Among them, the P-glycoprotein
(P-gp, ABCB1) and the multidrug resistance-associated
proteins (MRPs, ABCCs) are the best known and most
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studied efflux transporters. With remarkable substrate
(non)specificity these proteins actively export a diverse
group of natural products, chemotherapeutic drugs and
hydrophobic peptides across the plasma membrane, con-
tributing to the selective pharmacological and toxicolog-
ical barrier and providing resistance to aquatic organisms
living in polluted environments. However, the main dis-
advantage of the MXR defense is its sensitivity to the
presence of specific compounds, so-called chemosensi-
tizers or MXR inhibitors. By blocking the P-gp and/or
MRPs transport activity they can cause an increase in
intracellular accumulation and toxic effects of other
xenobiotics normally effluxed by the ABC transport pro-
teins. Enhancement of MXR inhibition with concomitant
detrimental effects has been shown in several studies
with aquatic organisms exposed to both model MXR
inhibitors and environmental pollutants. Furthermore,
the presence of MXR inhibitors has been demonstrated in
environmental samples from polluted locations at con-
centrations that could completely abolish P-gp and/or
MRPs transport activity. Ecotoxicological significance
of MXR inhibition is being additionally highlighted by
their presence among both conventional and emerging
man-made pollutants—in addition to pharmaceuticals
some pesticides and synthetic musk fragrances show
extremely high MXR inhibitory potential at environmen-
tally relevant concentrations. Consequently, the MXR-
inhibitors might have important implications on key
environmental parameters (exposure, uptake, internal
dose, bioaccumulation, response, synergism, toxicity)
and within this presentation I will try to illustrate why
the property to inhibit MXR defense classifies these sub-
stances among top-hazardous environmental pollutants.

doi:10.1016/j.tox1et.2006.06.092
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Chronic noise stress-induced alternations in the
expression of Hsp70, c-fos, DNA damage and Fas/Fasl
expressions in discrete brain regions of Albino rats

Sundaramahalingam Manikandan, Narayanaperumal
Jeya Parthasarathy, Ramasamy Srikumar, Rathinasamy
Sheeladevi

Dr. ALM PG Institute of Basic Medical Sciences, Uni-
versity of Madras Chennai, Tamil Nadu, India

Brain is more susceptible to stressors than any other
organ. Exposure to continuous loud noise is a serious
environmental health problem due to excess production
of oxygen free radicals. The aim of the present work
was to evaluate the effects of oxidative stress in discrete
(cerebral cortex, cerebellum, midbrain, pons-medulla,

hippocampus and hypothalamus) brain regions and neu-
ronal dendritic changes after the rats were exposed to
chronic noise (100 dBA/4h/day for 30 days). Expres-
sion of Hsp70, c-fos mRNA (RT-PCR) and Fas/FasL
protein expression (immunoblotting and immunohisto-
chemistry) in discrete brain regions were studied. Results
showed that neuronal dendritic count in the hippocam-
pus and medial prefrontal cortex were reduced signif-
icantly (P<0.01) in the second and third order den-
drites after 30 days of noise exposure when compared
to control animals. Excessive free radical generation
produced by noise stress led to increases in lipid peroxi-
dation level, superoxide dismutase activity, Hsp70, c-fos
mRNA expression, Fas/FasL protein expression and con-
comitant decreases in the activity of catalase, glutathione
peroxidase and depletion of reduced glutathione in all the
brain regions. This study suggests that 30 days of noise
exposure causes oxidative stress in all the brain regions
and alteration in neuronal communication in HIP and
mPFC and this finding may be applicable to human, are
working/living in noisy environment.

doi:10.1016/j.toxlet.2006.06.093
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Effect of waterborne strontium on calcium-
dependent proteases in fish

Liudmila A. Bondareva!, Nina N. Nemova!, Elena 1.
Kaivarainen !, Nikolay A. Kashulin?

U The Institute of Biology, Karelian Research Centre
of Russian Academy of Sciences, Pushkinskaya, 11,
Petrozavodsk 185910, Russia; > The Institute of Industry
Ecology Problems of North, Kolski Research Centre of
RAS, Russia

The release of strontium (Sr) to the environment is of
concern due to the strong accumulation of this cal-
cium resembling element in the bone and other tis-
sues. The uptake of Sr>* in the whitefish, Coregonus
lavaretus and Coregonus albula, was studied in chemi-
cally defined freshwater lakes in North-Western Russia
including highly contaminated by Sr** Covdor Lake.
The accumulation rate of Sr>* in fish tissues is strongly
correlated with the activity of Ca>*-dependent proteases,
calpains. This effect is attributed to the Sr** resembling
capacity in the relation to Ca2* in calcium-dependent
processes and can be suggested as a part of a com-
plex mechanism of Sr>* toxicity. Calpains, having both
dagradative and regulatory roles, are believed to partici-
pate in signal transduction, skeletal muscle growth, and
degenerative disease. The regulatory mechanisms gov-
erning calpain activity are complex and it is known that
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Ca”* can be involved in cellular components binding,
proteolytic activity, autolysis, dissociation, and calpas-
tatin (specific calpain inhibitor) binding. It was shown
that all indicated Ca®*-dependent steps in calpain activ-
ity are affected by Sr>* uptake in the in vivo experiment.
Sr?* was found to activate fish calpains in vitro to 60%
of Ca®* activity. Our results show that Sr>* can affect
calpain activity in fish following diverse pathological
features in cellular metabolism. Some population effects
of extremely high Sr’>* accumulation in fish due to met-
allurgy industry sewage are discussed.

This work was supported by grants from the RFBR
05-04-48729, from President of RF “Leader Scientific
Schools” 4310.2006.4, and Russian Science Support
Foundation.

doi:10.1016/j.toxlet.2006.06.094
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Effect of arsenic exposure on reproductive outcome
and infant mortality: Findings from cohort studies in
Bangladesh
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VICDDR, B: Centre for Health and Population Research,
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Millions of peoples world-wide are exposed to arsenic
through drinking water. Despite the large number of
studies showing severe health effects of arsenic expo-
sure, little attention has been given to possible adverse
effect of arsenic exposure on early human development.
Arsenic is known to pass the placenta, both in exper-
imental animals and in humans. A few human studies
reported association between arsenic in drinking water
and adverse reproductive outcome, but those studies are
generally ecological in design and, based on recall out-
come data and small sample size. Our ongoing research
in Bangladesh aims at evaluating the effect of arsenic
exposure via drinking water on pregnancy outcome,
fetal growth, birth anthropometry and child development
including morbidity and mortality. The studies are con-
ducted in rural Matlab, Bangladesh, where a health and
demographic surveillance system (HDSS) has been oper-

ating for decades. The first study was based on a cohort of
29,134 pregnancies, identified longitudinally by HDSS
in 1991-2000. Data on individual arsenic exposure was
assessed by drinking water history, obtained at per-
sonal interviews in a separate survey of the prevalence
of arsenic exposure (2002-2003), and analysis of the
arsenic concentration in the tube-wells used by all the
women during pregnancy. Data on reproductive events
including fetal loss, and infant mortality were ascer-
tained from HDSS. The second prospective cohort study
was nested into a supplementation study on pregnant
women identified in 2001-2004. Arsenic exposure was
assessed by arsenic metabolites in urine collected at
early and late gestation. Out of 5483 urine samples col-
lected at early pregnancy, 3570 have been analyzed for
arsenic to date. Data on fetal loss, birth anthropometry
and child health are being collected prospectively. The
results indicate that drinking tube-well water with more
than 50 wg/L of arsenic during pregnancy significantly
increased the risk of fetal loss (relative risk (RR): 1.14;
95% confidence limits (CL): 1.04, 1.25) and infant death
(RR: 1.17; 95% CL: 1.03, 1.32). Analysis is in progress
to evaluate the association between arsenic metabolites
in urine and fetal loss, birth anthropometry and child
health. The increasing evidence that arsenic exposure
via drinking water may have public health implications
for reproductive and infant health emphasize the need
for urgent mitigation activities.

doi:10.1016/j.tox1et.2006.06.095
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Millions of people world-wide are exposed to arsenic
through drinking water or industrial emissions. While the
environmental pollution of arsenic because of industrial
emissions and occupational exposure has decreased con-
siderably in most western countries, there is a continuous
reporting of the occurrence of arsenic in ground water
used for drinking purposes. The situation is particularly
serious in many low-income countries, where people are
prone to use ground water for drinking purposes because
of water constrains or pollution of available surface water
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sources. Often, mitigation possibilities are limited. The
use of arsenic-containing ground water for irrigation
leads to wide-spread contamination of land and addi-
tional exposure via food. The health consequences of
chronic arsenic exposure include various forms of can-
cer, e.g. skin, lungs, urinary bladder and kidney. The
estimated cancer risk at the current WHO drinking water
guideline, 10 pg/L, is in the range 1/1000 to 1/100. Non-
cancer effects associated with arsenic exposure include
diabetes, skin diseases, chronic cough, toxic effects in
liver, kidney, cardiovascular system, peripheral- and cen-
tral nervous systems. Although effects on reproduction
have been indicated in several studies, little is known
about effects on fetal and child development. Reported
mechanisms or mode of action of arsenic include enzyme
inhibition, including DNA repair enzymes and enzymes
involved in cell cycling, oxidative stress, modification
of DNA methylation, interactions with nuclear recep-
tors, and un-coupling of cellular respiration. Apparently
the mode of action is highly dose-dependent. There
seems to be a vide variation in susceptibility to arsenic
toxicity. Known risk modifying factors include gender,
age, genetic predisposition, nutrition and metabolism of
arsenic. Arsenic is metabolized by a series of reduction
and oxidative methylation reactions, obviously modulat-
ing the toxicity.

doi:10.1016/j.toxlet.2006.06.096
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Gender-specific gene expression in arsenic exposed
mice
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Arsenic is a potent carcinogen, which frequently occurs
in ground water used for drinking purposes. The mech-
anism of arsenic toxicological action in vivo is poorly
understood, in particular in relation to dose, type of tissue
and gender. We used the Applied Biosystems Expression
Mice Genome Survey Microarrays of 28 K genes to elu-
cidate tissue- and gender-dependent responses of gene
expression in the liver, kidneys, lungs, adrenals, bone
marrow and urinary bladder of mice exposed to envi-
ronmentally relevant doses of arsenic in drinking water.
The mice were exposed for 4 months (starting at wean-
ing) to arsenate in drinking water at a concentration of
1000 wg As/L, which is commonly occurring in many
areas of the world. Arsenic exposure caused clear modu-

lation of gene expression in all the tissues tested and there
were remarkable sex differences. The observed gender-
dependent profiles of gene expression may indicate that
arsenic interferes with the basal sex-dependent regula-
tion of cell physiology, e.g. steroid hormones. If so, it
is likely that the toxic response to arsenic exposure may
differ between males and females.

doi:10.1016/j.toxlet.2006.06.097
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Gene-environment interactions for arsenic
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There is a large variation in susceptibility among indi-
viduals to chronic inorganic arsenic exposure. This is
probably related to individual differences in arsenic bio-
transformation, which causes heterogeneity in retention
and tissue spread of noxious metabolites. Hereditary fac-
tors seem important for this inter-individual variation in
arsenic metabolism. For example, there is evidence that
variants in the gene encoding arsenic (3+ oxidation state)
methyltransferase (AS3MT) affect arsenic metabolite
pattern in urine. Moreover, it is generally thought that
many of the toxic effects associated with arsenic expo-
sure are mediated through arsenic-induced oxidative
stress. Genetic differences in the defense against oxida-
tive stress, or DNA repair capacity likely modify the
toxic effects of arsenic as well. The knowledge of genetic
effect-modifications for arsenic is at present limited, but
such information is of importance, not only for under-
standing the mechanisms for arsenic toxicity, but also
for proper risk evaluation and identification of vulnerable
individuals and population groups. This review examines
the present evidence for gene-environment interactions
for arsenic.

doi:10.1016/j.tox1et.2006.06.098

S9 Risk Benefit Assessment Methodologies

91
Dealing with allergens in food: A risk analysis based
approach

Geert F. Houben
TNO Quality of Life, Zeist, The Netherlands

Food allergy currently evokes strong interest among reg-
ulators as well as consumers and industry. An issue of
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concern is the possible risk associated with unintended
presence of allergens, e.g. through cross-contact.

Knowledge of minimum eliciting doses (MEDs,
thresholds) is recognised as a key element in assessing
and managing allergen risks. However, application of
knowledge about MEDs, and in particular, extrapolation
of data from the study dose ranges to low doses is subject
to several important limitations and uncertainties. Esti-
mation of MEDs on a population basis and their use in
deterministic risk assessments will in many cases lead
to a conclusion that an allergic reaction due to a certain
(even very low) level of allergen in a food product can-
not be excluded. An approach aiming at zero-risk, leads
in practice to zero-tolerance of residual allergen. This
not only poses serious technical, practical, and finan-
cial problems for all stakeholders, but will likely fail to
achieve its stated aim.

To address this dilemma, the ILSI Europe Food
Allergy Task Force established the Expert Group on
Determination of Eliciting Doses. This Expert Group
examined the applicability of a probabilistic risk assess-
ment model to evaluate the consequences of defined
amounts of allergen in food. A modelling framework
developed by the Dutch TNO Quality of Life, and pop-
ulation distributions of MEDs using different statistical
fits were used. Further development and exploration of
this risk assessment approach may open options for an
approach for managing allergens in food based on the
concept of tolerable risk.

doi:10.1016/j.toxlet.2006.06.099
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The European Food Safety Authority (EFSA) and the
World Health Organization (WHO), with the support
of the European Branch of the International Life Sci-
ences Institute (ILSI Europe), organised an international
conference on 16—18 November 2005 to discuss how reg-
ulatory and advisory bodies evaluate the potential risks
of the presence in food of substances that are both geno-
toxic and carcinogenic.

Currently, there are three main approaches used to
assess the risks from substances that are genotoxic and

carcinogenic. The advice offered depends on the techni-
cal approach adopted by the regulatory or advisory body
providing the advice, and also on the legal background
in the region or country concerned. The conference dis-
cussed the options for risk assessment related to low
intakes of substances that are both genotoxic and car-
cinogenic, how the results should be interpreted in rela-
tion to human health, whether the available approaches
meet the needs of risk managers and how to provide
practical advice in situations where exposure cannot be
completely eliminated and the magnitude of risk cannot
be readily determined.
There was consensus at the meeting that:

(i) ALARA (as low as reasonably achievable) pro-
vided advice based solely on hazard identification
and did not take into account either potency or
human exposure;

(i1) quantitative low-dose extrapolation of
dose-response data from an animal bioassay
raises numerous uncertainties related to selection
of the most appropriate mathematical models to fit
the data and to extrapolate down to levels of human
exposure and the possibility of non-linearity in
the intake-response relationship over the range of
extrapolation;

(iii) the margin of exposure (MOE) was the preferred
approach at present as it is based on the available
animal dose—response data, without extrapolation,
and on human exposures; the MOE can be used
for prioritisation of risk management actions but is
difficult to interpret in terms of health risk.

Whichever approach is adopted, decisions on risk
management actions are likely to take into account other
aspects, such as cost and feasibility.

doi:10.1016/j.toxlet.2006.06.100
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Future Assessment: What are the options and how
can they be applied?

Gerhard Rechkemmer
Technische Universitaet Muenchen, Freising, Germany

The relationship between food and human health so far
was primarily focussed on the identification and charac-
terization of hazards originating from substances nat-
urally occurring or present as contaminants in food,
and the assessment of the associated risk, taking into
account exposure. An EC-funded concerted action deal-
ing with the risk assessment of chemicals in food and
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diet was recently conducted (FOSIE). The risk assess-
ment methodology and principles have been described
in great detail and a risk assessment paradigm has been
proposed.

The increasing development of functional foods has
now put the focus also on the characterisation of health
benefits from foods or food components. However, in
contrast to the commonly accepted principles and meth-
ods for risk assessment, a generally applicable benefit
assessment is lacking so far. In a further EU-funded con-
certed action a process for the assessment of scientific
support for claims on foods (PASSCLAIM) has recently
been developed. The PASSCLAIM project focussed on
the benefits of food and food components for human
health, well-being and the reduction of disease risk.
PASSCLAIM addressed diet-related cardiovascular dis-
ease, bone health and osteoporosis, physical perfor-
mance and fitness, body weight regulation, insulin sen-
sitivity and diabetes, diet-related cancer, mental state
and performance, and gut health and immunity. It has
resulted in common criteria to evaluate the benefits of
foods and food components were developed.

It will be important to develop new methodologies to
enable a common and concerted risk-benefit assessment
by integrating the principles now already in place for sep-
arate assessment of risks and benefits. The identification
and validation of specific biomarkers for health, well-
being and disease risk reduction is of great importance.
Furthermore new methods should be introduced, based
for example on parameters like quality-adjusted life
years (QALY) or disability-adjusted life years (DALY)
as tools for risk-benefit assessment.

doi:10.1016/j.toxlet.2006.06.101
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The threshold of toxicological concern concept in risk
assessment

Robert Kroes
IRAS, Utrecht University, Utrecht, The Netherlands

The concept that “safe levels of exposure” for humans
can be identified for individual chemicals is central to the
risk assessment of compounds with known toxicologi-
cal profiles. The traditional approach to risk assessment
is separated into hazard identification, hazard character-
isation, exposure assessment and risk characterisation,
and data from toxicity studies on the specific chemical
under evaluation are necessary for hazard identification
and characterisation.

The Threshold of Toxicological Concern (TTC) is
a concept that refers to the establishment of a level of

exposure for all chemicals, whether or not there are
chemical-specific toxicity data, below which there would
be no appreciable risk to human health. The concept pro-
poses that a low level of exposure with a negligible risk
can be identified for many chemicals, including those of
unknown toxicity based on knowledge of their chemical
structures.

The TTC principle was examined for general toxicity
end points as well as for specific end points includ-
ing carcinogenicity, teratogenicity, reproductive toxic-
ity and immunotoxicity. In addition, consideration was
given to structural alerts for high potency carcinogens,
endocrine disrupting chemicals, food allergens and to
the potential for metabolism and accumulation. A deci-
sion tree approach, which incorporates a tiered approach
for applying the TTC principle, has been proposed as a
preliminary step in food safety evaluation (Kroes et al.,
2000 and 2004).

The TTC principle, its use to date, its potential future
applications and the incorporation of the TTC principle
in the Risk Assessment paradigm are described.

doi:10.1016/j.toxlet.2006.06.102
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Intake assessment of a food additive on food con-
sumption data provided by retailer’s fidelity card

Herve Nordman, Yves Haldemann, Massimo Sardi,
Hans-Albrecht  Bartels, Peggy ~ Schumann, Bernard
Bottex

Ajinomoto Switzerland AG, Zug, Switzerland

The colorant Sunset yellow (E110) has been selected as
a test additive to develop a new approach to estimate
the intake of chemicals in food. First all E110 contain-
ing products sold by the Swiss food retailer Migros have
been identified. Migros as a retailer is unique as it pro-
duces practically all the manufactured foods it sells, thus
allowing for an easy quantification of the ingredient in
question and on top of it has an efficient fidelity card data
bank. Of the 3.1 million households in Switzerland, 2.3
million participate in Migros’ fidelity card programme
known as Cumulus. Analysis of the Cumulus database
showed that 27,440 households had purchased at least
one food product containing E110 during the 15 days of
the survey. 6860 Of these households purchase most of
their foods from Migros. Among those with the highest
E110 intakes, 1204 cardholders have been interviewed
by telephone. Formal consent of the cardholders was
obtained, and the household composition was described.

Eventually the survey covered 2390 household mem-
bers. The analysis revealed that 65% consumed some but
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less than 0.07 mg kg-body-weight ! day~! of E110; 8%
between 0.07 mg and 0.13 mg; 3% between 0.13 mg and
0.20mg; 3% between 0.20mg and 0.67 mg, and 0.4%
more than 0.67 mg. E110 intake has been estimated for
the total sample population, for the German, French and
Italian speaking groups, for age groups, per food cate-
gory, per gender and per status of household. The food
group that contributed the most to E110 intake was the
marzipan category: 1.33 mgkg-body-weight~! day~—!.

An important quality of the above intake assessment
method, as opposed to existing estimates obtained with
the Danish budget method or the Monte Carlo mod-
elling, is that it is closer to actual intakes. The method is
also much less time and resource consuming. However,
further validation of this promising intake assessment
method is needed, by comparison with other methods
and other ingredients.

doi:10.1016/j.toxlet.2006.06.103
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Utility of post-market monitoring of novel foods

Paul Hepburn, Heiner  Boeing, Andrew  Cockburn,
Anne Constable, Agnés Davi, John Howlett, Nynke
de Jong, Bevan Moseley, Regina Oberdorfer, Claire
Robertson, Hans Verhagen, Jean-Michel Wal

Unilever Bedford, Bedfordshire, UK

Prior to the marketing of novel foods a thorough evalua-
tion of nutritional and toxicological safety is conducted.
However, the conventional safety assessment approach
that has been classically used for chemicals poses differ-
ent challenges when applied to whole foods, including
GM and novel foods, and accordingly this has resulted
in modified testing protocols. Post Market Monitoring
(PMM) is increasingly being requested by regulatory
authorities, as part of the approval to accompany the
introduction of certain novel foods (e.g. phytosterol-
esters) into the market.

PMM is a tool that can be used as part of the
risk management process to confirm the assumptions
made in the risk assessment and obtain consumer use
information following the launch of a product. Two
essential elements can be addressed by PMM method-
ology, (i) tracking or estimating food consumption
under actual conditions of food use, and (ii) track-
ing or identifying any potentially food-related health
effects. Information on food consumption is generally
derived from three sources: food supply data, data from
household food expenditure/ consumption surveys, and
results of surveys of individual consumers. Tracking

or identifying potentially food-related health effects
requires access to health surveillance systems (e.g. dis-
ease registers, population health surveys), epidemiolog-
ical studies or through contact centres established by
the food companies. Successful PMM provides reas-
surance that the product does not cause adverse health
effects.

From the analysis of a number of case studies, which
have been reported, some conclusions on the applica-
bility of PMM have been drawn. In particular, PMM
can be considered as a potential tool that can be used
to complement the pre-market risk assessment. This is
achieved by providing information which can be used to
confirm the assumptions which were made around intake
and absence of health effects. However, PMM cannot be
used as a tool to replace any steps in the pre-market risk
assessment process. Further, the need for PMM must be
judged on a case-by-case basis in which the objectives,
the circumstances under which it is undertaken and the
methodology are considered.

doi:10.1016/j.toxlet.2006.06.104
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Teratogenic effects of ethanol: Interaction with
retinoid metabolism

Francoise Gofflot!, Jabier Gallego-Llamasz, Pascal
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U Institut Clinique de la Souris (ICS), Strasbourg,
France;  *Institut de Génétique et de Biologie
Moléculaire et Cellulaire (IGBMC), Strasbourg, France

The pathophysiological mechanisms involved in the
embryonic and fetal alcohol syndrome are not fully
understood. Maternal alcohol (ethanol) administration
during early embryogenesis can induce a spectrum of
developmental defects in animal models. Clearance of
ethanol involves the activity of alcohol dehydrogenases
(ADHs), a class of developmentally expressed enzymes
that have also been implicated in the first oxidative step
generating retinoic acid (RA) from circulating retinol
(Vitamin A). RA is the main active vitamin A metabolite,
and many lines of evidence have shown that this signal-
ing molecule has to be synthesized in specific tissues
and at appropriate levels to ensure normal embryonic
development. Vitamin A deficiency — or genetic condi-
tions that affect RA signaling — can lead to pleiotropic
embryonic and fetal defects, some of which being sim-
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ilar to the teratogenic effects of ethanol. It has there-
fore been suggested that some of the developmental
effects of excess ethanol may involve an interference
with endogenous RA synthesis by competiting with
ADH enzymes. Our work aims at demonstrating such an
interference in vivo. We are using a mouse model with
a targeted disruption of the gene coding for retinalde-
hyde deshydrogenase 2 (RALDH?2), the main enzyme
acting downstream of ADHs for embryonic RA syn-
thesis. Homozygous disruption of this enzyme is early
embryonic lethal. Heterozygous mutant mice are viable,
however, despite an impaired ability to synthesize RA
during embryogenesis due to Raldh2 haploinsufficiency.
We have investigated whether administration of ethanol
at subteratogenic doses may lead to selective defects in
Raldh?2 haploinsufficient embryos. We found that such
embryos exhibit developmental abnormalities similar
(albeit sometimes less severe) to those occurring spon-
taneously in Raldh2 homozygous mutants. These results
indicate that ethanol exposure is particularly deleterious
in individuals partly deficient in their ability to syn-
thesize RA during development. These analyses will
be refined through the use of a RA-sensitive reporter
transgene that will help define the critical stages and
embryonic tissues sensitive to ethanol exposure in a
Raldh2-deficient background.

doi:10.1016/j.toxlet.2006.06.105
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Valproic acid-induced skeletal malformations: Asso-
ciated gene expression cascades

Valentina Massa !, Robert M. Cabrera?, Francesca
Di renzo!, Richard H. Finnell2, Erminio Giavini!
U Department of Biology, University of Milan, Milan,

Italy 2 Center for Environmental and Genetic Medicine,
Institute of Biosciences and Technology, Texas A&M
University System Health Science Center, Houston, TX,
USA

Valproic acid (VPA) is an anticonvulsant drug widely
used therapeutically for a variety of neurological con-
ditions, including epilepsy. VPA is also well known for
its teratogenic potential in both humans and experimen-
tal animal models. The typical malformations observed
following VPA exposure include neural tube defects
(NTDs), craniofacial and skeletal malformations. Nev-
ertheless, the mechanisms underlying VPA’s anticonvul-
sant efficacy or its teratogenicity remain to be eluci-
dated. In order to study valproic acid-induced teratogenic
effects, two approaches were utilized. In the first project,
gene-expression profiles were analyzed, whereas the

second study was focused on histone acetylation sta-
tus. Using anti-sense RNA amplification and cDNA
microarrays, we examined the expression of approxi-
mately 5700 genes in the first six postotic somites of
control and treated embryos at 6, 12, 18 and 24 h after
the 8.5 days post coitum (d.p.c.) VPA treatment (1.36 and
2.72 mmol/kg). Analysis indicated that several ontolog-
ical groups (histone deacetylase complex, GTPases, cell
proliferation, apoptosis and cytoskeletal) have signifi-
cantly enriched gene expression changes in response to
the teratogenic insult.

The histone deacetylase (HDAC) enzymes partici-
pate in the nucleosome structure control. Several studies
showed that VPA is a strong inhibitor of HDAC activity
in cell and animal models, producing histone hyperacety-
lation. In order to better define the correlation between
HDAC inhibition and teratogenicity, pregnant mice were
treated i.p. on 8.5 d.p.c. with 400 mg/kg VPA. One hour
after treatment, embryos were processed for Western
blotting and immunohistochemical analysis, using anti-
bodies anti hyperacetilated histone H4. VPA exposure in
utero induced hyperacetylation of embryonic proteins,
specifically those localized in the caudal neural tube and
in the somites, the main target organs of VPA teratogenic
effects.

The results of these works suggest that valproic
acid induces congenital malformations through gene-
expression alterations by chromatin structure misregu-
lation.

doi:10.1016/j.toxlet.2006.06.106
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The genetic basis of mammalian neurulation

Andrew Copp

Institute of Child Health, University College London, 30
Guilford Street, London WCIN IEH, UK

Neurulation is a key event in central nervous system
development, in which bending and subsequent fusion
of the edges of the neural plate culminates in the for-
mation of the neural tube, the precursor of the brain and
spinal cord. Failure of neural tube closure results in neu-
ral tube defects (NTDs) in which the lumen of the neural
tube remains open to the amniotic fluid environment.
Degeneration of the neuroepithelium occurs later in ges-
tation leading to neurological deficit by the time of birth,
and severe handicap from the newborn period onwards.
While a strong genetic predisposition to human NTDs is
generally accepted, the genes that mediate this predispo-
sition have been difficult to identify. In contrast, over 100
genes are known to be required for mouse neural tube
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closure, by virtue of the NTD phenotypes when they are
inactivated in knockout or mutant strains.

In this talk, three types of genetic mouse NTDs will
be described. (1) Failure of the initial step of neuru-
lation, leads to the most severe NTD, craniorachischi-
sis, in which the neural tube remains open from mid-
brain to low spine. Recent studies show that initiation
of neurulation requires signalling via the non-canonical
Wht/dishevelled (planar cell polarity) pathway. (2) Dis-
ruption of dorso-lateral neural plate bending in the low
spinal region prevents the neural fold tips from com-
ing into apposition, leading to lumbo-sacral spina bifida.
Our studies demonstrate an essential role for signalling
via the BMP and Sonic hedgehog pathways in regulating
neural plate bending. (3) Re-opening of the closed neural
tube can yield a variety of NTDs, including isolated tho-
racic spina bifida, not previously seen in mouse genetic
models. Studies in a new genetic knockout strain demon-
strate that NTDs can result from re-opening as well as
failure of neural tube closure.

Primary prevention of NTDs is now practised clin-
ically using peri-conceptional folic acid therapy. How-
ever, a proportion of NTDs in humans and mice do not
respond to folic acid, and we have described the use of
inositol as an alternative, adjunct therapy where folic
acid is ineffective. Studies of the action of inositol in
preventing NTDs in mice will be described, as well as
a new clinical trial to evaluate inositol as a preventive
agent for NTDs in human pregnancy.

doi:10.1016/j.toxlet.2006.06.107
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TGF beta signaling in neural crest cells in develop-
ment and diseases

Lukas Sommer
ETH Zurich, Switzerland

Stem cells are undifferentiated cells with the potential
to generate multiple specialized cell types, and with the
capacity to self-renew and thus to produce undifferen-
tiated progeny that are stem cells again. Due to these
properties stem cells can yield appropriate numbers of
differentiated cells in developing organs and can regu-
late tissue maintenance, regeneration, and repair. These
functions are not only of interest to basic science, but also
have implications for clinically oriented research. How-
ever, the mechanisms that govern stem cell self-renewal
and differentiation are still poorly understood. Recently,
we have shown that specific inactivation of TGF[peta
signaling in neural crest stem cells (NCSCs) results in
cardiovascular defects, thymic, parathyroid, and cranio-

facial anomalies, as well as developmental eye disorders.
All these malformations represent features of DiGeorge
syndrome, the most common microdeletion syndrome
in humans, and Axenfeld Rieger’s anomaly, character-
ized by compound malformations in the anterior eye
segment. Consistent with a role of TGFeta in promot-
ing non-neural lineages in NCSCs, mutant neural crest
cells migrate into the pharyngeal apparatus and into the
developing anterior eye, but they are unable to acquire
non-neural cell fates. Thus, TGFBeta signal modulation
in neural crest cells might play a crucial role in the eti-
ology of the congenital disorders DiGeorge syndrome
and Axenfeld Rieger’s anomaly. The combined data are
consistent with a role of TGFeta in suppressing NCSC
maintenance, thereby promoting stem cell differentiation
in a context-dependent manner.

doi:10.1016/j.toxlet.2006.06.108
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Structure-activity relationship for the reactivators of
acetylcholinesterase inhibited by nerve agent VX
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! Department of Toxicology, Faculty of Military Health
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Nerve agents such as sarin, VX and tabun are
organophosphorus substances able to inhibit an enzyme
acetylcholinesterase (AChE; EC 3.1.1.7). AChE reac-
tivators (pralidoxime, obidoxime and HI-6) and anti-
cholinergics (atropine mainly) are generally used as
antidotes in the case of intoxication with these agents.
Among the nerve agents, agent VX (O-ethyl S-
[2-(diisopropylamino)ethyl] methylphosphonothioate)
belongs to the most toxic organophosphorus nerve agents
ever prepared. This very high toxicity is caused by the
disability of blood hydrolases to cleave this nerve agent.
There are many studies dealing with the relationship
between structure of nerve agents antidotes and their bio-
logical activities. However, there is lack of studies aimed
especially at the structure-activity relationship of anti-
dotes, especially AChE reactivators, against VX agent
intoxication.

Due to this, in this work, reactivation potency of 25
structurally different AChE reactivators was tested in
vitro and subsequently, relationship between their chem-
ical structure and biological activity was outlined. As
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resulted, the most important structural factor in reacti-
vator’s molecule seems to be position of the functional
oxime group (position four), followed by presence of
quaternary nitrogens influencing the affinity to intact and
inhibited AChE.

This work was supported by the Ministry of Defence
(Czech Republic), Grant No. FVZ0000604.

doi:10.1016/j.toxlet.2006.06.109
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Comprehensive evaluation of pediatric susceptibility
to 18 industrial chemicals
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' National Institute of Health Sciences Tokyo Japan;
2 Toxicology Excellence for Risk Assessment, Cincin-
nati, USA; 3 Yokohama National University, Yokohama,
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To elucidate relative pediatric susceptibility to chemi-
cals, we first established a protocol for an 18 day repeated
dose study in newborn rats; doses for eighteen industrial
chemicals, mostly phenolic substances, were adminis-
tered by gavage from postnatal Days 4 to 21. The toxicity
results from these newborn studies were then compared
to those of young rat studies for 28 days starting at 5-6
weeks of age. Both studies were conducted under the
same experimental conditions as far as possible, such
as the same strain from the same breeding farm, the
same Lot Number of chemicals, and the same adminis-
tration solutions preparation. For evaluation, in addition
to main study, the results of dose-finding study were
very carefully taken into account, considering the lack of
information from dose-finding studies such as the lack
of histopathological examination in both newborn and
young studies. Two new toxicity endpoints specific to
this comparative analysis were identified; the first, pre-
sumed no observed adverse effect levels (pNOAELs)
were estimated based on the results of both main and
dose-finding studies, and the second, presumed unequiv-
ocally toxic levels (pUETLs) were defined as clear toxic
doses giving similar severity in both newborn and young
rats. With analyses of both pPNOAEL and pUETL ratios,
six or five chemicals demonstrated lower or nearly equal
sensitivity (less than two-fold variation) in the newborn
as compared with the young rat. However, 11 chem-
icals were clearly more sensitive (two- to eight-fold)
in newborn rats when compared with young rats, and

newborn rats were exceptionally sensitive for 1 chem-
ical (more than 25-fold). In addition, Benchmark Dose
Lower Bound (BMDL) was calculated as an alternative
endpoint for pNOAEL. Most BMDLs were compara-
ble to the corresponding pNOAELs and the correla-
tion coefficient was 0.904. In conclusion, newborn rats
demonstrated greater susceptibility (at most eight-fold)
to nearly two thirds of chemicals, and less or nearly equal
sensitivity to the others, for repeated oral exposure. It
should be noted that there was one exceptional case in
which toxicity appeared only in newborn rats.

doi:10.1016/j.tox1et.2006.06.110
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Pneumoconiosis: Some historical highlights and a
perspective into particle toxicology of the future
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Particle research has been historically closely connected
to industrial activities or materials, such as coal, asbestos,
man-made mineral fibers causing pneumoconiosis. More
recently ambient particulate matter (PM) is ruling the
waves in scientific journals, since it causes acute mor-
tality in susceptible groups. In supporting research on
particle-induced respiratory effects and mechanisms,
research programs of the European Community on Steel
and Coal (ECSC) have played a tremendous role. Now
current particle research in Europe and the USA is domi-
nated by the PM issue, and within a few years the testing
and effects of manufactured nanomaterials will drive par-
ticle toxicology. It is the purpose of this presentation to
put current development in particle toxicology within the
historical context of its development in Europe.
Differences between historical and current research in
particle toxicology include the exposure concentrations,
particle size, target populations, endpoints, and length of
exposure. Inhaled particle effects are no longer confined
to the lung, since particles are suggested to translo-
cate to the blood while lung inflammation invokes sys-
temic responses. Particle size and concentrations have
both been reduced about 100-fold from 2-5mg/m? to
20-50 pg/m? and from 1-2 um to 20-100nm (ultra-
fine) as domestic fuel burning has decreased and vehi-
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cle sources have increased and attention has moved
from coal mining industry to general environment. Sec-
ondly there is the major issue of poorly soluble particles
(including coal mine dust, carbon black, TiO;) that cause
lung cancer in rats. So far, risk assessment has tremen-
dous problems in extrapolating these findings to humans
and it historical data on dust-overloaded coal miners’
lungs are used to resolve this issue.

Finally, Nanotechnology continuously produces new
materials in the ultrafine range. Although inhalation
exposure is considered to be minimal in this technol-
ogy, some particles are being used for carrier purpose in
medical applications. While coal mining was the black
gold of the early 20th century, Nanotechnology is up
to even higher expectations in the 21st century. How-
ever, learning from the past and current insights into the
adverse effects of particles, we have to invest in new
methods both in testing and risk assessment to allow a
sustainable development of nanomaterials. Before jump-
ing into this pool of opportunities a lesson of the past and
especially in coal mine induced respiratory diseases is
obligatory.

doi:10.1016/j.toxlet.2006.06.111
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Silicosis and Progressive Massive Fibrosis (PMF) are
chronic interstitial lung diseases with a complex etiology
that can occur after cumulative dust exposure. A large
number of mediators such as cytokines, antioxidants
and growth factors have been implicated in the patho-
genesis of experimental and human pulmonary fibrosis.
Common functional polymorphisms in these genes have
been shown to influence individual susceptibility against
various lung pathologies including, cancer, asthma, and
chronic obstructive pulmonary disease. In light of this,
we investigated associations between cytokine, antioXi-
dant and fibrogenic gene variations and the development
and severity of dust-induced pulmonary fibrosis in ex-
coal miners with silicosis and PMF. A significant asso-
ciation was found between silicosis and the TNFa —238,
TNFo —308 and IL-1RA +2018 variants. Also, an asso-
ciation between accelerated decline in lung function and
genetic variations in cytokine genes were investigated in

firefighters. There is a broad range of rates of longitudinal
decline in lung function among firefighters, and this can-
not be explained with differential occupational smoke
exposure. Genetic differences in pulmonary response to
respiratory toxicants likely play a role in determining
the rate of longitudinal decline. Our results showed that
the presence of IL-1 +3953, IL-1RA +2018 and TNF«
—308 variants are associated with the decline rate of lung
function as measured by FEV1. These findings suggest
that specific variants of cytokine genes may influence
individual susceptibility to occupational pulmonary dis-
eases.

doi:10.1016/j.tox1et.2006.06.112
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Asbestos and asbestosis in Croatia: Past, present and
future

Ivancica Trosic¢
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This study gives a historical review of the national use
of asbestos, the first and later appearance of asbestos-
related diseases in the country, health risk derived from
para-occupational exposure to asbestos, and the national
and European Union (EU) regulations on the asbestos
issue. Between 1945 and 1990 Croatia had a strong ship-
building and asbestos cement industry. The first cases of
asbestosis were reported in 1960, and 317 cases were
recorded from 1990 to 2000. The Croatian Cancer Reg-
istry recorded a total of 248 cases of pleural mesothe-
lioma between 1991 and 1997, two-third of which were
attributable to occupational exposure to asbestos. Regu-
lations on maximal allowable concentrations for harmful
agents in the work environment and biological limit
value, including all forms of asbestos were issued in
1993. By including asbestos on the Health Ministry’s
list of toxic materials, Croatian government banned the
manufacture, trade and use of asbestos, effective January
1, 2006. This ended the manufacture, trading and use of
asbestos and asbestos products, suspended all asbestos
production in Croatia and brought Croatia into line with
the member states of the EU. On February 14, 2006,
the Ministry of Health released a revised version of the
List, whereby the sale and commercial use of asbestos
remain off limits, but the production of asbestos products
is allowed. Besides, para-occupational exposure seems
to be at least as dangerous as occupational because the
majority of people are not aware of it. Major asbestos
exposure continues today in building, renovation, demo-
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lition, maintenance, brake repair, household repairs, and
do-it-yourself construction. The Institute for Medical
Research and Occupational Health in Zagreb identifies
asbestos by presence and type in bulk materials using a
certified standard method (Health and Safety Executive
Book, UK, Method for the Determination of Hazardous
Substances-Series 77—Asbestos in bulk materials; HRN
EN ISO 9001:2002; HRN EN ISO/IEC 17025:2004).
The article includes recommendations for proper pro-
cedure in response to positive asbestos findings. The
future approach to the asbestos issue in Croatia will by all
means depend on revised regulations, which are expected
to conform to the recommendations of the European
Union.

doi:10.1016/j.toxlet.2006.06.113
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Clinical detection of silicosis is currently dependent
on radiological abnormalities, a late manifestation of
disease. A need for markers of prediction and early
detection of pneumoconiosis is imperative for the early
evaluation of dust allaying strategies. Understanding of
the underlying mechanisms of the etiology of silicosis
was instrumental in proposing numerous biomarkers that
have been evaluated to assess effects following expo-
sure to crystalline silica dust. Human validation studies
have substantiated some of these proposed biomarkers
and have argued in favour of their use as biomarkers
for crystalline silica-induced pneumoconiosis. A num-

ber of ‘ideal’ biological markers of effect were iden-
tified through literature review, viz. TNF-a, IL-8 and
ROS measurement by chemiluminescence (monocyte
release), CC16, 8-isoprostanes, total antioxidant lev-
els measured by TEAC, glutathione, glutathione per-
oxidase, glutathione S-transferase, and PDGF (serum).
These identified biomarkers were then evaluated in South
African gold miners exposed to silica with and without
clinical evidence of silicosis and in control group of men
with no silica dust exposure.

Results showed that three out of the 10 biomarkers
investigated were significantly affected by exposure to
silica dust, independently of any effects due to HIV infec-
tion, ARV treatment, smoking or age, to an extent that
would enable them to be used as biomarkers of early
effects due to exposure to crystalline silica.

Financial support from Mine Health and Safety Council
and permission from Harmony gold mines to recruit vol-
unteer subjects from their mine workforce are gratefully
acknowledged.
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In Turkey as a developing country, 4,220,000 (20.7%) of
a total number of 51,202,000 economically active popu-
lation work in the industry (Home Population Workforce
Statistics, 2005; www.die.gov.tr). Beside this, 98.1% of
850.928 workplaces are small-scale enterprises which
have less than 50 employees (www.ssk.gov.tr). As a
result of this, Turkey is alate industrized country at where
agricultural employment is still important, an artificial
condition occurred in the service sector and small-scale
enterprises are dominating.

According to official data, the diagnosed occupational
diseases is decreasing during the past few years, the total
number of occupational disease is 384 at 2004 and the
incidence is less than 0.001%. Regarding to the Euro-
pean Union data of 2002 which reveals the incidence of
occupational diseases is 0.3—0.5%; the number of diag-
nosed occupational diseases every year in Turkey should
be at least 20,000.

The pneumoconiosis related studies in Turkey are
limited. Most of them are work place based and cross-
sectional studies. At the last evaluation, the CWP preva-
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lence changed from 1.23% to 6.23% and the incidence
is changed from 0.17% to 2.18% at the bituminous coal
region, in the last 20 years (Oztiirk et al., 2005). Two
studies at the lignite mine workers had been done at the
enterprises run by the state. The prevalence was found as
13.5%. At one of the studies, a correlation between the
dust exposure time and CWP had been shown (Cimrin
et al., 2005, 2004). One of the studies at the work places
where there is quartz exposure was consisted of the enter-
prises around Cine. Silicosis prevalence was found as
15% at quartz mill workers (Sener et al., 1993). Silicosis
frequency at two different ceramic factory workers were
found as 6.0% and 6.5% (Cimrin et al., 1999; Sakar et
al., 2005); and the workers who make glass sandblasting
and metal sandblasting at small enterprises were found
as 36.4% (Sevinc et al., 2003). At 12 denim processing
enterprise in Izmir, silicosis related changes were found
atthe 23.8% of the cases (Cimrin et al., 2006). At a cross-
sectional study with 500 workers at Cine region in 2004,
the pneumoconiosis frequency at quartz and feldspar
grinding work was found as 23% (Oztiirk et al., 2006).
At the cross-sectional studies done at the workplaces at
where there is coal and quartz exposure, pneumoconiosis
cases which are severe and complicated as it can cause
morbidity were not determined. The dominant profusion
was 1 and less than this, there was profusion at the level
of 2.

The pneumoconiosis case reports from the clinics are
very limited. One of them is two cases who have the
history of working as dental technicians reported by Kar-
taloglu et al. There is morbidity (Kartaloglu et al., 2003).
Other reports come from textile and dental laboratories
(Akgiin et al., 2005; Gur et al., 2005; Karaman et al.,
2006).

As a conclusion, in order to realize the real situation
of occupational diseases and to create a healthy working
environment in Turkey; employers’, related sites’ coop-
eration is necessary.

doi:10.1016/j.tox1et.2006.06.115
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The 2005 WHO re-evaluation of toxic equivalency
factors for dioxin like compounds—Implications for
risk assessment and limitations of the concept

Martin Van den Berg

World Health Organization Collaborating Centre for
Research on Environmental Health Risk Assessment and
Institute for Risk Assessment Sciences, Faculties of Vet-
erinary Medicine, Science and University Medical Cen-
ter, Universiteit Utrecht, The Netherlands

An WHO-IPCS expert meeting was held in June 2005
(Geneva, Switzerland) during which a re-evaluation
took place of the toxic equivalency factors (TEFs) for
dioxin like compounds, including some polychlorinated
biphenyls (PCBs). Evaluation of existing WHO-TEF
values were based on a combination of unweighted rel-
ative effect potency (REP) distributions, expert judge-
ment and point estimates. Changes in TEF values were
decided by the expert panel for a number of envi-
ronmentally significant congeners such as 2,3,4,7,8-
pentachlorodibenzofuran (PnCDF), octachlorodibenzo-
p-dioxin (OCDD) and octachlorodibenzofuran (OCDF),
and mono-ortho substituted PCBs. The new 2005 WHO
TEF values have some impact on the total toxic equiva-
lency (TEQ) with an overall decrease between 10% and
25% for most human food matrices. An important pre-
requisite of the TEF concept is additivity and the WHO
expert panel recognized that this was further confirmed
by recent in vivo mixture studies. It was also recognized
that new studies provide evidence that non dioxin-like
AhR agonists/antagonists that might impact the overall
toxic potency of dioxin like compounds. Several (groups
of) compounds were further identified that might possi-
bly be included in the TEF/TEQ concept in the future.
Concern by the WHO panel was also expressed about
the application of the TEF/TEQ approach to abiotic envi-
ronmental matrices such as soil, sediment, etc., as these
values and associated methodology are primarily meant
for estimating exposure via dietary intake. A number
of future approaches to determine alternative or addi-
tional TEFs were also identified. In this presentation the
outcome of this WHO re-evaluation will be presented
in more detail, while in addition points of discussion
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as identified at the meeting will be brought forward
also.

doi:10.1016/j.toxlet.2006.06.116
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p53is akey molecular node in the inflammatory stress
response network

Curtis C. Harris

Laboratory of Human Carcinogenesis, National Cancer
Institute, NIH, Bethesda, MD 20892-4258, USA

Free radicals are ubiquitous in our body and are gener-
ated by normal physiological processes, including aer-
obic metabolism and inflammatory responses, to elim-
inate invading pathogenic microorganisms. Free radi-
cals can also inflict cellular damage. Several defenses
have evolved both to protect our cells from radicals
— such as the p53 and the Rb tumor suppressor path-
ways, and antioxidant scavengers and enzymes — to
repair DNA damage. Nevertheless, many chronic inflam-
matory diseases, e.g., ulcerative colitis, are associated
with increased cancer risk. Understanding the relation-
ship between chronic inflammation and cancer provides
insights into the molecular mechanisms involved. In par-
ticular, we highlight the interaction between nitric oxide
and p53 as a crucial pathway in inflammatory-mediated
carcinogenesis.

doi:10.1016/j.toxlet.2006.06.117
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Apoptosis and proliferation in chemical toxicity

Alex Bell, Mark Graham, Ruth Roberts, Tim Ham-
mond

SAUK Astrazeneca, Astrazeneca, Alderley Park, Mac-
clesfield, Cheshire SK10 4TG, UK

Most cells in the body exist in the “resting” or Go state
of the cell cycle. Itis a combination of internal and exter-
nal factors that control the fate of the cell with respect
to prolonging its survival, stimulating its proliferation or
pushing it towards a controlled programmed cell death.
Exposure of an organism to a xenobiotic can dramati-
cally alter the normal fate of the cell with the resultant
cellular phenotype manifesting itself as a toxicological
lesion or regenerative response to toxic damage. The
action of the xenobiotic on cell fate may result from
the primary pharmacology of the drug target and in this
scenario an understanding of disease context in which

the drug is to be used relative to its pharmacologi-
cal action are important. Conversely, the action of the
chemical drug may result from “off-target” interactions
with other proteins. In this scenario an understanding
of the mechanism of the off-target interactions are nec-
essary to either determine relevance to man and/or to
provide opportunities to screen out the toxicological
liability.

Three themes of chemical induced changes of cell fate
will be highlighted and the molecular mechanisms cur-
rently understood to be involved in these cell fates will be
considered. The proliferative response of agonism of the
aryl hydrocarbon receptor (AhR), a transcription factor
important in the mechanism of toxicity of some envi-
ronmentally and pharmaceutically important chemicals
that shows species differences in pleitropic response will
be explored. Peroxisome Proliferator Activated Recep-
tor (PPAR) involvement in cell proliferation and sup-
pression of apoptosis in relation to receptor mediated
carcinogenesis will be presented, and lastly antagonism
of IkB kinase (IKK?2) pathway will be used as an illus-
trative example of “on-target” effect where toxicities in
the rat are driven by pharmacology.

doi:10.1016/j.toxlet.2006.06.118
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DNA repair in defence against genotoxin-induced
apoptosis

Bernd Kaina, Manuela Briegert, Steffen Naumann,
Markus Christmann, Gerhard Fritz, Wynand Roos

Department of Toxicology, University of Mainz, Mainz,
Germany

DNA damaging agents are powerful inducers of apop-
tosis. To identify critical lesions responsible for the
apoptotic response, we studied apoptosis in various
DNA repair deficient cell systems. Cells defective in
nucleotide excision repair are hypersensitive to UV-C-
induced apoptosis, showing that DNA lesions and not
death receptor activation on its own trigger apoptosis.
Cells defective in MGMT are hypersensitive to methy-
lating agents showing that O°-methylguanine (O°MeG)
triggers apoptosis. In this process, mismatch repair
(MMR) and DNA replication are essentially involved.
0%MeG is hypothesized to be converted via MMR and
DNA replication into DNA double-strand breaks (DSBs)
that act as a critical downstream trigger of apoptosis. In
rodent fibroblasts, DSBs provoke Bcl-2 decline, caspase-
9/-3 activation, PARP cleavage and finally DNA degra-
dation. This occurs independent of p53. ATM is not
required since ATM deficient cells are hypersensitive to
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methylating genotoxins when MGMT is depleted. p53
and c-Fos knockout mouse fibroblasts are more sensi-
tive to UV light than the corresponding wild-type cells,
indicating that in fibroblasts p53 and c-Fos play a pro-
tective rather than a pro-apoptotic role, which is due to
regulation of DNA repair genes. Human lymphoblastoid
cells and malignant glioma cell lines are more sensi-
tive to methylating agents if they are wild-type for p53
compared to pS3 mt. Methylation-induced apoptosis in
lymphocytes and glioblastoma cells was preceded by
DSB formation, p53 stabilization, and death receptor
(Fas/CD95/Apo1) upregulation. 0°MeG lesions do not
induce immediate early-signaling. This is in contrast to
cisplatin which is highly effective in inducing the MAP
kinase pathway provoking sustained JNK/p38 kinase
activation and death receptor ligand (Fas-L) upregu-
lation. For methyl methanesulfonate, JNK/P38 kinase
activation requires DNA-PK and CSB protein that appear
to be involved in sensing critical DNA damage. Overall,
the data show that non-repaired DNA damage triggers
apoptotic cell death in a cell-type and lesion-specific way
by activating the death receptor or mitochondrial dam-
age pathway. Although many downstream players may
have impact on cellular sensitivity, DNA repair seems to
be most important in determining the genotoxin-induced
apoptotic response.

Work was supported by DFG, Ka724/12-1, Ka724/13-1,
13-2 and SFB432/B7.

doi:10.1016/j.toxlet.2006.06.119
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Effects of dietary flavonoids on detoxyfing cell system

Ksenija Durgo!, Lidija Vukovié3, Gordana Rusak?,
Maja Osmak 3, Jasna Franekié¢ Coli¢!

! Faculty of Food Technology and Biotechnology, Uni-
versity of Zagreb, Zagreb, Croatia; > Faculty of Natural
Science, University of Zagreb, Zagreb, Croatia; 3 Ruder
Boskovi¢ Institute, Zagreb, Croatia

Flavonoids are phytochemicals widely distributed in
plants. In this work we have investigated five struc-
turally similar flavonoids for their ability to: (i) to cause
antioxidant/prooxidant effect in cells; (ii) to change basal
level of total cellular glutathione and glutathione-S-
transferases; (iii) to cause cytochrome 1Al expression
and (iv) their influence on antiapoptotic proteins expres-
sion (survivin and Bcl-2) and their ability to cause PARP
degradation.

For this purpose, laryngeal carcinoma cell lines HEp2
and drug resistant cell line CK2 were used.

Previously, we have concluded that cell line CK2
was more resistant to cytotoxic effect of investigated
flavonoids than parental, HEp2 cells. Quercetin, lute-
olin and fisetin have acted as prooxidants in cell lines
where cytochrome 1Al was highly expressed (cell
line HEp2). In such conditions, fisetin and luteolin
have caused enhanced prooxidative response when cells
were treated with free radicals of other origin. In
cells where cytochrome 1A1 was slightly expressed,
quercetin has caused protein PARP degradation and
survivin expression. Luteolin has caused PARP degra-
dation and antiapoptotic proteins expression in cells
with low cytochrome 1A1 and glutathione expression.
In cells where expression of cytochrome 1Al is low
and glutathione-S-transferases activity and glutathione
level high, fisetin has caused PARP degradation and anti-
apoptotic proteins repression. These results show clear
evidence of proapoptotic nature of fisetin. Naringin has
shown antioxidant property, it has caused cell mem-
brane stabilisation and higher selectivity. In cells where
cytochrome 1A1 was highly expressed, together with
total cellular glutathione and glutathione-S-transferases,
naringin has caused Bcl-2 repression, and has shown
proapoptotic action. Myricetin did not cause proox-
idative damage; it has caused expression of phase II
enzymes and Bcl-2 expression, pointing its antiapoptotic
nature.

In conclusion, small differences in chemical structure
of flavonoids lead to drastic change of their biologi-
cal effects. These effects are strongly dependent of cell
type as well as test systems used. Extensive studies on
structure—function relationship of flavonoids in different
test systems could provide rational approach to drug and
chemopreventive agent design.

doi:10.1016/j.toxlet.2006.06.120
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FISH for micronuclei analysis in barley cells

Jolanta Juchimiuk, Barbara Hering, Jolanta Maluszyn-
ska

University of Silesia, Poland

Chromosomal aberrations (CA) can be detected with
simple, classical chromosome staining methods, never-
theless fluorescent in situ hybridization method (FISH)
provides new tools for their analysis. The identification
of individual chromosomes or chromosome arms using
FISH with specific probes is very helpful in the detection
and detailed characterization of chromosome rearrange-
ments. Additionally, the possibility of the detection of
chromosome or chromosome fragments in interphase
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nuclei in order to analysis of chromosomal aberrations,
is unquestionable advantage of FISH technique.

Until now, FISH is not widely applied in plant muta-
genesis for detection and precise localization of chromo-
some aberrations, as DNA probes required for chromo-
somes of particular plant species are very limited. The
application of FISH in chromosomal aberrations analysis
is more common in human cytogenetics and carcino-
genicity studies in mammals. However, there are plant
species, which most of the chromosomes can be distin-
guished by presence/specific location of available DNA
probes and thus make possible detailed CA analysis with
FISH.

In present study fluorescent in situ hybridization
(FISH) using telomere- and centromere-specific DNA
and rDNA (55 and 25S rDNA) as probes was used to
compare the cytogenetic effects of two chemical muta-
gens: N-nitroso-N-methylurea (MNU) and maleic acid
hydrazide (MH) on root tip meristem cells of Hordeum
vulgare (2n=14). The micronucleus test (MN) com-
bined with FISH allowed quantitative analysis of the
involvement of chromosome fragments in micronuclei
formation and thus enabled explanation the origin of
mutagens-induced micronuclei. The analysis of the fre-
quency of micronuclei with signals of investigated DNA
probes did not show significant differences between
the MH- and MNU-induced micronuclei. Additionally,
especially the application of rDNA as probes to FISH
enabled more detailed study of the contribution of partic-
ular chromosomes/chromosome fragments in micronu-
clei formation.

doi:10.1016/j.toxlet.2006.06.121
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Common adulterants and food safety status in India

Mukul Das

Food Toxicology Laboratory, Industrial Toxicology
Research Centre, Lucknow 226001, India

Food is required for the growth and maintenance of liv-
ing organisms. The chemical constituents of food that
are important to safety include a wide spectrum of sub-
stances. These chemical substances may exist as natu-
rally occurring components, or as contamination of the
environment in which the food is produced and stored,
or as additives introduced by man in the course of food
manufacture and preparation, or as deliberate adulter-
ants added for the purpose of earning undue profits by

unscrupulous traders. Broadly, the common pollutants
causing concern to food industry and consumers could be
classified as (a) intentional additives/adulterants and (b)
non-intentional contaminants. The commonly encoun-
tered food adulterants which pose a serious health haz-
ard are: (i) Non-permitted colours in sweets, savoury,
crushed ice, hard boiled sugar confectioneries, spices,
etc. (ii) Adulterants in edible oils such as Argemone
seed oil; butter yellow for colouration of cheaper colour-
less oil; tricresyl phosphate, an odourless and colourless
industrial chemical. (iii) Lathyrus sativus pulse and its
flour in Cajanus indicus pulse and dehusked Bengal
gram flour. Among the contaminants of concern are: (i)
polycyclic aromatic hydrocarbons, a group of ubiquitous
environmental pollutant in several foodstuffs including
several edible oils. (ii) Toxic metals in various raw and
processed foodstuffs. (iii) Pesticide residues especially
organochlorine compounds in food grains, vegetables,
fruits, milk and edible oils. (iv) Mycotoxins which repre-
senta major group of chemicals that can occur in a variety
of plant food especially in tropical countries. Among
these compounds, aflatoxin B1 appears to be the most
hazardous. Thus, there is need to restrict the presence
of various contaminants and adulterants in food within
the maximum permissible levels. It is only after ensuring
good quality food, by keeping the contaminants as low
as achievable, that we shall be able to fulfill the basic
requirement of safe food for humans.

doi:10.1016/j.toxlet.2006.06.122
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Food safety nets in Latin America

Elizabeth de Souza Nascimento

Faculty of Pharmaceutical Sciences/University of Sdo
Paulo, Sao Paulo, Brazil

Food security exists when all people, at all times, have
physical and economic access to sufficient, safe and
nutritious food to meet their dietary needs and food pref-
erences for an active and healthy life. The four pillars of
food security are availability, stability of supply, access
and utilization. There are many nets involved with attack-
ing hunger, and they are necessary as FAO estimates that
852 million people worldwide are undernourished: 815
million in developing countries, 28 million in the coun-
tries in transition and 9 million in the industrialized coun-
tries. It is a fact that the percentage of population under-
nourished in the Latin America and Caribbean decreased
from 19 millions in 1967 to 10 million at the turn of the
new millennium. So, supply food to hunger people still
an issue in this part of the world. But also food safety is of
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concern, for it defines the degree of confidence that food
will not cause sickness or harm to the consumer when it
is prepared, served and eaten according to its intended
use. In order to assure that, there are nets of food safety
involved to assess hazardous chemicals in food, includ-
ing naturally occurring toxicants, agro-industrial con-
taminants and food additives. Examples of these nets in
Latin America are CY TED—American Iberian Program
of Science and Technology. The signatary members are
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica,
Cuba, Ecuador, El Salvador, Spain, Guatemala, Hon-
duras, Mexico, Nicaragua, Panama, Paraguay, Peru, Por-
tugal, Dominican Republic, Uruguay and Venezuela, and
in the area of food and agriculture houses investigations
such as risk evaluation of arsenic and other toxic metals
in food, among others. Some of this countries devel-
oped programs to assure food safety, and Brazil is among
them, carrying on programs, such as the Analysis of
Pesticide Residues in Foods, coordinated by the Health
Ministry, in which from 2001 to 2004 analyzed 4001
food samples. The results showed that 2032 samples pre-
sented pesticide residues, 71% in accordance to Brazilian
regulations and 28.5 were not. This presentation will
focus on food safety nets and their accomplishments in
Latin America.

doi:10.1016/j.toxlet.2006.06.123
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Evaluation of the daily nitrate intake through infant
formulas in Brazil

Elede Martins Elias, Susanne Rath, Felix G.R. Reyes
State University of Campinas, Campinas, Brasil

Whey from milk with added nitrate in the cheese pro-
duction may contain higher levels of nitrates, and since
it is used as ingredient in infant formulas, it could be
a source of nitrate in this food. Nitrate is considered a
compound of relatively low toxicity and its risk to the
human health depend on its reduction to nitrite, which
can lead to the formation of methemoglobinemia or N-
nitroso compounds. Breast milk is the fundamental food
for the healthy development of infants, but in some cases
the use of infant formula is necessary. The baby bot-
tles prepared with infant formula thus becomes the main
source of nitrate exposure for babies less than 3 months
old. A method to quantify nitrate using flow injection
analysis (FIA), with spectrophotometric detection, based
on the formation of FeSCNNO*, was developed and
validated. The nitrate was extracted from the infant
formula with water at 50°C and treated with Carrez
reagent. The clean-up of the extract was performed using

solid phase extraction on octadecil cartridge. For the
method validation the following parameters were evalu-
ated: linear range (0.50-3.00 mg L™"), linearity 0.9917;
intra-assay precision (R.S.D. 1.60%; n=10), detection
limit (0.3 mgkg™"), quantification limit (1.00 mgkg~"!)
and recovery (94-108%). The method was used for the
determination of nitrate in infant formulas available in
the retail market of the state of Sao Paulo, Brazil. The
nitrate level in the samples (n=30) was lower than
21.8mgkg~!. Nine samples presented a nitrate level
lower than the quantitation limit of the method and 21
showed an average value of 7.040.35mgkg™!. The
daily nitrate intake was estimated considering the aver-
age consumption of baby bottles prepared with the infant
formula, for children aging 0—12 months old. For this
purpose, the nitrate content in the water used in the prepa-
ration of the baby bottles was considered and ranged
from 0.37 to 2.69 mg/kgb.w./day. It should be empha-
sized that the higher values of ingestion were found for
infants less than 3 months old. The results indicate the
need to establish specific legislation in Brazil for the
presence of nitrate in infant formulas, in particular for
those destined to infants up to 12 weeks old, in order to be
able to conduct actions to control the presence of nitrate
in this food, since infants younger than 3 months old
are particularly susceptible to the formation of methe-
moglobin due to nitrate exposure.

doi:10.1016/j.toxlet.2006.06.124
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Cytotoxic and apoptotic effects of fumonisin By,
beauvericin and ochratoxin A on porcine kidney PK-
15 cells
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Biochemistry, University of Zagreb, Zagreb, Croatia;
2 Department of Medical Biochemistry and Haematol-
0gy, Faculty of Pharmacy and Biochemistry, University
of Zagreb, Zagreb, Croatia; 3 Department of Pathology,
University Hospital Dubrava, Zagreb, Croatia

Fumonisin By (FB1), beauvericin (BEA) and ochratoxin
A (OTA) are widespread mycotoxins, which contaminate
food and feed, particularly maize. Their co-occurrence
was established in 6% (two toxins) and 2% (three toxins)
of maize samples in Croatia with average concentrations
0.62 mg/kg of FB1, 0.39 mg/kg of BEA and 0.02 mg/kg
of OTA. Fumonisin B; and OTA could be implicated in
development of various diseases in animals and humans,
including nephrotoxicosis and carcinogenesis. Cytotoxic
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and apoptotic activity of BEA was observed in few cell
lines including human B-lymphocytes, rodent colangio-
cytes and human cell lines of myeloid origin. However,
possible nephrotoxic effects of BEA have not been inves-
tigated yet. In this study, we explored cytotoxic (cell
viability) and apoptotic (index of apoptosis and acti-
vation of caspase-3) effects of FB;, BEA and OTA in
PK-15 cells (porcine kidney epithelial cells). Cells were
treated with lower concentrations of mycotoxins (0.05,
0.5 and 5 pg/mL) for 24 and 48 h. Decrease of cell viabil-
ity shows that FB1, BEA and OTA are cytotoxic to PK-15
cells in dose dependent manner. Cell viability was sig-
nificantly decreased after 24 h of exposure to 5 pg/mL of
FB; (25%), BEA (30%) and OTA (40%), as compared
to untreated control cells (P <0.05). On the other hand,
index of apoptosis was increased by 110-140% after
48h of exposure to individual mycotoxins (5 pg/mL),
as compared to control samples (P <0.05). OTA acti-
vated caspase-3 after 24 h of treatment with 0.5 pg/mL
(84%), while BEA (319%) and FB; (419%) signifi-
cantly affected this enzyme after prolonged exposure
(P <0.05). Combined treatment with two or three myco-
toxins (0.05 and 0.5 pg/mL) showed additive effects on
cell viability. Beauvericin and OTA (5 pg/mL) syner-
gistically increased apoptotic index after 24 h of treat-
ment. Synergistic effects on caspase-3 activities were
observed after 24h of exposure to BEA+OTA and
FB| + BEA + OTA (0.05 and 0.5 p.g/mL), as well as to
FB; + BEA and BEA + OTA (5 pg/mL). From the myco-
toxicological risk point of view, frequent maize contam-
ination by fungal species that produce FB; and BEA
(Fusarum spp.), as well as OTA (Aspergillus spp. and
Penicillium spp.), is one of the greatest concern. Co-
occurrence and accumulation of these mycotoxins in
grains and their synergistic action might be an impor-
tant trigger for development of chronic renal diseases,
especially after long-term exposure of consumers.

doi:10.1016/j.toxlet.2006.06.125

S13 Toxic Contaminants Generated from Heat-
Treatment of Food
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Chemical formation pathways of toxic contaminants
from heat-treatment of food

Bronislaw Wedzicha

University of Leeds, Procter Department of Food Sci-
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Acrylamide is a potentially toxic chemical which is
formed when plant foods are subjected to heat. There
is evidence to confirm that the population generally is
exposed to small but significant levels of acrylamide;
the way that it is metabolised in the body suggests that it
is probably a carcinogen in man. For this reason there has
been considerable interest in acrylamide since its discov-
ery in food. Whilst the highest levels are associated with
potato products, significant levels are observed in cereal
products and some has been detected in plant foods in
general.

The principal pathway for the formation of acry-
lamide in foods is by the reaction of asparagine with
intermediates in the Maillard reaction. Asparagine is
the predominant free amino acid in many plant-derived
foods, and the Maillard reaction is critical to colour and
flavour development in heat-treated foods. The chem-
ical mechanisms of these processes will be explained,
and it will be shown how reducing sugars (e.g., glucose,
fructose, maltose) and ascorbic acid, and amino acids,
react to form precursors of acrylamide. The possibility
that other ingredients may contribute to acrylamide yield
will also be explained critically.

The amount of acrylamide formed in food is under
kinetic control, i.e., the amount formed at the end of a
heating process depends on the rate of formation and
the length of the heating process. The kinetic approach
identifies the rate limiting steps in any process, and
examines how these steps depend on the reaction con-
ditions: pH, temperature, concentrations of reactants,
etc. The relationship between the kinetics of brown-
ing and acrylamide formation will be explained, and
methods whereby the kinetic approach can be used to
suggest ways of minimising acrylamide formation will
be discussed. The model itself consists of a number of
pathways which compete with acrylamide formation and
a process by which acrylamide is ‘lost’ either physically
or by reactions with food components.

Acrylamide is by no means the only substance which
has been implicated in this way. Heterocyclic amines
and polycyclic hydrocarbons are both well known heat-
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induced toxicants. Their mechanisms of formation will
also be explained. More recently, attention was drawn to
furan. The possibility that other (and as yet unknown)
thermally generated toxicants exist in food will be con-
sidered briefly. The discovery of acrylamide in food
required a specific chemical derivatisation procedure for
it to be detected. This discovery depended on a specific
association of ideas. Whilst the identification of acry-
lamide leads one to suggest a number of related chemi-
cals as candidates for investigation, the real interest lies
in other classes of compounds formed by as yet unknown
mechanisms. The increasing use of LC-MS and other
hyphenated techniques will increase our chances that
such new substances might be revealed in the future.

doi:10.1016/j.toxlet.2006.06.126
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Formation and biochemistry of genotoxic hetero-
cyclic aromatic amines in cooked meats

Robert J. Turesky
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Heterocyclic aromatic amines (HAAs) are potent geno-
toxicants that occur in grilled meats and tobacco smoke
condensate. The concentrations of HAAs in cooked
meats are dependent upon the type of meat, the tem-
perature, the duration of cooking and can range from
one up to 500 parts per billion. HAAs that contain the
N-methyl-2-aminoimidazole moiety form through the
reaction of pyridine or pyrazines, heat-catalyzed degra-
dation products of amino acids, with sugars and crea-
tine, a compound found in muscle-meats, to produce the
“IQ-type” compounds. Other HAAs, such as 2-amino-
9H-pyridole[2,3-b]indole, are derived directly from the
pyrolysis of proteins or amino acids heated at high tem-
perature.

Some HAAs are carcinogenic in rodents and non-
human primates and induce tumors at multiple sites that
include: the liver, stomach, lung, colorectum, prostate
and mammary glands. The bioactivation of HAAs occurs
by cytochrome P450-mediated N-oxidation of the exo-
cyclic amino group, followed by phase Il enzyme catal-
ysis to produce reactive esters of the N-hydroxy-HAAs,
which can covalently adduct to DNA and can lead to
mutations. The human P450s preferentially catalyze N-
oxidation (bioactivation) of HAAs, while rodent P450s
are more efficient in detoxication of HAAs through oxi-
dation of the heterocyclic ring systems.

Several epidemiological studies have linked frequent
consumption of red meats with increased risk of develop-
ing colorectal and breast cancer, and the highest risk has
been observed for individuals who frequently eat meat
grilled well-done. Moreover, a higher incidence for colon
cancer has been reported in individuals who possess both
rapid N-acetyltransferase and P450 1A2 N-oxidizer phe-
notypes; these phenotypes are associated with enzymes
that bioactivate HAAs. The large-interindividual varia-
tion in phase I and II enzymes involved in bioactivation
and detoxication of HA As suggest that health risks asso-
ciated with dietary exposure to HAAs may greatly vary
amongst individuals.

Recent advances in mass spectrometry (MS) tech-
niques have allowed us to discover six novel HAAs
in grilled meats and urine of meat-eaters and demon-
strate that the exposure to HAAs is higher than cur-
rently accepted estimates. The employment of sensitive
MS techniques for the measurement of biomarkers of
HAAs, such as urinary metabolites, DNA and protein
adducts, may aid to clarify the role of HAAs as a critical
dietary factor in the initiation of several common forms
of human cancer.

doi:10.1016/j.toxlet.2006.06.127
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Mechanisms of action of carcinogenic heterocyclic
amines

Nigel J. Gooderham, Sandra N. Lauber, Stuart K.
Creton, Huijun Zhu

Molecular Toxicology Group, Division of Biomedical
Sciences, Imperial College London, London SW7 2AZ,
UK

It has been known for quite some time that there is
a strong association between diet and the aetiology of
human cancer, particularly cancer of the colon, breast
and prostate. The contribution that diet makes to can-
cer has been estimated to be as high as 45%, thus
attempts to identify causal diet-borne agents has been
an area of high activity. In the early eighties a family
of chemicals, the heterocyclic amines, were found to
be generated when meat was cooked, and their extreme
mutagenicity in short-term assays prompted speculation
of their role as human carcinogens. Since then numerous
experimental and epidemiology studies have examined
the relationship between diet, meat, heterocyclic amines
and the incidence of cancer. The studies confirm that
consumption of meat correlates with tumour formation,
particularly cancers of the colon, breast and prostate,
and a number of these studies directly implicate the
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heterocyclic amines. Furthermore, every cooked-meat
heterocyclic amine examined thus far has been shown to
induce tumours in laboratory animals. One such hetero-
cyclic amine, 2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine (PhIP), is a complete carcinogen that induces
tumours of the colon, breast and prostate in the rat. Hete-
rocyclic amines like PhIP are readily absorbed after con-
sumption of cooked meat, and extensively metabolized.
Humans efficiently activate the heterocyclic amines to
their genotoxic N-hydroxy derivatives, which are then
metabolically detoxified and excreted. Each of these
steps, from exposure to excretion varies from individual
to individual and thus may contribute to susceptibility
to cancer if the heterocyclic amines are causal agents.
With a good understanding of these events, clinical trials
and case control studies have attempted to evaluate the
potential contribution of heterocyclic amines to human
tumour incidence. For human colorectal cancer, studies
that have examined exposure support a role for the hete-
rocyclic amines yet studies that have used a pharmacoge-
netic approach do not. These confounding results imply
that the case for the heterocyclic amines being causally
linked to human colonic cancer is equivocal. However,
recent studies that have examined the molecular and
cellular toxicology of the most abundant cooked-food
heterocyclic amine, PhIP, have demonstrated powerful
biological activities at very low exposure levels (sub-
nM). These latter properties are hormone-like and offer
a mechanistic explanation for the unique tissue-specific
toxicity of this heterocyclic amine.

doi:10.1016/j.toxlet.2006.06.128

121
Effect of acrylamide and glycidamide on intestinal
tumourigenesis in Min mice

Hege B. @lstgrn, Jan Erik Paulsen, Jan Alexander

Department of Food Toxicology, Norwegian Institute of
Public Health, Oslo, Norway

Acrylamide (AA), which is metabolised to the geno-
toxic metabolite glycidamide (GA) was some years ago
also found in small amounts in heat treated carbohydrate
rich foods. In this study, we used the Min mouse, which
has shown to be particularly sensitive to intestinal car-
cinogenesis early in life. The Min mouse is a murine
model of familial adenomatosis coli and has a germ line
truncation mutation in one Apc allele. Tumourigenesis
is believed to start upon inactivation of the remaining
wt Apc allele, either by loss of heterozygosity or muta-
tion. Because about 80% of sporadic colorectal cancers
show mutations in APC, this model is also relevant for

these cancers. The Min mice were exposed by s.c. injec-
tion to 50mg/kg bw of AA or GA either via the dam
once during the last week of pregnancy, or twice during
the first two neonatal weeks or both. The number, size
and location of the lesions were scored 8 or 12 weeks
after birth. GA given postnatally increased the number of
small intestinal tumours 1.3-fold and flat dysplastic aber-
rant crypt foci (ACF) in the colon were increased 1.5-fold
and classical ACF 4.8-fold. Combined pre- and postna-
tal exposure to GA in particular increased the number of
flat dysplastic ACF and tumours of the large intestine.
AA did not increase the tumour number in any of the
exposures, but significantly increased the number of flat
dysplastic ACF of the colon, indicating a tumour initiat-
ing potential.

doi:10.1016/j.toxlet.2006.06.129
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Heterologous and transgenic models for studying
genotoxic effects of contaminants produced by heat-
treatment of food

Hansruedi Glatt, Yasmin Sommer, Gisela Dobbernack,
Walter Meinl

German Institute of Human Nutrition, Potsdam-
Rehbruecke, Germany

Genotoxicants formed by heat-treatment of foods usu-
ally require metabolic activation to exert their effects. In
collaboration with various partners we have expressed
nearly 100 human and rodent xenobiotic-metabolizing
enzymes and transmembrane transporters in bacterial
and/or mammalian target cells of in vitro test systems. In
this lecture, we shall present findings on heterocyclic aro-
matic amines (HA) and furfuryl alcohols (FA). The acti-
vation of HA usually involves two steps. The first step,
the hydroxylation of the exocyclic amino group, is uni-
form; it is often followed by a conjugation reaction—this
second activation step can strongly differ between dif-
ferent HA and, to a lesser extent, between various
species. The most common activating phase-II enzymes
are sulphotransferases (SULT1A1 and 1A2 in humans,
Sultlcl in rats and Sultldl in mice) and acetyltrans-
ferases (NAT2 in humans and Nat1 in rats). Specificities
are very high at low concentrations of HA and N-OH-
HA (fM to nM—relevant for human exposures), whereas
enzymes are more promiscuous at high concentrations
(wM—as used in many animal experiments and bio-
chemical studies conducted in vitro). FA are present in
foods at 10,000 higher levels than HA. They are activated
by SULT to mutagens. Sulpho conjugates of different FA
enormously differ in their half-life times and their ability
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to penetrate biological membranes. Likewise, enzymes
involved in their formation show pronounced species-
dependent differences. Recently we have constructed
mouse models expressing various human SULT with
human-like tissue distribution to obtain more insight into
the bioactivation of some HA and FA. Initial results will
be presented.

This work was financially supported by the Euro-
pean Union (QLK1-CT99-01197 and FOOD-CT-2003-
506820) and BMBF (BIO/0313028A).

doi:10.1016/j.tox1et.2006.06.130
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Ethanol single dose provoked acetaldehyde accumu-
lation and oxidative stress potential in rat mammary
tissue

A consequence of a limited breast ability for detoxi-
cation of alcohol

Gerardo Daniel Castro, Aurora M. Delgado de Layio,
SilviaL. Fanelli, Maria E. Maciel, MariaI. Diaz GOmez,
José A. Castro

Centro de Investigaciones Toxicolégicas (CEITOX),
CITEFA-CONICET, Buenos Aires, Argentina

In previous studies from our laboratory the presence
of several pathways of metabolic activation of ethanol
to acetaldehyde and hydroxyl free radicals as well as
the promotion of oxidative stress were reported. Other
laboratories also reported the presence of type I alco-
hol dehydrogenase and of CYP2E1 and a limited pres-
ence of aldehyde dehydrogenase. In the present stud-
ies, we tested the possibility that after a single dose
of alcohol, acetaldehyde accumulated in mammary tis-
sue to reach concentrations higher than in blood. Three
different doses of alcohol were tested and acetalde-
hyde concentrations in breast, liver and blood were
measured at times ranging from 1 to 24h. We also
determined alcohol dehydrogenase; aldehyde dehydro-
genase and p-nitrophenol hydroxylase activities. Oxida-
tive stress induced hydroperoxyde formation studies, as
determined the xylenol orange procedure are in course
for each dose at different times of exposure and at
present led to positive results at some times for the
highest dose tested. The obtained results showed that
acetaldehyde concentrations at the three alcohol doses

tested (low, medium and high) were always higher than
in blood. Peak concentrations of acetaldehyde in liver,
while higher than those in breast, appeared to decrease
to blood levels following a similar time sequence. Lim-
ited activities of alcohol dehydrogenase and aldehyde
dehydrogenase in mammary tissue were observed. The
microsomal CYP2E1-mediated p-nitrophenol hydroxy-
lase in mammary tissue was several times smaller than
in liver.

In summary, results suggest that the mutagen
acetaldehyde, either formed in situ or, even in small
amounts, continuously arriving via blood, tends to accu-
mulate in mammary tissue as a consequence of a limited
capacity of it for detoxication. During the period of alco-
hol exposure, the GSH levels in mammary tissue were
not decreased.

Supported by grants from ANPCyT-SECyT (PICT 05-
6045) and from UNSAM (PIB S05/03).

doi:10.1016/j.toxlet.2006.06.131
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Potentiation acetaminophen hepatotoxicity in rats
treated with ethanol and under alcoholism

Alla K. Voronina, Valentina Kovalenko, Ganna

Shayakhmetova, Irina Blazchuk
Institute of Pharmacology and Toxicology, Kyiv, Ukraine

Acetaminophen is widely used as an analgesic and
antipyretic agent, and it is assumed to be safe when taken
in recommended doses. However, in isolated cases in
which alcohol has presumably played a synergistic role
with acetaminophen in production liver toxicity after
ingested drug for therapeutic reasons. It is known that
P-4502E1 metabolizes acetaminophen, and that it can
be induced after by inducers such as ethanol. The pur-
pose of this study was to clarity the effects of ethanol
ingestion and chronic ethanol consumption on the hepa-
totoxicity of acetaminophen. Preliminary studies in mice
support the concept that acetaminophen hepatotoxic-
ity may be enhanced by ethanol ingestion. A signif-
icant reduction in the LDsqn was seen in the alcohol-
treated mice. The influence of alcohol on the hepato-
toxicity of acetaminophen was studied in male albino
rats. Rats were treated acetaminophen with ethanol
and under alcoholism by intragastric administration.
In treated ethanol rats (3.2mg/kg b.w.), the activi-
ties of aniline-N-hydroxylase (a marker of cytochrome
P-450 2El activity) in liver microsomes significant
increased after acetaminophen (dose—400 mg/kg b.w.)
administration compared with control animals. Among
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these glutathione and protein SH-groups contents as
well as liver glutathione reductase and catalase activ-
ity were decreased. The rate of induced malonodi-
aldehyde (MDA) formation, hydroperoxides and super
oxide anion contents were increased in comparison to
the control. Alanine aminotransferase (AIAT) activity
elevated in blood serum of 1.7-fold the upper limit
of normal. After chronic ethanol consumption feed-
ing for 6 months, aniline-N-hydroxylase, glutathione
reductase, AIAT activities and MDA formation was
increased significantly, whereas content of glutathione
were decreased compared with control. After paral-
lel administration of acetaminophen (dose—500 mg/kg
b.w.) the activities of aniline-N-hydroxylase followed
up 65% and the serum ALAT activities increased of
5.6-fold. In acetaminophen-treated animals, ethanol-fed
rats showed a significant decreased hepatic glutathione
levels. Our results suggest that ethanol may be an addi-
tional risk factor for developing acetaminophen hep-
atotoxicity. The observation that acetaminophen and
alcohol intensify the induction of CYP2EI in a syner-
gistic manner may help to understand and to prevent
an additional risk factor for developing acetaminophen
hepatotoxicity.

doi:10.1016/j.toxlet.2006.06.132
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Rat liver microsomal monooxygenase system after
ethanol and ethylene glycol administration

Kowalowka-Zawieja 2
Plewka!, Grazyna

Andrzej Plewka!, Joanna
Jedrzej Przystanowicz 2, Danuta

Nowaczyk-Dura !, Barbara Zielinska-Psuja?, Jerzy
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! Medical University of Silesia, Katowice, Poland;
2 Poznan University of Medical Sciences, Poznan,
Poland

Ethylene glycol (EG) is a popular component of
antifreeze coolants, windscreen cleaners and de-icers
used in automotive industry. Ingestion of EG solutions
results in conversion of relatively non-toxic glycol into
highly toxic metabolites. Ethanol (EtOH) administered
i.v. restricts first step of EG biotransformation by com-
petitive inhibition of alcohol dehydrogenase. This is a
key enzyme in metabolic route of both xenobiotics, a
smaller amount of them is transformed by microsomal
monooxygenase system.

We evaluated the effect of separate and simultaneous
per os administration of ethylene glycol (3830 mg/kg
b.w.) and ethanol (1000 mg/kg b.w.) on CYP450 and

cytochrome bs concentrations and activities of their
reductases in rat liver. Tests were performed 8, 12, 18,
24, 36 and 48 h after exposure.

In rats exposed to EtOH amount of microsomal pro-
tein was elevated to 115% of control after 8 h and 150%
at the end of experiment. EG administration, single or
simultaneous with EtOH, resulted in substantial decrease
of protein amount in period 24-48h to 85% and 80%,
respectively.

A continuing decrease to 66% of control in CYP450
concentrations in EG group was measured in 24-48 h
period. EtOH elevated CYP450 concentration to 110%
and 145% of control after § and 48 h, respectively. Expo-
sure to both xenobiotics resulted in decrease of concen-
tration to 70—-80% in whole time of experiment.

Activity of CYP450 reductase increased to 125% and
150% after 48 h in EG and EG with EtOH group, respec-
tively. After EtOH administration the activity decreased
to 70% after 18 h, to reach 90% of control after 48 h.

Cytochrome bs concentrations after EG administra-
tion were 90-65% of control in 18—48 h without effect on
cytochrome bs reductase. Similar results were obtained
after EtOH administration (80-70% of concentration in
control group). Simultaneous exposure to both alcohols
resulted in decrease of cytochrome bs concentration and
its reductase activity (80% after 8 h and 60% after 36 h).

doi:10.1016/j.toxlet.2006.06.133
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The effect of ethanol and ethylene glycol administra-
tion on CYP450 and cytochrome bs concentrations
and their reductases activities in rat kidney
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2 Poznan University of Medical Sciences, Poznan,
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Ethylene glycol (EG) is extensively metabolised into
acid and aldehyde compounds what results in direct renal
failure. Ethanol is commonly used in acute EG poison-
ings to prevent toxic metabolite formation.

The aim of the study was to assess the influence of
ethylene glycol and ethanol on microsomal monooxyge-
nase system in kidney.

Male Wistar rats were exposed separately or
simultaneously per os to EG (3830 mg/kg b.w.) and
ethanol (1000mg/kg b.w.). Cytochrome P450 and
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cytochrome bs concentrations and activities of NADPH-
cytochrome P450 and NADH-cytochrome bs reduc-
tases were measured in microsomal fraction of kidney
homogenates 8, 12, 18, 24, 36 and 48 h after xenobiotics
administration.

The amount of microsomal protein in kidneys
remained unchanged after ethanol administration and
decreased to 80% of control in EG and EG with ethanol
groups. Exposure to EG resulted in decrease in CYP450
concentration to 88% and 62% after 8 and 48 h, respec-
tively. A transitory elevation of concentration after 24 h
in ethanol group was observed. Decrease to 80-70% of
control in 12-48 h was measured after exposure to both
xenobiotics.

Ethanol administration increased activity of CYP450
reductase to 130% of control in the 2448 h period. In
groups exposed to ethylene glycol CYP450 reductase
activity decreased to 60% and 70% of control after single
and simultaneous with ethanol administration, respec-
tively.

Cytochrome bs concentration and activity of its
reductase were decreased to 75-90% in all examined
groups.

doi:10.1016/j.toxlet.2006.06.134
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Role of serum albumins in the detoxication of the
carbamate carbaryl

Miguel A. Sogorb, Carlos AlvareZ-Escalante, Victoria
Carrera, Eugenio Vilanova

Universidad Miguel Herndndez, Elche, Alicante, Spain

The carbaryl hydrolyzing activity (carbarylase) asso-
ciated to bovine serum albumin (BSA) was studied
at toxicologically relevant concentrations (15-300 wM).
The 1-naphthol released during the hydrolysis of car-
baryl was monitored using gas chromatography coupled
to mass spectrometry. BSA (1-7.5 mg/mL) hydrolyzed
carbaryl in a time-progressive way. Carbarylase was
also dependent of enzyme and substrate concentration.
The estimated turnover number and Michaelis—Menten
constant were 1.6 x 107*s~! and 430 uM, respec-
tively. Therefore, the second order rate constant was
0.37M~!'s~!1. At BSA concentrations of 7.5mg/mL
and substrate concentrations ranging between 50 and
300 uM about 80% of substrate was hydrolyzed in
3h of incubation at 37°C. At lower substrate concen-
trations (15 and 30 wM carbaryl) also significant car-
barylase is detected at the highest BSA concentration
(7.5 mg/mL), even when these substrate concentrations
were 30 and 15 times lower than Michaelis—Menten

constant. Although the efficacy of the carbarylase
associated to BSA is low, the extrapolation of our
results to physiological albumin concentrations (around
40 mg/mL) suggests that the hydrolysis of carbaryl by
serum albumins plays a critical role in the detoxica-
tion of this carbamate at in vivo toxicologically relevant
concentrations.

doi:10.1016/j.toxlet.2006.06.135
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Interactions of TNF-alpha and AhR ligands it rat
liver epithelial ‘stem-like’ cells

Lenka Umannova!, Miroslav Machala?, Pavel
Krcmar?, Jan Vondracek !, Alois Kozubik !

UInstitute of Biophysics, 612 65 Brno, Czech Repub-
lic 2 Veterinary Research Institute, 62132 Brno, Czech
Republic 3 Faculty of Science, Masaryk University,
Brno, Czech Republic

TNF-alpha is a pleiotropic pro-inflammatory cytokine
produced in liver mainly by activated macrophages, such
as Kupffer cells. This cytokine is involved in regula-
tion of the immune system as well as in maintenance
of homeostasis. Among other effects, pro-inflammatory
cytokines, such as TNF-alpha can influence expres-
sion of cytochrome P-450 (CYP) monooxygenases,
which play an important role in xenobiotic metabolisms.
The gene expression of CYP1A and CYP1B1, major
enzymes of metabolic activation of many promutagens,
including polycyclic aromatic hydrocarbons, is con-
trolled by aryl hydrocarbon receptor (AhR).

We studied the effects of interaction of TNF-alpha
and AhR ligands, such as 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD), on cell proliferation, cell cycle
regulation and expression of CYP1Al and CYPI1BI
enzymes in model of rat liver progenitor cells—WB-
F344 cell line. Our results indicate that TNF-alpha may
cause a temporary down-regulation of the expression
of CYP1A1, which could be due to mutual inhibitory
interactions between the AhR and NF-kB, which is
activated by TNF-alpha. In contrast, the expression
of CYPIBI was enhanced by TNF-alpha. We also
found that TNF-alpha significantly potentiated disrup-
tion of contact inhibition induced by TCDD in WB-F344
cells.

Taken together, our results indicate that inflammatory
cytokine may significantly modulate effects of a potent
liver tumor promoter TCDD, suggesting that AhR lig-
ands may be even more effective under inflammatory
conditions, which are encountered during various liver
disease states.
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Three-dimensional quantitative structure-activity
relationship (3D-QSAR) analysis of CYP2B6 enzyme

Hannu Raunio!, Laura Korhonen!, Miia Turpeinenz,

Minna Rahnasto !, Carsten Wittekindt!, Antti Poso!,
Risto Juvonen !

Y University of Kuopio Kuopio; * University of Oulu,
Finland

The human cytochrome P450 2B6 (CYP2B6)
enzyme metabolises numerous compounds, including
some widely used pharmaceuticals (e.g. bupropion,
cyclophosphamide, propofol) and several toxic agents.
The aims of this study were to generate a 3D-QSAR
model of the CYP2B6 enzyme and to find novel
potent and selective inhibitors of CYP2B6 for in vitro
studies.

Twenty-five compounds were first analyzed for inhi-
bition potency. Based on this series of compounds, an
initial Comparative Molecular Field Analysis (CoMFA)
model was created. Based on this COMFA model and
structures of known potent CYP2B6 inhibitors we fur-
ther selected and tested 16 new pyridine and pheny-
lalanine derivatives. The human CYP selectivity of the
three most potent inhibitors was tested. To obtain a
more precise picture of the key molecular character-
istics of CYP2B6 inhibitors, we carried out a second
CoMFA analysis with all 41 compounds. The predic-
tion power of this CoMFA model was evaluated by
estimating pICso values for an external test set of
compounds.

Lower than 1 pM ICsg values were obtained with
4-(4-chlorobenzyl)pyridine, 4-benzylpyridine and 4-(4-
nitrobenzyl)pyridine (<1 wM). They were found to be
also very selective inhibitors towards CYP2B6, espe-
cially 4-(4-chlorobenzyl)pyridine as the ICsy values
against other human CYP enzymes were higher than
100-fold. The created CoMFA model was of high quality
with the following statistical values with two compo-
nents: g2 =0.71, Spress =0.64, r> =0.85. The sterically
favored area was located around substitution at carbon
4 of the benzyl ring of benzylpyridine in the CoMFA
model. A broad partial negative charge near to a nitrogen
atom and around benzyl tends to increase the inhibition
potency. The model predicted accurately the ICsq values
of a series of test compounds.

The CoMFA model yielded novel structural infor-
mation about the CYP2B6 enzyme. The developed
model accurately predicted the inhibition potencies of
several structurally unrelated compounds. In addition,
novel potent and selective inhibitors of CYP2B6 were
found.

doi:10.1016/j.tox1et.2006.06.137
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Expression of xenobiotic-metabolizing cytochrome
P450 (CYP) enzymes in human CD34* bone marrow
stem cells

Ulrike Bernauer ', Henk Garritsenz, Ursula Gundert-
Remy !

! Federal Institute for Risk Assessment Berlin;
2 Staedtisches Klinikum Braunschweig, Dept of Trans-
fusion Medicine, Braunschweig, Germany

Background: The bone marrow represents an important
target tissue for the toxic and haematopoietic effects
of chemicals and pharmaceuticals (e.g. benzene, dap-
sone). CYP enzymes are involved in the metabolism
of these compounds. Local metabolism within the tar-
get tissue may play a role in the haematotoxic effects
of xenobiotics, especially in cases where it seems to
be unlikely that metabolites generated in the liver will
survive carriage into the bone marrow. Therefore, it
was our aim to investigate the possibility of CYP-
dependent xenobiotic metabolism in the human bone
marrow. CD34" bone marrow stem cells are thought to
be the target cells for the toxic effects of some chemicals
and therapeutic agents. We investigated the expression
pattern of xenobiotic-metabolizing CYP enzymes in a
panel of CD347 cells samples from different individual
donors.

Methods: Human CD34% bone marrow stem cells
from 42 donors were obtained after immunomagnetic
separation from leukapheresed blood samples after
informed consent of the donors. Total cell protein
was separated by SDS-polyacrylamide gel electrophore-
sis and probed with commercially available antibodies
specific for the following CYP enzymes: CYP1A1/2,
CYP1BI1, CYP2A6, CYP2B6, CYP2C10, CYP2D6,
CYP2E1 and CYP3A4/5/7.

Results: Bands indicative for CYP3A5, CYP2EL,
CYP1A2and CYP2C9 CYP1A2 were presentin all sam-
ples investigated pointing to their constitutive expres-
sion in human CD34* stem cells. Expressions of CYP
1A1, CYP2CS8, CYP2C19 and CYPI1B1 proteins were
below detectable levels. There was also evidence for low
expression levels of CYP2A6, CYP2B6 and CYP2D6. It
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can be deduced, that human CD34% bone marrow stem
cells possess the ability to locally metabolize foreign
compounds.

doi:10.1016/j.toxlet.2006.06.138
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Changes in brain and liver cytochrome P450 after
multiple cocaine administration, alone and in combi-
nation with calcium channel blocker

V. Vitcheva, M. Mitcheva

Laboratory of Drug Metabolism and Drug Toxicity,
Department of Pharmacology and Toxicology, Faculty
of Pharmacy, Medical University, Sofia, Bulgaria

The objective of the following study is to trace the possi-
ble changes, caused by multiple cocaine administration,
in cytochrome P450 quantity, both on brain and hep-
atic level. Cocaine is extensively metabolized, primarily
in the liver, and one of the metabolic pathways is N-
demethylation to norcocaine, a process catalyzed by
CYP3AA4. Since there are literature data about use of
calcium channel blockers in maintaining different types
of drug dependence and withdrawal, it was interesting to
trace the possible metabolic interactions of cocaine and
1,4-dihydropiridine calcium channel blocker Nifedipine
for which is known to be a substrate of CYP 3A4.

For the experiment, male Wistar rats were used. The
animals were divided in four groups: control; treated
with nifedipine (10 mg/kg i.p., once daily, for 5 days);
treated with cocaine (15 mg/kg once daily, for 5 days);
treated with nifedipine (10 mg/kg i.p.) and half an hour
later, with cocaine (15mg/kg i.p). Total quantity of
cytochrome P450 was measured spectrometrically in
brain and liver microsomes. Multiple administration of
cocaine, alone and in combination with nifedipine, did
not change the brain cyt P450 significantly. On the hep-
atic level, nifedipine, compared to the control group,
increased P450 quantity, statistically significant by 28%.
Cocaine decreased P450 level by 17%, statistically sig-
nificant, versus control. In the combination group, cyt
P450 quantity was increased statistically significant by
13%, compared to the control and by 35%, compared to
the pure cocaine group.

According to the results of this study we suggest inter-
actions of the studied compounds on the metabolic level.

doi:10.1016/j.toxlet.2006.06.139
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Alterations of hepatic xenobiotic metabolizing
enzyme activities in combined selenium plus iodine-
deficient rats by fenvalerate exposure

P. Erkekoglu, A. Caglayan, B. Giray, F. Hincal

Hacettepe University, Faculty of Pharmacy, Department
of Toxicology, Ankara, Turkey

This study was undertaken to investigate the effects of
fenvalerate (FV), a pyrethroid insecticide, on hepatic
xenobiotic metabolizing enzyme activities in combined
selenium and iodine-deficient rats. Three-week-old rats
were used in all experiments. The animals were divided
into four groups and feeding period was 7 weeks. (i)
Control group was fed with regular diet and drink-
ing water. (ii) FV group (CF) was fed with regular
diet and drinking water, and during the last week of
feeding period the rats received 100 mg/kg/day, i.p.,
FV. (iii) Selenium plus iodine-deficient group (ISeD)
received both Se-deficient diet and 1% sodium per-
chlorate containing drinking water. (iv) Selenium plus
iodine-deficient group exposed to FV (ISeD-F) was
fed selenium-deficient diet and iodine deficiency was
introduced by 1% sodium perchlorate-containing drink-
ing water and received 100 mg/kg/day, i.p., FV during
the last week of feeding period. Microsomal aniline
hydroxylase (CYP2E1), EROD (CYP1A1/1A2), PROD
(CYP2B1/2B2), P450R and cytosolic GST activities
were determined in hepatic tissue. In combined defi-
ciency, all enzyme activities examined were found to be
decreased compared to control group, but the decrease
in CYP 2E1 activity was not statistically significant. FV
exposure of normal rats caused significant elevations of
EROD (180%), PROD (100%) and GST (12%) activi-
ties. In ISeD-F rats, activities of P450R (173%), EROD
(226%), PROD (140%) and GST (457%) increased sig-
nificantly compared to ISeD group, however CYP2E1
did not change. These results showed that hepatic xeno-
biotic metabolizing enzyme activities of rats are signif-
icantly affected by combined iodine plus selenium defi-
ciency, and the inductive effect of fenvalerate exposure
might change the metabolism of concominantly exposed
xenobiotics—including drugs, as well as endogenous
substrates in both normal and deficiency states.

doi:10.1016/j.tox1et.2006.06.140
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Nifurtimox induced ultrastructural and biochemical
alterations in rat heart

Their potential relevance in the treatment of Chagas’
disease

Laura C. Bartel, Maria Montalto de Mecca, Carmen
Rodriguez de Castro, Silvia L. Fanelli, Edith G. Diaz,
José Alberto Castro

CITEFA-CONICET, Centro de Investigaciones Toxi-
cologicas (CEITOX), Argentina

Chagas’ disease is an endemic parasitic disease in some
areas of Latin America. About 16—18 million people suf-
fer this sickness and more than 100 million are living at
risk of getting the infection. Life threatening myocardi-
tis can occur during the acute phase of the disease.
About 20-25% of the surviving patients of the acute
phase develop the chronic phase, which is characterized
by potential lethal cardiopathy. There are available two
drugs for the ethiological treatment of the disease, Nifur-
timox (Nfx) and Benznidazol (Bz). They are being used
in the acute phase and more recently they were used in
the asymptomatic intermediate phase. This is developed
after the acute and before the chronic phase and when
the deleterious effects of the disease in heart could be
already in course. Both nitroheterocyclic drugs have seri-
ous toxic side effects which compromised their use. The
mechanism of toxicity is associated with their nitrore-
duction and the generation of reactive metabolites. How-
ever, their potential effects on cardiac function are yet not
known. In this study, we describe initial experiments to
test the acute effects on rat heart. Male Sprague—Dawley
rats (18 weeks, 280-320 g bw) were treated intragastri-
cally with Nfx at a dose of 100 mg/kg bw suspended
in 1% carboxymethylcellulose. Control rats received the
same amount of the vehicle. We observed that the admin-
istered drug reached the heart tissue at 1, 3 and 6 h after
treatment. Studies on Nfx nitroreductase activity showed
that the microsomal fraction had the ability to nitrore-
duce Nfx. With respect to the biochemical effects due
to protein oxidation processes, we observed an increase
in protein carbonyl content of treated rats at 1 and 3 h
and a protein sulfhydryl decreasing content was observ-
able only at 3 h after treatment, being undetectable at
1 and 6h. No increases in the t-buthyl hydroperoxide
induced chemiluminiscence were observed at 1, 3, 6
and 24 h after Nfx administration. However, at 24 h after
treatment ultrastructural alterations were observable in
the heart. They consisted in a marked vacuolization
of the cytoplasm, the separation and loss of myofib-
rils and mitochondrial swelling too. Furthermore, most

cells showed clumping of the chromatin adjacent to
the nuclear membrane. Results suggest that Nfx admin-
istration might aggravate pre-existing adverse cardiac
conditions.

This work was supported by SECyT and by the Univer-
sity of San Martin, Argentina.

doi:10.1016/j.toxlet.2006.06.141
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Acute effects of hexanal, acetic acid and dioxane in
humans, examples of volatile chemicals studied in our
exposure chamber

L. Ernstgﬁrdl, Anders Iregrenz, Birher Lindl, Bengt
Sjogren !, Gunnar Johanson !

! Work Environment Toxicology, Institute of Environmen-
tal Medicine, Karolinska Institutet, Stockholm, Sweden;
2 National Institute for Working Life, Stockholm, Sweden

Chemosensory irritation of the mucous membranes is
an important endpoint in the risk assessment of volatile
chemicals. Information on health hazards associated
with the handling of hexanal, acetic acid and 1,4-dioxane
is sparse. We have performed controlled short-term
chamber exposures with the intention to evaluate acute
health effects of these chemicals, with emphasis on irri-
tation.

In pilot studies, the subjects where exposed to step-
wise (10 min per level) increasing levels of each chemi-
cal vapour. A questionnaire with visual analogue scales
(VAS) was used for graded ratings of irritation and cen-
tral nervous system symptoms. Based on the ratings, the
subjects where exposed for 2 h at rest to vapours of hex-
anal (0, 2 and 10 ppm), acetic acid (0, 5 and 10 ppm) and
1,4-dioxane (0 and 20 ppm), respectively. In addition to
the VAS ratings, effects in the airways were assessed by
spirometry, nasal swelling was studied by both acoustic
rhinometry and nasal blocking index, blink frequency
was measured by electromyography and inflammatory
markers in plasma (C-reactive protein and interleukin-
6) were analysed.

Exposure to 20 ppm 1,4-dioxane did not significantly
affect any of the measured parameters. For hexanal,
ratings of discomfort in the eyes and nose, solvent
smell and headache increased significantly with expo-
sure level (2 and 10 ppm). Blinking frequency was sig-
nificantly increased at 10 ppm. Acetic acid caused sig-
nificantly increased ratings of nasal irritation and smell
at 5 and 10 ppm. No effects on pulmonary function,
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nasal swelling or on plasma inflammatory markers were
detected in any study.

In conclusion, minor effects were detected after expo-
sure to hexanal (10 ppm) and acetic acid (10 ppm). No
effects were detected for 1,4-dioxane at 20 ppm, the high-
est level tested.

The major advantages of this kind of experimental
design are that the volunteers are exposed under well-
controlled conditions, with respect to exposure level and
duration as well as temperature and humidity, and that
they serve as their own controls. This leads to less vari-
ability and, hence, increased statistical power to detect
adverse effects.

doi:10.1016/j.toxlet.2006.06.142

P2-02
Evaluation of oxidative stress and genotoxicity in
organophosphorus insecticide workers

Shahin Shadnia, Mohammad Abdollahi, Ebrahim Azizi
Loghman-Hakim Hospital, Tehran, Iran

The widespread use of pesticides in public health and
agricultural programmes has caused severe environ-
mental pollution and potential health hazards includ-
ing severe acute and chronic cases of human poison-
ings. Many dangerous effects of OPs in acute poison-
ing cases result from inhibition of blood cholinesterase
activity. It has been reported that OPs may induce
oxidative stress in humans and animals. Good evi-
dence supports the hypothesis that oxidative stress
may be involved in pesticide-induced cell injury. On
the other hand, some epidemiological studies have
shown the association between chronic exposure to
pesticides and recorded cases of human malignancy.
Exposure to known genotoxic compounds could induce
DNA damage not only directly but also through other
mechanisms, such as oxidative stress or inflammatory
processes.

The aim of this study was to evaluate genotoxicity and
oxidative stress in workers who formulate organophos-
phorus (OP) pesticides. In this survey, blood leukocytes
and erythrocytes of a group of 21 pesticide formulating
workers and an equal number of control subjects were
examined for genotoxicity and oxidative stress parame-
ters. The mean comet tail length and mean comet length
were used to measure DNA damage. Lipid peroxida-
tion level, catalase, superoxide dismutase (SOD) and
glutathione peroxidase activities in erythrocytes were
analysed as biomarkers of oxidative stress. In addi-
tion, the acetylcholinesterase activity was measured as a
biomarker of toxicity. The average duration of employ-

ment of workers in the factory was 97 months. Results
indicated that chronic exposure (multiple-dose, greater
than or equal to 6 months duration) to OP pesticides
was associated with significant increase in activities
of catalase (32.93 +2.35 versus 15.96+1.81), SOD
(84.14 £ 6.80 versus 40.13 £ 3.82) and glutathione per-
oxidase (29.30 £ 1.70 versus 24.94 4 0.80) in erythro-
cytes of workers in comparison to controls. The level of
lipid peroxidation (83.854/9.10 versus 79.92 +3.73)
and acetylcholinesterase activity (7.969 4 0.26 versus
8.39+£0.33) did not show any significant differences
between the two groups. The results also indicated that
chronic exposure to OP pesticides was associated with
increased DNA damage. Comet tail length (13.87 £ 0.44
versus 5.57 £+ 0.28) and comet length (33.62 4 0.57 ver-
sus 24.83 &+ 0.37) was increased significantly in workers
to controls. It is concluded that human chronic exposure
to OP pesticides may result in stimulated antioxidant
enzymes and increased DNA damage in the absence
of depressed acetylcholinesterase levels. Routine geno-
toxicity monitoring concomitant to acetylcholinesterase
activity in workers occupationally exposed to OP insec-
ticides is suggested.

doi:10.1016/j.toxlet.2006.06.143
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The latent effects of leaves plant extracts on the adults
of Galleria mellonella L. (Lepidoptera: Galleriidae)

M.S. Khalil', M.A.  Taha?, E.E.
Abd_Elwhab 2

Seliem?, A.A.

U Faculty of Science, Menofeya University, Egypt;
2 Faculty of Science (for girls), Al-Azhar University,
Egypt

The treatment of larvae of Galleria mellonella L. (Lep-
idoptera: Galleriidae) by fresh and dry ethanolic plant
leaves extracts of Melia azedarach (Melliaceae), Venca
rosea (Apocynaceae), Allium sativum (Liliaceae) and
Calcasia antiqurum (Araceae) cause significant hazard
effects by reduction of adult longevity and prolonga-
tion of its life spans through retardation of development
of immature stages. It was comparable for all tested
plant, except that of A. sativum which was more effec-
tive than them. The reductions in female’s longevity lead
to reductions in fecundities by decreasing the periods of
ovipositors. Whereas the reductions in males longevity
lead to reductions in chance of mating by reductions
in mating periods, and consequently reductions in fer-
tile eggs of females. These both reductions cause hazard
effects on this pest and considered as a good manner for
control this insect.
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The life span of this pest increased by increasing
of concentrations of both fresh and dry leaves extracts.
These increasing were independent on sexes. And com-
parable for all tested plants, except extracts of M.
azedarach which cause more prolongation in its life span
than other plants, through its more potent for retardation
and delaying the developments of immature stages than
other plants. These results indicated that the ability of
using these extracts for control of this series pest in a
safety way for both honeybees and environment.

doi:10.1016/j.toxlet.2006.06.144

P2-04
Verification of tramadol abuse in patients on
methadone substitution therapy

Vesna Horvat, Sanja Mandic, Dario Mandic, Ksenija
Bojanic, Neda Majetic-Cetina

Clinical Hospital Osijek, Osijek, Croatia

Methadone is a synthetic opioid, often used in the treat-
ment of narcotic addiction. The oral use of methadone
can suppress withdrawal symptoms, but in contrast to
heroin, does not give any euphoric effect. However, this
sensation can be induced by combination with alcohol,
benzodiazepines, tramadol, etc. Therefore, regular urine
testing should be carried out. We analyzed urines of 25
patients on methadone therapy with 3 methods: enzyme
multiplied immunoassay (EMIT), thin layer chromatog-
raphy (TLC) and gas chromatography mass spectrome-
try (GC-MS). We assessed the efficacy of these meth-
ods in verification of tramadol abuse in patients on
methadone substitution therapy.

doi:10.1016/j.toxlet.2006.06.145

P2-05
Body-packers: Report of a case and mini review of
the literature

Mohammad-Reza Faiaz-Noori, Shahin
Abdolkarim Pajoumand

Shadnia,

Loghman-Hakim Hospital Poison Center, Faculty of
Medicine, and Medical Toxicology Research Cen-
ter; Shaheed-Beheshti University of Medical Sciences
(SBUMS), Kamali Avenue, South Karegar Street, Tehran
13334, Shebeen El-Koom, Iran

Body-packers are people who illegally carry drugs,
mostly cocaine, and opium and/or heroin, concealed
within their bodies. The packets can be made of vari-
ous materials, but most often are condoms, which are
easily available on the market. The packets are inserted

in the mouth, rectum or vagina in order to get across
borders without being detected.

In this presentation, we report a case of opium body-
packer and review the available scientific literature by
focusing in treatment approach.

The patient was a 35-year-old Afghanian man who
was found unconscious by emergency personnel. The
patient had lethargy, respiratory rate: 8 min~!, pulse rate:
120 beat/min, blood pressure: 80/50 mmHg, axillary’s
temperature: 38.5 °C and pinpoint pupils. The remain-
der of the examination was unremarkable. Because the
individual was alone and unresponsive, no past medical
history was obtained and the only positive history was
his travel from Afghanistan 2 days earlier that he gave
to emergency personnel before arriving at our hospital.

The hemoglobin, platelets, leukocyte count, blood
sugar, serum electrolytes, and serum creatinine, were
within normal range. Liver function test and coagulation
profile were normal. In the emergency department the
patient was treated with oxygen, naloxone and hyper-
tonic glucose. One dose of activated charcoal (1 g/kg)
was administered orally. After intravenous injection of
naloxone (4 mg) the lethargy, respiratory depression and
miosis resolved. The patient was admitted to the inten-
sive care unit and 90 min after admission the patient
redeveloped respiratory distress and lost consciousness,
for which he was intubated and mechanically ventilated,
due to our suspicious of body packing.

Plain abdominal X-ray showed multiple packets
throughout the gastro-intestinal (GI) tract. Eighty-one
packets were removed by surgery and three of them were
leaking.

After removing the packets, the patient was treated
conservatively. He suffered a pulmonary infection (aspi-
ration pneumonia) and he regained his consciousness
after 4 days. Upon recovery the patient was seen by a
psychiatrist and later on he was taken to the prison.

Body-packers who present with opioid poisoning can
usually be treated conservatively with infusion of an
opioid antagonist. Prompt surgical intervention is only
indicated for bowel obstruction, perforation, esophageal
obstruction, and perforation, but our experience has
shown that there is a high mortality rate after packet
leakage or rupture and we now recommend surgery for
patients who have significant signs or symptoms of tox-
icity. If the patient admitted in intensive care unit, where
the patient can be intubated and ventilated, we prefer not
to administer naloxone.

doi:10.1016/j.toxlet.2006.06.146
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Comparing experimental designs for benchmark
dose calculations for continuous endpoints

Kristi Kuljus ! Dietrich von RosenZ2, Salomon Sand?,

Katarina Victorin3

U Uppsala University Uppsala, Sweden; > Swedish Uni-
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There are basically two statistical methods that are
used in risk assessment of non-genotoxic chemical com-
pounds: the no observed adverse effect level (NOAEL)
approach and the benchmark dose (BMD) method.
The BMD method is based on dose-response mod-
eling. To take uncertainty in the data and model fit-
ting into account, the lower confidence bound of the
BMD estimate can be used as a point of departure in
health risk assessments. Mathematical modeling of the
dose-response data may be difficult when toxicological
studies are performed with a limited number of dose lev-
els. The main aim of the present study was to investigate
whether an increased number of dose groups and at the
same time a decreased number of animals in each dose
group improves conditions for estimating the benchmark
dose.

We have used Bayesian design approach for compar-
ing experimental designs for benchmark dose calcula-
tions in case of continuous endpoints. We exemplify the
method by considering the class of Hill models, which
has been acknowledged in applications relating to risk
assessment of chemicals and BMD analysis. In the study,
the BMD was defined as corresponding to 5% change
in response relative to the total effect size. Since Hill
models are nonlinear, the optimum design for estimat-
ing the benchmark dose depends on the values of the
unknown parameters. For this reason we have consid-
ered Bayesian designs and assume that the parameter
vector has a prior distribution. A natural design crite-
rion is to minimize the expected variance of the BMD
estimator. We present an example where we have calcu-
lated the value of the design criterion for several designs
and try to find out how the number of dose groups, the
number of animals in the dose groups and the choice
of doses affects the criterion value for different Hill
curves.

It follows from our calculations that to avoid
the risk of unfavorable dose placements, it is good
to use designs with more than four dose groups
(including the control group). We can also conclude
that any additional information about the expected
dose-response curve should be taken into account

when planning a study, because it can improve the
design.

doi:10.1016/j.toxlet.2006.06.147

P2-07
Chronic inhalation of ethylene glycol monoethyl
ether affected the reproduction of male rats

Rui-Sheng Wang, Megumi Suda, Katsumi Ohtani

Japan National Institute of Occupational Safety and
Health, Kawasaki 214-8585, Japan

Ethylene glycol monoethyl ether (EGEE) is one of a fam-
ily of glycol ethers widely used as an organic solvent for
resins, paints and dyes, and as a thinner in industry. It
is known that EGEE can cause damage in the testes of
several animals, as demonstrated by the testicular atro-
phy and decreased sperm count. In the present study, we
examined the dose-dependent effects of chronic inhala-
tion of the solvent on reproduction and sperm motion
in male rats, and the recovery after termination of the
exposure. Male Sprague—-Dawley rats at 8 weeks old
were exposed to EGEE at 0, 80, 250 and 700 ppm by
inhalation, 8 h/day, 6 days/week, for 9 weeks. The body
weight gain was not affected in any EGEE groups. How-
ever, the weight of testes and epididymides was signif-
icantly lower in the high EGEE group than in controls.
The percentages of motile sperm and progressive sperm
in cauda epididymis were dose-dependently decreased
in the three EGEE groups, with significant difference
between control and the medium and high EGEE groups.
Besides the two motion parameters of sperm, the veloc-
ity parameters (curvilinear velocity, average path veloc-
ity, and straight line velocity), parameter showing the
swimming pattern of spermatozoa as head movement
(amplitude of lateral head displacement and beat cross-
frequency), and parameters such as straightness and lin-
earity all indicated damage of sperm to some extents. The
percentages of sperm with rapid motion were lower in
medium and high EGEE exposure, while the static sperm
was significantly increased in the two groups. With the
sperm from spermaducts, similar results were obtained
as in the cauda epididymides. On the other hand, the
blood concentration of androgens (testosterone and pro-
gesterone) showed little change in the EGEE groups,
suggesting that Leydig cells were not damaged. Part of
the animals was mated with female rats after the termi-
nation of exposure, and the pregnancy and fetus were
checked. Also, the recovery of the male rats 10 weeks
after the termination of EGEE exposure was evaluated.

doi:10.1016/j.toxlet.2006.06.148


dx.doi.org/10.1016/j.toxlet.2006.06.147
dx.doi.org/10.1016/j.toxlet.2006.06.148

S72 Abstracts / Toxicology Letters 164S (2006) S1-S324

P2-08
Dose depending pyrazinamide effects on peroxida-
tion processes and lipid contents in rats

G.M. Shayakhmetova, L.B. Bondarenko, N.A. Sapry-
kina, V.M. Kovalenko

Institute of Pharmacology and Toxicology, Academy of
Medical Sciences of Ukraine, Kyiv, Ukraine

Metabolism of xenobiotics and its accessibility for the
male’s reproductive system are one of the least inves-
tigated problems of toxicology. Numerous xenobiotics
and its metabolites can permeate through blood—testicle
barrier. These substances may negative affected on bio-
chemical and proliferative processes in reproductive
organs’ tissues. We have recently reported that the anti-
tuberculosis drug, pyrazinamide (PZA), caused morpho-
functional damages of testis in male rats and a dose
dependent CYP P450 2E1 induction in their liver (Tox-
icol. Lett. 158 (Suppl. 1) (2005) 123).

In the present work, we investigated the influence of
PZA on testis, liver and serum biochemical parameters
of male Wistar rats. PZA was administered intragastri-
cally in doses 500 and 1000 mg/kg during all period of
spermatogenesis. It was shown that PZA caused dose
dependent increasing of ascorbate (to 1.3 times) and
NADPH-dependent lipid peroxidation (to 1.5 times) in
liver microsomal fraction with simultaneous decrease of
serum free cholesterol (to 2.2 times) and increase of
total lipids contents (to 1.2 times) as compared with
intact animals. At the same times PZA administration
(1000 mg/kg) decreased the content of glutathione in
liver (by 45%), increased the level of ceruloplasmin
in serum by 20% and decreased the relative intensity
of EPR-signals of transferrin (g=~4.2) by 20% and
iron—sulfur proteins (g~ 1.94), mainly mitochondrial
enzymes, by 10% in testis.

Results of the study indicate that in addition to CYP
P450 2E1 induction many kinds of biochemical abnor-
malities may be underlie the negative influence of PZA
on male’s reproductive system. These effects may be
connecting with the state of pro- and antioxidant sys-
tems and the transport of iron, as well as disturbances of
bioenergetics processes in germinal cells. Further exper-
iments will suppose for explanation of correlation CYP
P450 2E1 induction or inhibition effects on male’s repro-
ductive system.

doi:10.1016/j.toxlet.2006.06.149

P2-09

Epidemiological profile of acute poisoning in a Uni-
versity Hospital in Zaragoza (Spain)

Prospective study of 10 years

A. Ferrer-Dufol, M. De Azua-Jimenez, N. Fernandez-
Letamendi, R. Royo-Hernandez, M. Rivas, E. Civeira-
Murillo

Clinical Toxicology Unit, University Clinic Hospital,
Zaragoza, Spain

We present the profile of the toxic incidents studied in a
prospective way by means of a specific toxicology file in
the Emergency Department of a General Hospital cov-
ering a population of 360,000 inhabitants. Toxic cases
represent near 2% of all the emergency cases. During the
period 1995-2004, 9321 cases have been attended. Mean
age is 33.39 (£16): males 65.66% and females 34.33%.
Children under 16 years account for 865 cases (9.28%).
The cause of poisoning has been an overdose of drugs of
abusein 57.77%, suicidal in 21.96%, a domestic accident
in 10.46%, occupational 1.38%, other toxic accidents in
1.79% and unknown 6.63%. The main chemical com-
pounds are medicaments (29.04%) and drugs of abuse
(63.58%). Among the rest of substances (12.99%) the
most common are caustics cleaners producing 337 cases.
Other toxicants such as carbon monoxide, solvents, pes-
ticides or detergents are much less frequent. The main
individual agent is ethanol, which has produced 5100
cases (56.60%) followed by benzodiazepines with 1300
cases (14.91%). The route of exposure is oral in 6921
cases, respiratory 820 cases, cutaneous 123 cases and
intravenous 338 cases. A total of 6647 cases (71.31%)
have had symptoms, mainly neurologic, digestive and
cardiovascular. Analytical confirmation has been car-
ried out in 6253 cases (67.08%). Specific treatment was
used in 2363 cases: gastric decontamination has been
used in 1781, antidotes in 1491, enhanced elimination
in 33. Some symptomatic treatment has been employed
in 4033 cases. Most cases have had a good outcome,
with only 24 deaths (0.26%), most of them suicidal cases
(12), some overdoses by drugs of abuse (4) and 2 acci-
dents. In conclusion, acute poisoning is a not too high
but usual pathology in the Emergency department in a
general Hospital in Spain. This pathology affects to arel-
atively young population, it is mainly intentional, with
low figures of accidents, and the outcome is generally
good.

doi:10.1016/j.toxlet.2006.06.150


dx.doi.org/10.1016/j.toxlet.2006.06.149
dx.doi.org/10.1016/j.toxlet.2006.06.150

Abstracts / Toxicology Letters 164S (2006) S1-S324 S73

P2-10

Comparison of clinical adverse drug reactions of
three hypotensive drugs (indapamide, isosorbid-5-
mononitrate, molsidomine) after their single dose
oral administration to healthy volunteers

Dagmar Kholova!, Karel Macek?, Ladislav
Vyslouzil !, Jiri Kopecky !, Jaroslav Kvetina !

UInstitute of Experimental Biopharmaceutics, Hradec
Kralove, Czech Republic; 2 Teaching Hospital, Hradec
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The aim was to compare adverse drug reactions (ADRs)
of tablet formulations containing drugs with hypotensive
effect: indapamide (5 mg), isosorbid-5-mononitrate (IS-
5-MN, 40 mg) and molsidomine (4 mg). The data were
obtained retrospectively as a secondary product from
three clinical pharmacokinetic bioequivalence studies.
All drugs were administered in a single oral dose to
24-25 healthy volunteers. Volunteers were asked about
ADRSs occurrence, their duration and severity during
three days after the drug administration. Statistically
significant differences of the ADRs frequency (x? test,
p=0.05) were found between indapamide (50%) and IS-
5-MN (79%) and between indapamide and molsidomine
(80%). ADRs frequency did not differ between IS-5-MN
and molsidomine. Only four types of ADRs occurred
after indapamide, six types of ADRs were registered
after [S-5-MN and eight types after molsidomine admin-
istration. The most common ADRs were sleepiness (8 x)
and headache (4 x) in the case of indapamide, headache
(17 x) and nausea (2 x ) in the case of IS-5-MN, headache
(21x) and sleepiness (2x) in the case of molsidomine.

doi:10.1016/j.toxlet.2006.06.151
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Analytical and demographic profile of the toxic inci-
dents related to alcohol in a University Hospital in
Zaragoza (Spain)

Prospective study of 10 years

Ana Ferrer-Dufol, Sebastian Menao-Guillén

Clinical Toxicology Unit, University Clinic Hospital,
Zaragoza, Spain

We present the analytical and demographic profile of the
toxic incidents related to alcohol studied in a prospec-
tive way by means of a specific toxicology file in the
Emergency Department of a General Hospital covering
a population of 360,000 inhabitants. During the period
1995-2004, 9321 toxic cases have been attended which
represent near 2% of all the emergency cases. Ethanol

related cases are 56.60% of total cases. Among the 5100
cases with a clinical diagnosis of ethanol intoxication
mean age is 33.75 &+ 13.18 years: males 78% and females
22%. A total of 3452 cases have been confirmed analyt-
ically showing a mean ethanol concentration in blood of
1.54 £0.79 g/L.. Among them, 1148 are cases related to
traffic events and present a mean ethanol blood concen-
tration of 1.36 0.61 g/L (the legal limit for driving in
Spain is 0.50 g/L). There is a clear rise in the number
of cases per year. The mean age has slightly risen and
the mean ethanol concentration in blood is constant all
along the 10 years. The sex profile has changed with a
significant rise of females from 14.8% to 22.7%.

doi:10.1016/j.toxlet.2006.06.152
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Intoxication with the antipsychotic drug clozapine:
Plasma concentrations before and after a deliberate
overdose

Agnes G. van Velzen, Jan-Willem Fijen, Irma de Vries,
Jan Meulenbelt

National Institute for Public Health and the Environ-
ment, The Netherlands

The Dutch National Poisons Information Centre receives
around 2000 enquiries a year about intoxications with
antipsychotic drugs. Many of these intoxications con-
cern deliberate overdoses in adults. The atypical antipsy-
chotics (e.g. quetiapine, olanzapine, clozapine) are the
group of antipsychotic drugs most often involved in these
intoxications. Clozapine was the first atypical antipsy-
chotic to be introduced onto the Dutch market. In 2005,
the Dutch poisons centre received 73 enquiries about
clozapine overdose (of which 62 in adults). Here we
present the case of an 18-year-old woman who was
admitted to our intensive care unit (ICU) after taking a
clozapine overdose in an attempted suicide. The woman
was being treated with clozapine in the psychiatric ward.
She had a history of schizofrenia and cocaine abuse,
but no epilepsy. At 11.45 a.m. she was discovered hav-
ing seizures in the psychiatric ward. The seizures were
treated with diazepam. When it appeared that she had
ingested 3 g of clozapine in a suicide attempt, she was
transferred to the emergency department. Upon exami-
nation she showed signs of sinus tachycardia (140 bpm)
with QT prolongation. She had a metabolic acidosis
with partial respiratory compensation. Other lab values
were within normal range. Here urine was negative for
cocaine. Activated charcoal and sodium sulphate were
administered via a gastric tube to hamper further absorp-
tion of clozapine from the gastro-intestinal tract. Subse-
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quently, she was submitted to the ICU for observation.
From less than one hour following the seizures until sev-
eral days later, blood samples were taken to determine the
clozapine plasma concentration. The clozapine plasma
concentration 35 min after the seizures was 3.86 mg/L,
while one day before the overdose it had been only
0.19 mg/L. The next day the QT interval had normalized
and her heart rate had decreased to 100 bpm. The cloza-
pine plasma concentration had decreased to 0.40 mg/L
at 10 a.m. and 0.26 mg/L at 8.40 p.m. In the evening, the
patient was discharged to the psychiatric ward.

doi:10.1016/j.tox1et.2006.06.153
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Quantitative and statistical analysis of differences
in sensitivity between Long-Evans and Han/Wistar
rats following long-term exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin
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In this study, differences in sensitivity between
dioxin sensitive Long-Evans (L-E) and dioxin resistant
Han/Wistar (H/W) rats following long-term exposure to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) were sta-
tistically and quantitatively investigated. Sensitivity dif-
ferences were analyzed by comparing benchmark doses
(BMDs) for the two strains considering a number of
toxicological endpoints including data on body and
organ weights, volume fraction of hepatic foci, hep-
atic CYP1A1 induction, as well as retinoid parameters.
The dose-response relationships for L-E and H/W rats,
described by the Hill function, were assumed to be fun-
damentally similar (i.e. parallel), differing only in terms
of their location on dose scale. This assumption was
generally supported according to statistical analysis. It
was concluded that L-E and H/W rats differed statisti-
cally in their response to TCDD treatment. Differences
between the strains were most pronounced for volume
fraction of hepatic foci; L-E rats were approximately 80
times more sensitive than H/W rats. For body and organ
weight parameters, L-E rats were approximately 10-20
times more sensitive than H/W rats. For retinoid param-
eters and hepatic CYP1A1 induction estimated differ-

ences between the strains were generally about five-fold,
and associated with a low uncertainty. In conclusion,
the present study employs a dose-response modeling
approach suitable for statistical evaluation of strain and
species differences in sensitivity to chemical exposure.
The study demonstrates, statistically and quantitatively,
differences in sensitivity between the L-E and H/W rat
strains following long-term TCDD exposure.

doi:10.1016/j.toxlet.2006.06.154
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Inflammatory and epithelial changes in lungs
from apolipoprotein E deficient mice after chronic
cigarette mainstream smoke exposure

Stefan  Lebrun!, Walter  Stinn', Horst Weiler!,
Baerbel Friedrichs !, Ansgar Buettner !, Klaus von
Holt!, Thomas Wallerath?, Raymond R. Schleef?,
Hans-Juergen Haussmann 3

VPHILIP MORRIS Research Laboratories GmbH,
Cologne, Germany; 2Philip Morris USA, Richmond,
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Inflammation plays a key role in the atherosclerotic pro-
cess. As part of a study on the influence of cigarette
mainstream smoke (MS) in combination with high-fat
diet on the development of atherosclerosis, we inves-
tigated the inflammatory response and histopathologi-
cal alterations in lungs from apolipoprotein E-deficient
(ApoE_/ ~) mice, a classic model for atherosclerosis.
Male ApoE~/~ mice were whole-body exposed for 12
months (6 h/day, 5 days/week) to diluted MS at total par-
ticulate matter (TPM) concentrations of 100 and 200 g/l
or to filtered fresh air. Each exposure group was fed
either a chow diet or a milk-fat-enriched diet. Bron-
choalveolar lavage (BAL) was performed and inflam-
matory cells were quantified in BAL fluid (BALF);
lungs were evaluated histopathologically. Mice exposed
to 100 wg TPM/I MS showed no statistically significant
inflammatory and epithelial changes in the lung. Mice
exposed to 200 ug TPM/IMS showed statistically sig-
nificant inflammatory changes, i.e., a constant elevation
of neutrophils and a continuous increase in lympho-
cytes in BALF with both diets. In the high-fat diet
groups, there was a tendency to a greater increase
in neutrophils and lymphocytes. Pathomorphological
findings observed in the lungs of mice exposed to
200 wg TPM/IMS included multifocal alveolar histio-
cytosis present as single macrophages and pigmented
macrophage nests (PMN). Hypertrophy/hyperplasia of
the alveolar epithelium was seen only in single cells
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directly associated with the PMN. The incidence of these
pathomorphological findings increased from 20% after
3 months of exposure to 80% after 12 months of expo-
sure in both diets. Interstitial lymphocytic infiltrates were
present in 80% of these mice only after 12 months of
exposure. The pathomorphological alterations were not
influenced by high-fat diet.

In summary, our data indicate that chronic expo-
sure of ApoE~/~ mice to 200 pg TPM/IMS results in
non-neoplastic pathomorphological changes in the lung
and an inflammatory response, which is a mixture of
innate and adaptive immune responses, as indicated by
an increase in BALF neutrophils and lymphocytes.

doi:10.1016/j.toxlet.2006.06.155
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A new and vital antidotal pathway for paraquat poi-
sonings more than 60 years later: Induction of lung
P-glycoprotein
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The widespread use of the non-selective contact herbi-
cide paraquat (PQ) has been the cause of thousands of
deaths from both accidental and voluntary ingestion. The
main target organ for PQ toxicity of is the lung. This is
mainly due to a characteristic polyamine uptake system
in this organ for which PQ is a preferential substrate.
Due to the lack of antidotes for PQ poisoning, the prog-
nosis has been primarily based on the plasma and urine
concentration of PQ within the first 24h of intoxica-
tion. No antidote or effective treatment was developed
until now to decrease the PQ accumulation in the lung
or to disrupt its toxicity. In the present study, a pro-
cedure that conducts to a remarkable decrease of PQ
accumulation in the lung, together with an increase of
faecal excretion and a subsequent decrease of several
biochemical and histopathological biomarkers of toxic-
ity, is described. The administration of dexamethasone
(100 mg/kg i.p.) to Wistar rats, two hours after PQ intox-
ication (25 mg/kgi.p.), decreased the PQ lung accumula-

tion to about 40% of the only PQ-exposed group, and led
to an improvement of tissue healing in just 24 h as aresult
of the induction of de novo synthesis of P-glycoprotein
(P-gp). The involvement of P-gp in these effects was
confirmed by Western blot analysis and by the use of
verapamil (10 mg/kg i.p.), a competitive inhibitor of this
transporter, which given one hour before dexamethasone
blocked its protective effects, causing instead an increase
of PQ lung concentration and an aggravation of toxic-
ity. In conclusion, the induction of P-gp, leading to a
decrease in lung levels of PQ and the consequent pre-
vention of toxicity, seems to be a new and promising
treatment of PQ poisonings.

Ricardo Dinis-Oliveira, acknowledges FCT for his Ph.D.
grant (SFRH/BD/13707/2003).
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sible way to toxicity
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When a medicine marketing authorization is asked
to Competent Authorities, a therapeutic scheme must
be established and proposed. Pharmacokinetic studies
needed to achieve that goal are performed in healthy
animal not taking in account potential interferences of
disease states. Hepatic diseases and subsequent hepatic
dysfunction must be responsible by a modified hepatic
metabolizing activity, which can modulate pharmacoki-
netics with influence in drug therapeutic activity and
toxicity.

This study was delineated in order to determine
influence of hepatic dysfunction on pharmacokinetic of
antipyrine (AP), a low-clearance compound, and hexo-
barbital (HB) an intermediate high-clearance compound.

Hepatic dysfunction was induced by intraperitoneal
administration (IP) of galactosamine (hepatotoxin used
as acute hepatitis model) to Wistar male rats. AP
(50 mg/kg, IP) and HB (100 mg/kg, gavage) were admin-
istered to animals 24, 48 and 72h after hepatotoxic-
ity induction, after what blood samples were collected.
Antipyrine analytical determination in plasma samples
was performed by enzymatic hydrolysis (with Limpet
Acetone Powder), extraction (chloroform/ethanol mix-
ture (9/1, v/v)), evaporation to dryness and dilution
(phosphate buffer and methanol) before injection onto
HPLC column (Nova Pack C18 column Waters), with
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determination performed at 245 nm. Analytical determi-
nation of HB blood concentration, after n-butyl acetate
extraction, was performed by gas chromatography in
split mode, using promazine as internal standard, a capil-
lary column Hp-5 (5% phenyl methyl siloxane) and FID
as detector.

Our results show that hepatic dysfunction, namely
48 h after galactosamine administration (time at which
hepatotoxicity clinical signals were more evident)
induce a more slow metabolization and more elevated
plasmatic concentration with increase of elimination
half-lives for both drugs.

So it can be concluded that careful administration of
hepatic metabolized drugs must be done in case of hep-
atic dysfunction, particularly in acute disease, in order
to avoid toxicity induction by drug accumulation.

Work supported by POCTI/39468/CVT/2001 grant,
FCT/POCTI approved, co-financed by FEDER, and
CIISA/FMV.
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behavior in male mice exposed to methylmercury
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Methylmercury (MeHg) is an environmental contam-
inant that is known to be neurotoxic in humans and
laboratory animals, particularly during brain develop-
ment.

In the present study, we investigated the effect of pre-
natal and early postnatal exposure to MeHg on mouse
behavior. For this purpose, we analyzed young and adult
MeHg-exposed mice in acute tests for spontaneous loco-
motion and motor functions, as well as with monitoring
of basic activities and learning abilities using an auto-
mated system (IntelliCage) developed for continuous
long-term recording of behaviour in the home cage.

Pregnant female mice received MeHg (0.5 mg/kg/
day) via drinking water from gestational day 7 till day
7 after delivery, and offspring’s behavior was studied
as mentioned above. We found no difference between
5-week-old MeHg-exposed and control offspring, nei-

ther in locomotor activity, estimated as a distance walked
during 1 h, nor in performance in rotarod test. However,
the analysis of behavior performed in the IntelliCage
revealed that MeHg-exposed male, but not female, mice
were less active in exploration of a new environment
and that their daily locomotor/exploratory activity, mon-
itored for 45 days, was lower than in controls. Also, we
found an impaired learning ability in the MeHg-exposed
male mice using a complex test involving visual discrim-
ination, conditioned learning and working memory.

MeHg-exposed males had lower sucrose preference
than matching controls, a putative indicator of anhedo-
nia, and longer immobility time in the forced swimming
test, which can be considered as a predisposition to
depressive behavior. Similar analysis of female offspring
did not reveal any of the changes in behavior described
above.

Behavioral alterations in laboratory animals exposed
to neurotoxicants have always been important indicators
of toxicity, but slight changes in behavior can be eval-
uated only by complex tests involving different brain
functions. The results of the present study show that pre-
natal and early postnatal exposure of mice to MeHg can
affect learning ability and motivation-dependent behav-
ior in a gender-dependent manner.

doi:10.1016/j.toxlet.2006.06.158
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Oxidative stress and antioxidant defense in patients
with chronic hepatitis C patients before and after
peginterferon «-2b plus ribavirin therapy

Levent Gorenek, Ali Acar, Ahmet Aydin, Can Polat
Eyigun, Aytac Cetinkaya, Ayse Eken, Ahmet Sayal,
Onur Erdem, Cemal Akay
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Oxidative stress could play arole in pathogenesis of hep-
atitis C virus infection. The aim of our study is to deter-
mine oxidant/antioxidant status of patients with chronic
hepatitis C (CHC), and the effect of peginterferon o-
2b plus ribavirin combination therapy on oxidative
stress. Nineteen patients with chronic hepatitis C virus
(HCV) infection and 28 healthy controls were included
in the study. In control and patient groups, serum
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels, erythrocyte malondialdehyde
(MDA) levels, erythrocyte CuZn-superoxide dismutase
(SOD), erythrocyte glutathione peroxidase (GSH-Px)
activities were measured. After peginterferon a-2b and
ribavirin combination therapy for 48 weeks, these param-
eters were measured again in the patient group. Serum
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MDA levels is increased significantly in chronic hep-
atitis C (CHC) patients (n: 19), before treatment when
compared with healthy subjects (n: 28) (9.28 =1.61,
4.20 =+ 1.47 nmol/ml, p <0.001, respectively. MDA con-
centration decreased significantly (p <0.001) after treat-
ment as well as ALT, AST activity, in erythrocytes of
these patients. Average antioxidant enzymes (superoxide
dismutase and glutathione peroxidase) were statistically
significantly lower in erythrocytes of patients with CHC
before treatment compared with control group (both,
p<0.001). Chronic hepatitis C patients after peginter-
feron a-2b and ribavirin therapy showed values of SOD,
GSH-Px were significantly higher than pretreatment lev-
els (both, p <0.001). Our results show that patients with
chronic HCV infection are under the influence of oxida-
tive stress associated with lower levels of antioxidant
enzymes. These impairment returns to level of healthy
controls after peginterferon a-2b plus ribavirin combi-
nation therapy of CHC patients. Although interferon and
ribavirin are not antioxidants, their antiviral capacity
might reduce viral load, and inflammation, and perhaps
through this mechanism might reduce virus-induced
oxidative stress.

doi:10.1016/j.toxlet.2006.06.159
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Craving in alcoholism

Role of naltrexone and platelet monoamine oxidase
B activity (pMAQO-B activity)
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Aims: Naltrexone has been proposed as useful treatment
of alcohol abstinence, and previous evidence has sug-
gested that low levels of pMAO-B activity can be used
for diagnostic assessment of alcoholism, regardless of
gender and smoking status. The first aim of this study
was the evaluation of influence of chronic naltrexone
treatment versus placebo in maintaining the abstinence
over a 3-month period. The second aim was to correlate
abstinence/relapse with pMAO-B activity.

Subjects and methods: Twenty alcohol-dependent
inpatients, diagnosed according DSM-IV criteria and
evaluated using an ad hoc questionnaire—VAQUA, aged
30-60 years, heavy smokers (>20 cigarettes/day), were
enrolled. Patients with liver cirrhosis, psychosis, cog-
nitive impairment (MMSE), CNS diseases not related
to alcoholism, pregnancy and breast feeding were

excluded. The temporal pattern of pMAO-B activity,
radiochemically measured, was evaluated on the first and
7th day of abstinence, and after 3 months. All patients
underwent a brain CT scan, and were randomly assigned
to treatment with either naltrexone 50 mg/day or placebo.

Results: Abstinence/relapse was independent of treat-
ment. Twelve hours after last alcohol intake, all
patients showed low pMAO-B activity levels (5.94 +
2.80 nmol/mg protein/h). On the 7th day of abstinence
this value increased to 9.25 4.95 nmol/mg protein/h.
In the 3rd month, patients with alcohol abstinence (mea-
sured by VAQUA and serum GGT), showed an aver-
age level of pMAO-B activity of 7.9 2.9 nmol/mg
protein/h. Notably, relapsing patients showed pMAO-
B activity levels similar to those obtained on the first
determination.

Widespread cortical and subcortical atrophy, signif-
icantly more marked in frontal lobes, were detected by
CT scans.

Conclusions: Data obtained in this small but selected
sample population, suggest that naltrexone treatment
does not affect abstinence/relapse in alcoholics, and that
the higher levels of pMAO-B 7 days after cessation of
drinking remain relatively stable 3 months later in the
group of recovering alcoholics.

Supported by the Italian Ministry of Health; RCO5015H.
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Effects of in utero and lactational exposure to
methylmercury and PCB153 on cerebral dopamin-
ergic receptors in rats at weaning and puberty
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The central dopaminergic system is a likely target
for the neurodevelopmental toxicants methylmercury
(MeHg) and ortho-substituted PCBs. The effects of
MeHg (0.5 mg/kg/day) and/or PCB153 (5 mg/kg/day),
orally administered to rat dams from GD7 to PND21,
were investigated on the density (Bmax) of cortical and
striatal dopamine D1-like (D1-R) and D2-like receptors
(D2-R) in the rat offspring at PND21 and at PND36,
by saturation binding studies. Concomitantly, the levels
of Hg and PCB153 in brain areas were determined by
cold vapor analysis and by gas chromatography with an
electroncapture detector, respectively.
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In PND21 males the number of both cortical and stri-
atal D1-Rs was decreased to a similar extent (15-30%)
by MeHg and PCB153, either alone or combined, with-
out additivity. All alterations completely disappeared by
PND36. Concerning D1-Rs in females, the most evi-
dent effects at both time points were a 15% decrease in
Bmax caused by the PCB + MeHg mixture in cortex and
a 15-20% reduction in Bmax elicited by MeHg alone in
striatum.

In PND21 cerebral cortex Hg levels (jg/g tissue)
were 0.25-0.89 in MeHg alone group and 0.94-1.40
in MeHg + PCB153 group. Such values were reduced
by 5-6-fold 15 days later. Similar values and a similar
declining trend with time were detected in the stria-
tum. In rat cortex PCB153 levels in rats treated with
PCB153 == MeHg were 15-17 pg/gtissue on PND21 and
4.7-8.1 on PND36.

In both males and females the density of corti-
cal D2-Rs (control Bmax =48-57 fmol/mg protein) was
highly enhanced (+50%) by PCB153, either alone or
combined with MeHg, in a delayed fashion (PND36),
while MeHg was uneffective. In striatum a common
finding to males and females (control Bmax =200 + 54
and 189 %42 fmol/mg protein) was the MeHg-induced
delayed decrease in D2-R density (10%), which was
masked in the co-presence of PCB153.

At both ages the number of D1 and D2-Rs is affected
by MeHg and/or PCB153 in cortex and striatum. The sus-
ceptibility of such receptors to MeHg and/or PCB153 is
gender- and time-dependent and the effects of the two
contaminants are not additive.

Grants: EU, FOOD-CT-2003-506543; and Italian Min-
istry of Health.
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Preventive effect of aminoguanidine on cisplatin-
induced nephrotoxicity in rats—Comparison to Vita-
mins E and C
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Aminoguanidine is a potent antioxidant that has many
biological effects. Cisplatin is widely used chemothera-
peutic agent and its nephrotoxicity is recognized as the
most important side effect. In this study, the antioxi-
dant effect of aminoguanidine on nephrotoxicity of a
single dose of cisplatin is investigated and compared

with the effects of well-known antioxidants Vitamins E
and C combination. When kidney and liver tissues were
investigated histopathologically, it has been observed
that there are tubular damage and perivascular inflamma-
tion in kidney samples of cisplatin-administered groups.
All antioxidants, aminoguanidine, Vitamins E and C are
capable to prevent these effects of cisplatin. Liver tis-
sues of all groups were intact. In order to investigate
both toxicity and prevention mechanisms, malondialde-
hyde (MDA) levels in erythrocyte, plasma, kidney and
liver, and glutathione (GSH) levels in erythrocyte, kid-
ney and liver samples were measured. Cisplatin-induced
nephrotoxicity was evidenced by significant decrease of
total sulthydryl content measured as GSH and signifi-
cant increase in lipid peroxidation measured as MDA
levels. Consecutive repeating administration of both
aminoguanidine or vitamin combination with cisplatin
decreased MDA levels. Administration of antioxidants
with cisplatin prevented the decrease in liver GSH lev-
els. The nephrotoxicity was confirmed biochemically by
significant elevation of serum urea and creatinin lev-
els. Although application of Vitamins E and C com-
bination prevented the increase in serum urea levels,
aminoguanidine did not. It has been concluded that, at the
used concentrations, vitamin combination is more effec-
tive in terms of preventing nephrotoxicity compared to
aminoguanidine. Secondly, the data obtained are con-
vinced enough that oxidative damage takes place in this
side effect of cisplatin.

doi:10.1016/j.toxlet.2006.06.162
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Towards developing efficient testing
strategies—Analyzing the decision relevance of
different toxicity tests
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In REACH, the forthcoming chemical legislation in
the European Union, all new and existing chemicals
will be subject to the same legislation. As a result
testing will be required for many previously untested
chemicals. Since the potential scope of REACH is
over 100,000 industrial chemicals, this has put scien-
tific and regulatory focus on how testing should effec-
tively be performed in the regulatory context. How
should chemicals be selected for testing? How exten-
sive testing should be required? What tests should
be prioritized? There is a pressing need to improve
current test strategies in order to be more resource
efficient.
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One way to address this is to analyze which tests are
most influential for risk management, i.e. in the Euro-
pean classification and labelling system. The classifica-
tion and labelling directive is the major system for risk
management in chemicals control. The system applies
to both new and existing industrial chemicals, it is har-
monized within the European Union and is currently
undergoing global harmonization. Furthermore, it is an
important tool for conveying information about health
hazards to the users of chemicals.

This is a report from an ongoing study in which we
compare classifications of chemicals having different
data-sets in order to investigate the relative influence of
different toxicity tests on the classification of chemicals.
For example: if data from both an acute toxicity study
and from a 28-day study are available; how often will
this result in a classification on the basis of (a) the acute
toxicity study only, (b) the 28-day study only, or (c) both
these studies?

To do this we utilize information on data availabil-
ity for more than 2500 individual chemicals notified as
new substances according to the current European Union
chemical legislation. The purpose of this exercise is to
identify which tests that contains most information rel-
evant for risk management decision making, assuming
that such tests should be prioritized in the regulatory con-
text, given the limited resources available for testing.

The overall objective is to provide knowledge that
may help develop more efficient test strategies for indus-
trial chemicals.

doi:10.1016/j.toxlet.2006.06.163
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Date palm gemmule has been used in traditional
medicine to improve the semen quality and treat infertil-
ity. Their components remedies those are rich of antiox-
idant and vitamins can influence spermatogenesis. The
aim of this project was to evaluate the effects of date
palm gemmule on sperm quality. To do these, seventy
male rats were divided into seven groups. The groups
were injected with 5 mg/kg of busulfan. The experimen-
tal groups were treated with 50, 100, 150 and 200 mg/kg
of hydroalcoholic extract of date palm gemmule for 48

days. The control was injected with busulfan without any
other treatment. After this period the blood samples were
taken for hormonal assay. The semen was collected from
distal part of the ductus deferens. The sperm count and
motility were measured and the smears were prepared.
The sperm smears were stained with acridin orange, ani-
line blue, eosin and chromycin A3.

The results indicated that estradiol decreased signifi-
cantly after treatment with 50 mg/kg of the extract. The
percent of the sperm with good morphology and normal
chromatin histone were increased significantly.

It is probable that the extract with its content like
phytoestrol effect the estradiol level and by this way
influence the spermatogenesis and as a result the sperm
quality. The extract may improve the sperm quality
because of its content like Vitamins A and C, glucose
and calcium.

doi:10.1016/j.tox1et.2006.06.164
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Graft function in long-term cyclosporine or
tacrolimus treatment

A comparative study with nephrotoxicity markers
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Szymarnska', M Zynek-Litwin2, Anna Diugosz !,
Marian Klinger?

! Department of Toxicology, Wroclaw Medical Univer-
sity, Wroclaw, Poland; > Department of Nephrology and
Transplantation Medicine, Wroclaw Medical University,
Wroclaw, Poland

The object of this study was to compare the effect of
cyclosporine (CsA) and tacrolimus (TAC) treatment on
the transplanted kidney. This was done by examining
nephrotoxicity markers in urine: lysosomal enzymes of
proximal tubular cells (NAG, NAG-B, GAL, 3-Gr) and
brush border enzymes (AAP, GGT). The study involved
120 CsA-treated patients and 99 TAC-treated patients.
Four groups of patients were identified depending on
the time since transplantation (I: up to 1 year after trans-
plantation; II: 1-2 years; III: 2-3 years; IV: more than
3 years). The control group consisted of 31 people with
normal kidney function.

Nephrotoxicity markers density in urine was exam-
ined by length of treatment in both CsA- and TAC-treated
patients. The same method was applied to assess nephro-
toxicity markers’ density in relation to graft function (as
measured by creatinine serum level). The authors also
sought to correlate CsA and TAC level in serum and the
enzymes activity for all groups as well as the entire pop-
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ulation. The TAC group showed a significant negative
association between the time from transplantation and
the creatinine level. No such association was found for
the CsA-treated group.

Significantly higher activity of NAG and NAG-B in
urine was detected for the CsA- and TAC-treated groups
as oppose to the control group. Peak enzyme activity
for both CsA- and TAC-treated patients occurred in
group I. As for groups III and IV, NAG-B excretion
was found higher for the CsA group. A marked cor-
relation (p <0.05) between NAG activity in urine and
serum creatinine level was found in the CsA group.
Likewise, an association between NAG excretion and
graft function was demonstrated (higher NAG occurs in
worse graft function) in the TAC group, but this cor-
relation was not significant statistically. An important
negative association between NAG activity in urine and
the time after transplantation (p <0.001) was found in
the TAC group. The results of the study testify in favour
of tacrolimus-based treatment. However, doubts remain
regarding assessment of cyclosporine and tacrolimus
toxicity, as the results of research are neither unequivocal
nor simple.

doi:10.1016/j.toxlet.2006.06.165
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Plant and mushroom exposures reported to the Slo-
vak toxicological information centre in the years
1993-2005

Silvia Plackova, Blazena Caganiova, Jaroslav Kresanek

National Toxicological Information Centre, Bratislava,
Slovak Republic

Objective: Every year the National Toxicological Infor-
mation Centre (NTIC) in Bratislava responds to about
2500 inquires from all over Slovakia. Mushroom poison-
ing represents 6%, plant exposures represent 4% of all
cases collected by NTIC. Mushroom intoxications can
be the serious often resulting in death. To obtain more
information we performed a retrospective analysis of all
telephone calls to our centre.

Methods: Review of cases reported to the NTIC in the
years 1993-2005.

Results: During the 13-year period 1313 mushroom
intoxications were reported to the Slovak TIC. The
majority of cases (69%) were adults. A gastrointesti-
nal syndrome was noted in 72% of the cases. The sec-
ond most frequent kind was the cyclopeptide syndrome
(12%), 37 cases resulted in death (25 adults and 12 chil-
dren), which was caused by Amanita phalloides or other
amatoxin-containing mushrooms. In 781 cases a myco-

logical screening was performed in our NTIC. During
this period 691 plant and herbal exposures were reported.
Adults corresponded to 19% and children to 81% (58%
of them were less than 5 years old). Unintentional expo-
sures were 79%, abuse 20.5%, suicidal attempt (0.34%).
Ingestion was the route more usually involved (96% of
cases). The plants most frequently implicated in decreas-
ing order were: Datura stramonium (185 cases), Dieffen-
bachia (56 cases), Atropa bella-donna (46 cases), Vis-
cum album, Lonicera xylosteum, Mahonia aquifolium,
Convallaria majalis, Taxus baccata, Laburnum anagy-
roides. 80.2% of patients were asymptomatic, 16.5%
of patients developed minor symptoms, 3% of patients
developed moderate symptoms. One patient developed
severe symptoms.

Conclusion: Most plant ingestions were not associ-
ated with the development of symptoms. Amanita poi-
soning was mostly confused with agaricus species. This
analysis showed the severity of mushroom poisoning. It
also showed the problem of people tending to underesti-
mate the problem of mushroom ingestion because of the
latent period before onset of gastrointestinal effects. This
resulted in late presentation to hospital and late treat-
ment.

doi:10.1016/j.toxlet.2006.06.166
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Short- and long-term effects of a neonatal
exposure to benzo(a)pyrene (BaP) or 3,3',4.4',5-
pentachlorobiphenyl (PCB126) on behaviour of rat
pups
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! Neurosciences Comportementales, URAFPA, INRA
UFC340, Nancy, France; 2 Institute of Immunology,
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While PCBs are described as potential neurotoxic com-
pounds, little is known about the effects of the polycyclic
aromatic hydrocarbons like BaP on the developing brain.
Therefore, we examined both the short- and long-term
effects of an early chronic treatment with PCB 126 or BaP
at similar doses to those observed in the human feeding,
on behaviour in developing rats. Rat pups received a
subcutaneous injection of PCB126 (2-20 wg/kg) or BaP
(2-20 mg/kg) every third day from postnatal day 3 (P3)
to P21. Control animals received an equivalent volume
of vehicle. Several tests of reflex and motor coordina-
tion development were performed in pups at P4, P9, P10
and P20. At P50, rats were tested for spatial memory in
the eight-arm maze, anxiety in the elevated plus-maze,
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and exploration in the open-field. PCB126 (20 pg/kg)
and Bap (20mg/kg) induced significant decreases of
body (19-20%) and brain weight (6—8%) at P50. During
development, significant differences in locomotor and
coordination capacities were observed between PCB126
(20 pg/kg), BaP (20 mg/kg) and controls, reflected by
increases of the time needed by the pup to right itself
at P4, and the time used to face the top of the board of
an inclined plane at P9. At the adult stage, each com-
pound did not modify the exploratory activity and the
spatial learning and memory abilities of the animals
whatever the dose used. In the elevated-plus maze, BaP-
treated rats (20 mg/kg) were less anxious, as reflected by
increases in the number of entries (+20%) and time spent
(+24%) in the open arms. The opposite was observed in
PCB126-injected rats (20 wg/kg), suggesting an increase
of their anxiety level. This anxiogenic-like activity of
PCB126 was also observed in the eight-arm maze in
which the time need by these animals to achieve the
test was increased compared to controls when they are
faced for the first time to this novel environment (+14%,
p<0.05). In conclusion, an early chronic exposure to
PCB126 or BaP induces short- and long-term specific
behavioural alterations, asking the question about their
potential toxicity on the developing brain.

doi:10.1016/j.toxlet.2006.06.167
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Expression of renal organic anion transporters OAT1
and OAT3 in ochratoxin A-treated rats
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Sabolié¢

Institute for Medical Research and Occupational
Health, Zagreb, Croatia

Introduction: Ochratoxin A (OTA), a mycotoxin pro-
duced by several Aspergillus and Penicillium species, is
nephrotoxic, hepatotoxic, teratogenic and immunotoxic.
In the mammalian kidney, OTA primarily targets prox-
imal tubules (PT). Studies have shown that in PT OTA
inhibits the transport of p-aminohyppurate (PAH) and
that the secretion of both OTA and PAH is mediated by
organic anion transporters OAT1 and OAT3 (subfamily
of SLC22 drug transporters) that reside in the PT baso-
lateral membrane (BLM). These findings indicate that
OAT1 and OAT3 may be involved in OTA nephrotoxic-
ity, but this possibility has not been clarified.

Methods: To study cell morphology and expression of
OAT1 and OAT3 along the nephron in an in vivo exper-
imental model of OTA nephrotoxicity, adult male rats

were treated with different OTA doses (0, 50, 125, 250
or 500 wg/kg, every 2nd day, p.o.) for 10 days. Using spe-
cific antibodies, OATs were studied by Western blotting
(WB) in total cell membranes (TCM) isolated from the
pooled cortex (C) and outer stripe (OS) tissues, and by
immunocytochemistry (IC) in tissue cryosections. The
specific protein bands were evaluated densitometrically.

Results: OTA caused a dose-dependent damage (cell
desquamation and degradation) of the PT S3 segments
in medullary rays. In WB of TCM, at lower or higher
OTA doses the respective OAT1 content significantly
increased (~50% at 125 pg/kg) or strongly decreased
(~70% at 500 pg/kg). The content of OAT3 exhibited
a strong, dose-dependent increase, reaching maximum
(~300% above the controls) at 125-250 p.g/kg. The con-
tent of actin in TCM remained unchanged. IC showed
heterogeneous OAT1 staining in the PT BLM which
strongly diminished in rats treated with 500 g OTA/kg,
whereas OAT3 staining in the C and OS tubules matched
the respective WB data. At 500 pg OTA/kg, a dramatic
loss of OAT3 was observed in the heavily damaged S3
segments in medullary rays.

Conclusions: OTA treatment in rats causes: (a) dose-
dependent cell damage in S3 in medullary rays, and (b)
dual effect on renal OAT1 an OAT3: low doses upregu-
late and high doses downregulate the expression of these
transporters in the cortical tubules.

doi:10.1016/j.toxlet.2006.06.168
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Does titanium oxide as nanomaterial penetrate the
cellular membrane of cell culture and Vitrolife-skin?

Hiroshi Tokunaga, Tadashi Uchino, Yoshiaki Ikarashi
National Institute of Health Sciences, Tokyo, Japan

The use of the nanomaterial such as titanium oxide is
rapidly advanced in cosmetic without checking their
safety in recent years. In order to estimate the penetration
of titanium oxide to the cellular membrane or three-
dimensional culture skin (Vitrolife-skin), two kinds of
titanium oxide at the particle size of 20 nm (LU175) and
of 250 nm (LU205) were exposed to the CHO cells, the
A431 cells and Vitrolife-skin.

CHO cells at 5 x 10%cells/mL or A431 cells at
4 x 10* cells/mL were suspended into 0.1 mL medium
in the 96-well microplate and cultured for 24 h under
5% CO, incubator at 37 °C. The suspensions of titanium
oxide which ranged from 0% to 1% were added onto
the 96-well microplate. After cultivating each cell into
the 96-well microplate, the cell viability was estimated.
IC50s of CHO cell were 0.4% at LU175 and exceeded
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1% at LU205. Also IC50s of A431 cell were 0.4% at
LU175 and 0.55% at LU205 but did not show the cell
toxicity. The cell toxicity about LC175 depends on CHO
or A431 cells.

CHO cells at 5x 10*cells/mL or A431 cells at
4 x 10* cells/mL were suspended into 0.1 mL medium in
the 60-mm dish and cultured for 2 days for CHO cells or
5 days for A431 cells under 5% CO; incubator at 37 °C.
When 5 mL of 0.2% LU175 suspension was added onto
CHO cells’ dish, 1.9% LU175 was present on the cellu-
lar mixture. The located amounts of cellular membrane,
microsome and cytosol were 133, 0.27 and 57 pg/dish.
On the same manner for A431 cells, 10.6% LU175 was
on the cellular membrane, microsome and cytosol. Their
located amounts were 622, 13 and 436 pg/dish.

0.1 mL of 0.2% LU175 suspension was put onto the
donor side of Vitrolife-skin and the cumulative amount
of LU175 was examined in the receiver side after 24 h.
2.4 ng of LU175 was detected in the receiver side. Nei-
ther LU175 nor LU205 showed the cell toxicity against
Vitrolife-skin. Vitrolife-skin could not observe due to the
resistance of the stratum corneum on Vitrolife-skin.

doi:10.1016/j.tox1et.2006.06.169
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Cardiovascular toxicity in acute tricyclic antidepres-
sant (Amitriptyline) overdose

Branimir Pavlovski, Niko Becarovski, Letka Melovska,
Nestor Popovski, F Licoska, Aleksandra Babulovska

Clinic of Toxicology, Urgent Internal Medicine, Clinical
Center, Skopje, The Former Yugoslav Republic of Mace-
donia

Background: Amitriptyline (TCA) continues to be alead-
ing cause of significant morbidity and mortality in acute
suicidal poisonings involving all antidepressant drugs.

Objective: The aim of this study was to evaluate elec-
trocardiographic changes, urine and serum concentra-
tions in corelation to clinical pictures in patients acutely
intoxicated by Amitriptyline.

Material and methods: Over a 18 months period,
36 consecutive patients (27 (75%) males and 9 (25%)
females, with a Amitriptilyine overdose were admitted
to the Toxicology Clinic. The mean age of this group was
(37.2) from 18 to 60 years. Severity of coma scale (Glaz-
gow Coma Scale) on admission, cardiac, neurologic, res-
piratory complications, urine, plasmatic concentration of
the drug, length of coma, other possible complications
were all evaluated for each patient. ECG, blood pressure
and respiratory rate were continually monitored. Urine
concentrations of the drug were determined using (TLC)

thin layer chromatography as a screening test and serum
concentrations were determined with fluorescence polar-
ization immunoassay (FPIA) technique.

Results: ECG changes—sinus tachycardia was the
most common adverse outcome for all group. RaVR was
greater in those patients who had arrhythmias or seiz-
eres than in those who did not (4.1 mm versus 1.6 mm,
P <0.01). Seizeres occurred in four (11%) patients and
ventricular arrhythmias in two (5%) patients. Artificial
ventilations for four patients were made. GCS from 3 to
12 for all groups were ranged.

Serum concentrations using FPIA technique were
range from 222 to 850 ng/ml.

Conclusion: There is no correlation between severity
of clinical picture and urine and serum concentrations of
the drug. RaVR of 3mm or more was the only ECG
change that significantly predicted these adverse out-
comes.

doi:10.1016/j.toxlet.2006.06.170
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32004 Ourense, Spain

Cadmium toxicity and free radicals are related, and mela-
tonin seems to be a scavenger of these radicals. The aim
of this study was to determine possible protective mela-
tonin role in the alterations of glutamate concentration
in hypothalamus and median eminence induced by cad-
mium exposure. For this purpose, four groups of adult
male rats were used: (a) rats treated with i.p. injections of
melatonin (30 pg/rat/day), using like vehicle saline solu-
tion (0.9%) and absolute ethanol (90/10, v/v); (b) animal
treated with 25 mg/L of cadmium chloride (CdCl,) in
the drinking water; (c) rats treated with both melatonin
and cadmium; and (4) double control group (received
drinking water without adding CdCl, and the vehicle).
Duration of theses treatments was 30 days. At the end
of the treatments, rats were sacrificed and the hypotha-
lamus (anterior, mediobasal and posterior) and median
eminence were removed. Glutamate concentration was
measured by high performance liquid chromatography
(HPLC) using fluorescence detection after pre-column
derivatization with OPA. After cadmium exposure, glu-
tamate concentration increased in both anterior and
median eminence, but decreased in mediobasal hypotha-
lamus. In the animals treated with melatonin glutamate


dx.doi.org/10.1016/j.toxlet.2006.06.169
dx.doi.org/10.1016/j.toxlet.2006.06.170

Abstracts / Toxicology Letters 164S (2006) S1-S324 S83

content was increased in both anterior and mediobasal
hypothalamus, although decreased in median eminence.
Howeyver, in animals which received cadmium and mela-
tonin, glutamato content in mediobasal hypothalamus
and median eminence are similar to the observed levels
in the control group. These data suggest that melatonin
could have a protective role in cadmium effects on glu-
tamate.

doi:10.1016/j.toxlet.2006.06.171
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Subchronic effect of refractory ceramic fibres (man-
made vitreous fibres) on the selected inflammatory
and cytotoxic parameters of bronchoalveolar lavage
in rats

Marta Hurbankova, Silvia Cerna, Sona Wimmerova,
Margareta Sulcova

Slovak Medical University, Bratislava, Slovakia

Industrial fibrous dusts are applied in many industrial
branches and represent adverse factors in occupational
and environmental area. Refractory ceramic fibers
(RCFs) — amorphous alumina silicates — are used as
one kind of asbestos substitutes. Because RCFs are
relatively durable and some RCFs are respirable, they
may present a potential occupational and environmental
health hazard by inhalation. The aim of present work
was to find out the subchronic effect of RCFs on selected
parameters of bronchoalveolar lavage (BAL) in W-rats,
confirm the biopersistence of RCFs after 6 month
instillation and contribute to the understanding of the
pathomechanism of lung injury after fibrous dust expo-
sure. Wistar rats were intratracheally instilled with 4 mg/
animal of RCFs — exposed group and with 0.4 ml saline
solution/animal — control group. Animals were sacri-
ficed after 6-month exposure. Bronchoalveolar lavage
(BAL) was performed and selected BAL parameters
(mainly inflammatory and cytotoxic) were examined.
Following treatment with RCFs was observed: statisti-
cally significant increase of proportion of lymphocytes
and polymorphonuclears as well as percent of immature
alveolar macrophages (AM) and phagocytic activity
of AM; statistically significant decrease of viability
of AM and proportion of AM (from the differential
cell count) in comparison with the control group.
The results of this study indicated that RCFs even 6
months after intratracheal instillation very significantly
changed the majority of examined BAL parameters. The
presence of inflammatory and cytotoxic response in lung
may signalize beginning or developing process of injury.

The work was supported by Slovak APVT grant, Con-
tract No: APVT-21-011104.

doi:10.1016/j.toxlet.2006.06.172
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Within the process of cigarettes’ manufacturing, tobacco
paper thickness is controlled using closed radioactive
source, i.e. *°Sr. On that ground, the question of pos-
sible health impact of such an occupational exposure
was risen. According to the codes of practice exercised
within the radiation protection frame, all workers deal-
ing with °°Sr have been provided with personal film-
dosemeters, collected and read out in regular 3 month
intervals by an authorised institution. The workers in
question are also placed under regular medical surveil-
lance carried out by the local Occupational Medicine
Services. Since radioactive sources are also assumed
to have a certain genotoxic impact, such an assump-
tion was verified using single cell gel electrophoresis
(SCGE). The study embraced a total of 20 workers deal-
ing with S, out of which 12 males and 8 females, aged
39.6 years on the average (range 20-61 years), with an
average duration of employment of 20.3 years (range
3-38 years). Over the entire follow-up period, phys-
ical dosimetry unexceptionally revealed doses falling
bellow the detectibility range. Medical reports revealed
no clinically significant changes in overall health sta-
tus. SCGE revealed no signs of *’Sr genotoxicity (mean
tail length ranging from 10.37 to 15.85 um). Results
obtained by this survey provided no reason whatsoever to
believe that *°Sr, present in such an occupational setting,
poses as a health risk. However, constant ambient and
biomonitoring of the exposed personnel, and close obser-
vation of all the established codes of conduct regard-
ing radioactive sources, should not be neglected at any
time.

doi:10.1016/j.toxlet.2006.06.173
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Toxicity assay in repeated doses of Dermatophagoides
siboney and Blomia tropicalis allergens extracts in
Cenp:NMRI mice
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Allergen extracts are used for hyposensitiveness or
immunotherapy treatments, reducing significantly the
clinical symptoms of the disease. Because of its wide use
in immunoallergen therapy, and because of the impor-
tance of its use, the objective of this work is to evaluate
the Dermatophagoides siboney and Blomia tropicalis
allergens extracts for establishing the possible harmful,
functional and morphological effects that its repeated
subcutaneous administration to Cenp:NMRI mice could
bring about. In both assays there were established 2
experimental groups, a control and a treated group (20
animals each). Animals were daily observed to detect
toxicity signals. At the end of the assay, there were car-
ried out hematological and blood chemistry exams on all
animals, and anatomo-pathological examination. There
were not detected any significant variations neither in
corporal weight nor in water and food consumption, as
well as, neither it was shown any variation in the hema-
tology parameters. Statistical variations in the uric acid,
urea and glucose were observed, not being of biological
relevance. Anatomo-pathological results showed hemor-
rhagic and inflammatory lesions, which were observed
in both experimental groups. It could be concluded that
the used dose of 166.6 UB did not cause lethality or toxic
effects in the employed biomodel.

doi:10.1016/j.tox1et.2006.06.174
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Overexposure to sun radiation is widely accepted as the
underlying cause for adverse health effects on skin, eyes
and immune system. This is the reason of an overuse of
UV filters in different cosmetic products, particularly in
sun protection products. However, many of the common
used UV filters are known for their endocrine disruption
activity and sensitizing potential. Regulation measures
have been taken in regards to the possible health risk
of UV filters. The concentration of UV filters is strictly
determined by the European Directive (76/768/EEC) and
the harmonized Bulgarian legislation (Ord. No. 26/2001,
No. 36/2005). However, in Bulgaria, as in other coun-
tries, there are not validated methods for determination
of the concentration of UV filters in cosmetic products.

Aim: The aim of the study was to develop a method for
precise determination and control of the concentration of
UV filters used in different types of cosmetic products.

Materials: Three types of cosmetic products—day
cream, night cream and emulsion were assessed. The
products contained one of the UV filters: octylme-
toxycinnamate (UV-1) and 1-(4-tert-butylphenyl)-3-(-
metoxyphenyl)propane-1,3-dion (UV-2).

Methods: The new developed spectrophotometric
method is based on the ability of ethanol solutions of
the investigated UV filters to absorb ultraviolet radia-
tion with a definite wavelength. The value of the light
absorption at wavelength 308 nm is proportional to the
concentration of UV-1, and 357nm to UV-2, respec-
tively.

Results: The validated method covers the concentra-
tion range of 2.5-30 wg/cm? (1.25-15%) for both filters.
The limit of detection of the method is from 0.042% to
0.53% for UV-1 and 0.038% for the products contain-
ing UV-2. The limit of quantification is from 0.082%
to 0.60% for the three tested products containing UV-1
and 0.072% for UV-2. The recovery of products con-
taining 2% UV-1 is 90-95% and of those, containing
4-90-100%. The recovery of products containing 2%
UV-21is 80-93% and of those, containing 4% is 80-96%.
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Conclusion: The developed method allows precise
determination of the concentration of UV filters used
in different cosmetic products in market control. The
method will contribute to decrease the possible risk of
adverse effects due to the overuse of UV filters.

doi:10.1016/j.toxlet.2006.06.175
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Acute intoxication is clinical condition characterized by
the distress of one or more organs due to the toxin or its
metabolites. The aim of this study was to analyze retro-
spectively the frequency, causes and outcome of acute
intoxications in the Department of emergency medicine
and intensive care of the Clinical hospital center Zagreb
in the period of 2 years (2004 and 2005).

The study included patients referring to the Emer-
gency department (ED) for suspected voluntary or
accidental acute poisoning. The incidence of intoxi-
cations, toxic substances, and clinical outcome were
analyzed.

Out of 35513 patients admitted to the ED, 435 (1.2%)
patients, 213 (45%) were observed due to acute poison-
ing. The median age was 34 years (range 4-88 years).

Drugs were the most frequent toxic agent, detected
in 209 (48%) patients, whereas ethanol was the sec-
ond leading agent, found in 136 (31%) patients. Ten
(2.2%) patients ingested a combination of alcohol and
psychoactive drugs. In 36 (8.2%) of patients a history of
drug addiction was recognized. Most of them referred
for opiate intoxication (7.8%), one patient was admit-
ted for cocaine and one for amphetamine intoxication.
Mushrooms, carbon monoxide, corrosives and pesticides
were the less common toxic agents, detected in 6 (1.4%),
10(2.2%),9 (2.07%) and 1 (0.22%) patient, respectively.
In 18 patients (4.1%) the toxic agent could not be deter-
mined.

Suicidal attempt was the cause of intoxication in
102 (23.4%) patients, but the data about the reason for
intoxication were missing in about 40% of patients. The
incidence of suicidal attempts among acutely intoxicated
patients admitted to the intensive care unit (ICU) in the
year 2005 was as high as 70%, indicating that overall
incidence could also be higher.

Most of the patients (310, 71%) were treated in
ED and dismissed within 24 h. Seventy-four (17.01%)
patients required the admission to ICU; 43 (9.88%)
patients were admitted to the psychiatric ward and 5
(1.1%) to the internal medicine ward.

Seven patients (1.6%) died within 72 hours follow-
ing the admission to the ICU. The causes of death were
pneumonia and ARDS, following the ingestion of psy-
choactive drugs (1 patient) and corrosives (3 patients),
and coma following opiate intoxication (3).

Conclusion: Almost 50% of all intoxications were
drug intoxications, which indicates that prescription of
medication should be controlled more cautiously.

doi:10.1016/j.toxlet.2006.06.176

P2-36
Hemorrhagic complications in
use—Intoxication or hypersaturation?

warfarin

Marijana Grgic Medic, Marijan Merkler, Vladimir Gas-
parovic

Department of Internal Medicine, Division of Emer-
gency Medicine and Intensive Care, Clinical Hospital
Center Zagreb, Zagreb, Croatia

Many common cardiovascular disorders have a relation-
ship to thromboembolic diseases, including ischemic
heart disease, atrial fibrillation, valvular disease, and
atherosclerotic vascular disease, and usually require
antithrombotic therapy. Warfarin has been the standard
anticoagulant used in numerous clinical settings. The
major complication associated with the use of war-
farin is bleeding due to excess anticoagulation. Sev-
eral factors, such as age over 75 years, active cancer,
heart failure, liver disease or alcoholism as well as
concomitant use of drugs such as NSAID or antibi-
otics have been recognized as risk factors for warfarin
hyperanticoagulation.

The aim of the present study was to analyze the
patients admitted to emergency department (ED) for
hemorrhagic diathesis (bleeding and/or PV below the
therapeutic range) during warfarin therapy, in a period
of 1 year and to identify the possible risk factors for
hemorrhagic diathesis.

Totally, 19 patients with warfarin related hemor-
rhagic diathesis were identified. Their mean age was
70.44+11.2 years. The indication for warfarin treat-
ment was chronic atrial fibrillation (n=6), pulmonary
embolism (n=6), deep venous thrombosis (n=2), car-
diac valve replacement (n=3), cerebrovascular insuffi-
ciency (n=2). The duration of warfarin therapy prior to
the bleeding episode was in 13 patients (68.4%) over 1


dx.doi.org/10.1016/j.toxlet.2006.06.175
dx.doi.org/10.1016/j.toxlet.2006.06.176

S86 Abstracts / Toxicology Letters 164S (2006) S1-S324

year, without data of previous bleeding episodes or the
regularity of PV control.

The median PV at admittance was 0.05 (range
0.01-0.2). The most frequent symptoms were gas-
trointestinal bleeding (n=35, 26.3%), hemathuria (n =35,
21%), nose bleeding (n=3) hemathoma (n=1), and
hemoptoa (n=1). Four patients were asymptomatic and
low PV values were detected on regular blood controls.

In nine (47%) cases, active malignancy was regis-
tered. Four patients had chronic renal insufficiency and
three patients the acute urinary infection was present
prior to the onset of bleeding (all patients presented with
hemathuria).

The conditions significantly associated with warfarin
related hemorrhagic diathesis were age above 70 years
and active malignancy, which is in accordance with
the literature. The occurrence of anticoagulation dur-
ing infection, observed in three (15%) patients could
be explained by the concomitant use of antipiretics
(NSAID) or antibiotics.

Conclusion: Hemorrhagic complications in warfarin
use are not intoxication; therefore, the terms hypersatu-
ration or hyperanticoagulation should be used instead.

doi:10.1016/j.toxlet.2006.06.177

P2-37

Biochemical evaluation of the placental transfer of a
single oral dose of chlorpyrifos-methyl in pregnant
rats

EL-Hussein Naguib El-Khatib !, Alaa EI-Din Bayoumi

Abdel-Khalek 2, Zidan Hindy Abdel-Hamid?, Reem
Ziada'

' Mammalian Toxicology Department, Central Agricul-
tural Pesticides Laboratory, Giza, Egypt; > Department
of Plant Protection, Faculty of Agriculture, Ain Shams
University, Cairo, Egypt

Chlorpyrifos-methyl is a commonly used anti-
cholinesterase insecticide in Egypt, and therefore the
potential for human exposure is high. The placental
transfer of chlorpyrifos-methyl and its effects on certain
biochemical markers was studied in pregnant (at the
18th day of gestation) females of laboratory strain
white rats. Chlorpyrifos-methyl (1/10 or 1/30 of LD5g)
were given as a single oral dose. Pregnant females and
their corresponding fetuses were sacrificed after 10,
30min, 1, 3, 6, 12, 24 and 48 h. The obtained results
indicate that (1) chlorpyrifos-methyl was transferred
through the placental route and was able to produce a
significant decrease in the activity of brain and/or serum

ChE of pregnant dams and their foetuses. The effect
was dose and duration dependent. (2) Total glutathione
(GSH) content showed significant increase in dams and
foetuses liver, while significant decrease was observed
in the dams placental GSH. (3) Significant alterations
were observed in pregnant dams placenta and serum,
and in fetuses liver glutathione S-transferases (GST)
activity, such alterations were dose and time-dependent.
(4) Administration of chlorpyrifos-methyl to pregnant
dams produced a significant decrease in brain ATP-ases
activity, while their fetuses brain ATP-ases activities
were increased as an effect of the same treatment. The
present study suggests that pregnant females and their
corresponding fetuses may be at risk of significant
biochemical alterations following a single oral dose of
chlorpyrifos-methyl.

doi:10.1016/j.toxlet.2006.06.178

P2-38
Inflammatory effects of two quartz samples after
intratracheal instillation in a 90-day study with rats

0. Creutzenberg !, G. Oberdorster?, L. Coogan3, W.F.
Moll3, R. Hamilton?, C. Ziemann ', H. Muhle !

! Fraunhofer Institute of Toxicology and Experimen-
tal Medicine, Hannover, Germany, 2University of
Rochester, Rochester, NY, USA; 3 Sorptive Minerals
Institute, Washington, DC, USA; *Johns Manville
Corp., Technical Center, Littleton, CO, USA

Respirable crystalline silica was classified by IARC
(1997) as human carcinogen. However, as different poly-
morphs react differently in lungs, assays are needed
for differentiation. The objective of this 90-day study
was to characterize differences in biological activity
between two quartz species, ground quartz particles
(well-characterized Positive Control DQ12) versus a
quartz-containing material (geologically ancient Quartz
Isolate from bentonite). Total doses of 15.2 mg/kg body
weight of the Positive Control and Quartz Isolate were
administered to rats by intratracheal instillation. Con-
trols received saline only. Bronchoalveolar lavagate anal-
ysis showed that, relative to the controls, the total leuko-
cyte counts at 3 days were significantly elevated in both
the Quartz Isolate and Positive Control groups. At 28
and 90 days, the Quartz Isolate values were no longer
statistically different from the control values whereas
the corresponding Positive Control values were about 12
and 65 times greater than control values. At 3, 28 and 90
days, the percentages of polymorphonuclear neutrophils
(PMNs) were 18%, 25% and 32% for the Quartz Isolate
group and 39%, 45% and 46% for the Positive Control
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group, respectively. Histopathologically, the Quartz Iso-
late group showed moderate effects compared to controls
after 28 days with no progression of severity at 90 days.
In contrast, the Positive Control group exhibited more
severe effects at 28 days and a progression in intensity
at 90 days. In conclusion, in the Positive Control group,
a persistent inflammation (interstitial fibrosis, alveolar
lipoproteinosis) was observed.

Conclusions: (i) Controls did not induce lung inflam-
mation. (i) The Positive Control produced significant
and progressive lung inflammation. (iii) The Quartz
Isolate induced a significantly weaker inflammatory
response than the Positive Control (not progressive).
From a regulatory point of view, these substance-specific
toxicological effects of Quartz Isolate may need to be
considered for its classification.

doi:10.1016/j.toxlet.2006.06.179
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A new method for chronic measurement of respira-
tory function in the telemetered monkey

S. Milano, E. Chalencon, O. Boucheix, P. Lege,
K. Broudic-Labay

MDS Pharma Services, Lyon, France

In safety pharmacology studies, the assessment of the
respiratory function in the conscious, non-restraint large
animal species is extremely difficult to approach. An
attempt to measure the respiratory function in the
telemetered monkey by measuring pleural pressure was
recently developed by Murphy and co-workers.

In our hands, this method was not accurate enough to
quantify ventilatory changes, mainly because the ampli-
tude of the recorded pleural pressure was greatly influ-
enced by the posture of the animal.

Using a conventional electrophysiology approach, it
has been shown that the electromyographic activity of
the diaphragm is a very good index of tidal volume and
bronchoconstriction status, both in humans and animals.

In the monkey, we developed a method of measure-
ment of the respiratory function by the recording of
the diaphragm electromyogram using telemetry. Two
bio-potentials of a model TL11-M3-D70-CCTP radio
transmitter (Data Sciences International; USA) were
implanted into the costal part of the left diaphragm.
The electromyographic activity of the respiratory muscle
(EMG) was simultaneously recorded with ECG, blood
pressure and body temperature.

Intravenous administration of the respiratory depres-
sant morphine, respiratory excitant buspirone, exposure
to the respiratory stimulant hypercapnia and adminis-

tration of the bronchoconstrictive agent methacholine
verified that the diaphragmatic EMG is a suitable tool
for measuring the respiratory function in the telemetered
monkey.

doi:10.1016/j.toxlet.2006.06.180
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The effect of 90-day repeatedly intravenous injection
ginsenoside Rh; on serum total cholesterol, creatine
kinase and globin in beagle dogs

Zhifeng Liu, Chun Mei Li, Guishen Li, Dalei Li, Min
Li, Ke Liu

Yantai University, Yantai, Shandong province China

Ginsenoside Rh», a purified dammarane-type tetracyclic
triterpenoid soponin, was prepared from total saponins
of the leaf and stem of Panax ginseng and P. notgin-
sen by alkaline degradation. In our laboratory, we found
it exhibited anticancer effects both in vitro and in vivo,
which implicated its potential anti-tumour clinical poten-
tial. This study first clarified that the Rh, could increase
the levels of blood serum total cholesterol, creatine
kinase and globin, which were observed in the test of
its subchronic toxicity by 90 days intravenous injection
of beagle dogs. Results have shown that after 90 days
intravenous injection of Rhy, the blood serum creatine
kinase increased significantly in high dose group (HDG,
125 mg/kg) and middle dose group (MDG, 42 mg/kg),
and slight increase was also found after administered
the drug for 45 days, implicating that the increases are
time-dependent. On the 45th day and 90th day of the
drug administration, the blood serum total cholesterol
increased markedly in HDG and MDG; and the blood
serum total protein and globin increased in MDG and
low dose group (LDG, 14 mg/kg). After withdrawing
the drug for 28 days, the increased blood serum creatine
kinase and total cholesterol and globin recovery back to
the control level. No changes on levels of GLU, ALP,
TBIL, BUN, ALT, AST, y-GT, TG, Create on any dose
of drug treatment were observed on either the last day of
drug administration or 28 days after drug withdrawal.

doi:10.1016/j.toxlet.2006.06.181
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P2-41
Investigation of the cause of corneal opacities encoun-
tered in continuous IV infusion studies in rats

Sterenn Goubin, Lucie Reynaud, Fanny Bellebeau

MDS Drug Safety Assessment, Les Oncins, 69210 St.
Germain sur L’Arbresle, France

Corneal opacities, sometimes associated with neoves-
sels, have frequently been encountered in rats under
continuous IV infusion in our laboratories. The rats in
these studies are surgically implanted with indwelling
catheter in a femoral vein. The catheter is tunnelled sub-
cutaneously to exit in the intrascapular area and runs
through a tether system attached to a jacket worn by the
rat. The eye opacities usually appear a few days after
surgery and then worsen throughout the study. Several
investigations were undertaken to establish the cause of
these lesions. An initial study was performed to inves-
tigate the potential benefits of the use of an artificial
tear solution applied to the eyes during general anaes-
thesia. Six groups of rats were included in this study:
group 1 was an absolute control, group 2 was equipped
with an infusion jacket only, group 3 was anaesthetised
with isoflurane but not operated, group 4 was anaes-
thetised with isoflurane and received the artificial tear
solution, group 5 was anaesthetised and equipped with
a complete infusion system and group 6 was equipped
with a complete infusion system and received the artifi-
cial tear solution during anaesthesia. Corneal opacities,
associated or not with neovessels, were noted only in
the animals equipped with a jacket (groups 2, 5 and 6).
The artificial tear solution did not reduce the incidence
and severity of the ocular lesions. In fact, the incidence
was higher in the group receiving the solution. A second
experiment was performed to compare the effects of a
Spandex infusion jacket (Lomir) with a silicone rubber
harness (Covance). The harness induced less severe ocu-
lar lesions than the jacket, but unfortunately resulted in
superficial sores in the axilla region of some rats. A third
study investigated the benefits of an alternative system
of catheter routing using a tail cuff in comparison with
the Spandex jacket. The tail cuff did not induce corneal
opacities, but did result in slight swelling and sores on the
tail. Some refinement is still necessary, but the tail cuff
method of tether attachment appears to present several
advantages over current methods for deep IV infusion in
the rat.

doi:10.1016/j.toxlet.2006.06.182
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Altered penetration of polyethylene glycols into com-
promised skin

Ivone Jakasa, Maarten Verberk, Sanja Kezic

Coronel Institute of Occupational Health, Academic
Medical Center, University of Amsterdam, P.O. Box
22700, 1100 DD Amsterdam, The Netherlands

The human skin acts as an important, but only partial
barrier to exogenous compounds. Most of the available
skin permeability data are from normal intact human and
animal skin. Data on permeability of chemicals in the
compromised skin, in particular in humans in vivo, are
scarce.

The objective of this study was to investigate the
differences in percutaneous penetration of polyethylene
glycols (PEG) in subjects with normal and compromised
skin in relation to molecular weight (MW). Two models
of compromised skin were investigated: skin damaged
with detergent sodium lauryl sulphate (SLS) and skin of
patients with atopic dermatitis (AD).

Twenty healthy subjects and 20 AD patients were
exposed on the volar forearm to PEGs (MW of
150-590 Da) for 6 h. After the end of exposure the stra-
tum corneum (SC) was totally removed by means of tape
stripping and the concentration of PEGs were determined
in each strip. Using the solution to the Fick’s second law
of diffusion the penetration parameters were deduced.

The diffusion of PEGs decreased with the increas-
ing MW in normal skin, skin of AD patients and SLS
compromised skin. Both models of compromised skin
showed increased diffusion of PEGs compared to con-
trols. The partition coefficient showed no MW depen-
dence in normal and AD skin; however, in the skin com-
promised by SLS the partitioning showed unexplained
increase with increasing MW.

The studies on percutaneous penetration of PEGs
demonstrated altered skin barrier in SLS compromised
skin and in the skin of AD patients which was visibly not
affected by disease. Compromised skin showed not only
increases absorption, but facilitated entrance of larger
molecules which normally would not be able to pass
through the skin. Since a compromised skin barrier due
to environmental damage or skin disease is not uncom-
mon, when evaluating the health risk associated with
skin exposure, penetration of higher molecular weight
compounds should be considered.

doi:10.1016/j.toxlet.2006.06.183
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Epidemiology of acute pesticide poisoning admitted
in ICU II Toxicology—Emergency Clinical Hospital
Bucharest between 1997 and 2005

Radu Alexandru Macovei, Ilenuta Danescu, Mihail S.
Tudosie, Victor A. Voicu

ICU 1I Toxicology, Emergency Clinical Hospital
Bucharest, Romania

Objective: Acute pesticide poisoning, a medical emer-
gency requiring prompt treatment, is a common problem
in our country due to widespread use of these com-
pounds. We present an epidemiological profile of acute
pesticide poisoning admitted in our department between
1997 and 2005.

Methods: We retrospectively analyzed the records of
pesticide poisoning admitted in ICU Toxicology.

Results: During 9 years, 818 cases of acute pesticide
poisoning were recorded. The frequency in total poi-
soning was: 1997—3.13% (106 cases), 1998—4.05%
(126), 1999—3.31% (89), 2000—4.80% (118),
2001—5.03% (107), 2002—3.98% (84), 2003—4.93%
(74), 2004—4.38% (58), 2005—4.98% (56). The most
common occupations were associated with agriculture.
The seasonal distribution peaked in spring and autumn
months. In most cases oral ingestions was reported.
The majority (86%) was suicide attempts and the
remaining (14%) was accidental exposures. The most
frequent implicated was 21-30 year group for both
males and females. Of the patients studied, 49.27%
was females and 50.73% males. The products involved
were: organophosphates 42%, carbamates 30%, other
insecticides and herbicides 18%, rodenticides 8%. In
76% of admitted patients were severe symptoms (coma
46%, respiratory failure 42%, cardiac troubles 18%).
46% underwent mechanical ventilation. 62% received
atropine, 40% received fresh frozen plasma, 8% received
cholinesterase reactivators. Blood pseudocholinesterase
measurements were regularly performed. The mortality
was 4% in the total of poisonings, through cardiac
arrhythmias and respiratory disturbances, higher in
males group and in the patients with associate morbidi-
ties. All patients with suicide attempts were referred to
a psychiatry specialist.

Conclusions: The acute pesticide poisoning counts
for 4.12% in the total number of poisoning admitted in
our department. The number of patients decreased in the
last years because the legal measures of availability of
these products and the use of more non-toxic substances.
Most of the cases admitted were suicidal with oral route
of exposure and in severe condition. Organophosphates

show a higher proportion of severe and fatal cases. To
decrease the morbidity and mortality through pesticide
poisoning, it is needed a more severe control of the sale
and use of these products.

doi:10.1016/j.toxlet.2006.06.184
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Acute myocardial infarction in a patient using bupro-
pion to aid smoking cessation

Yuksel Gokel, Akkan Avci, Mehmet Kanadasi

Cukurova University School of Medicine, Balcali, Dana,
Turkey

Bupropion is a new monocyclic antidepressant that has
seen increased usage in smoking cessation. Bupropion
has cardiovascular, neurologic, and gastrointestinal tox-
icity. The case is reported of a patient who had been
using bupropion to aid smoking cessation. The patient
suffered from chest pain, pruritus, and rashes. Electrocar-
diographic examination revealed ST segment elevation
in DI, V5, and V6 leads. Cardiac enzymes, CK-MB and
Troponin T levels are elevated. The patient was con-
sidered as acute myocardial infacrtion. This case is the
second case of acute myocardial infarction in a patient
using bupropion to aid smoking cessation.

doi:10.1016/j.toxlet.2006.06.185
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Therapeutic effect of bis-pyridinium oximes against
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Organophosphorus compounds are widely used as pesti-
cides and unfortunately as nerve agents in chemical war-
fare. They are known inhibitors of acetylcholinesterase
(AChE, EC 3.1.1.7) an enzyme that hydrolysis the
neurotransmitter acetylcholine in the nervous system.
The clinical signs of AChE inhibition manifest as
hypersalivation, lacrimation, diarrhoea, tremor, respira-
tory distress, convulsion and seizures. Signs are dose-
dependent, leading to severe incapacitation and rapid
death. Together with atropine, pyridinium oximes are
known to be successfully used to treat poisoning with
many organophosphorus compounds.

In this paper three new bis-pyridinium com-
pounds: K033 [1,4-bis (2-hydroxyiminomethylpyri-
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dinim) butane dibromide], K027 [1,4-hydroksyimino-
methylpyridinium)-3-(4-carbamoylpyridinium)  pro-
pane dibromide], K048 [I-(4-hydroxyiminomethyl-
pyridinium)-4-(4-carbamoylpyridinium) butane dibro-
mide] were tested as potential antidotes in tabun
poisoned mice. Their antidotal effect was compared
with TMB-4 [1,3-bis (4-hydrxyiminomethylpyridinium)
propane dibromide], which is the best-known antidote
in tabun poisoning.

In all experiments, oxime K033 in doses of 1/4 or 5%
of its LD5( was used for the pre-treatment 15 min before
tabun-intoxication. Also, one or 5 min after tabun appli-
cation experimental animals received oxime K027, K033
or K048 (5% or 1/4 of its LDsg) plus atropine sulphate
as therapy. The antidotal efficacy of tested compounds
was expressed as therapeutic factor (TF) and therapeu-
tic dose (TD). Under same experimental conditions, our
experiment selected compound K048 as the most pro-
tector/reactivator of tabun inhibited AChE. Namely, this
study has shown that the therapeutic regimen consisting
of K033 as preatretment and 1/4 of LDs5y of K048 plus
atropine as treatment had the highest TF and TD. The
TF was 13.3 LDsg of tabun; TD was 10 LD5q of tabun
and insurance survival of all tested animals.

In conclusion, treatment with these new bis-
pyridinium oximes seems to be a very good alternative
for current treatment in tabun poisoning. For this rea-
son, these and other similar compounds require further
investigation.

doi:10.1016/j.toxlet.2006.06.186
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Pickling is a process for the removal of a scale, oxides, or
other impurities from a metal surface by immersion in an
inorganic acid, usually sulfuric acid, hydrochloric acid,
nitric, hydrofluoric, or phosphoric acid. This research
aims at environmental assessment, health survey and bio-
logical monitoring of metals for workers engaged in the
process of metal pickling in steel industry. Our study
design is an interventional study that includes environ-
mental assessment of the work place for hydrochloric
acid and chlorine gas, clinical evaluation, ECG, ventila-
tory functions and biological measurements of metals

(Ca, Pb, Cd, Cu and Mn). We suggested ventilation
means to ameliorate workplace conditions. Reassess-
ment of air quality is tested. Very high environmental
measures of HCL and Cl, were found in metal pickling
ward that responded dramatically to enhanced exhaust
ventilation means (P <0.01). Metal screening revealed
low mean value of calcium both total and ionized lev-
els, 15 cases of high Pb, 3 cases of high Cd and 3
cases with high Cu. We concluded that environmental
and engineering control measures besides the use of per-
sonal protective equipment are important in minimizing
exposure hazards. Exposure to metals leached from steel
surfaces during pickling is a great hazard affecting the
level of body trace elements. We recommend enhancing
the ventilation and the use of personal protective equip-
ment (PPE). Raising the awareness of all workers about
the importance of use of PPE is mandatory.

doi:10.1016/j.tox1et.2006.06.187
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Investigation of blood toxicity in association with
aescin (the horse chestnut seed extract)
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dong Province 264003, China; > Shandong Engineering
Research Center for Natural Drugs, Yantai Shandong
Province 264005, China

Object: To investigate the blood toxicity of aescin and
evaluate its safety in SD rat.

Methods: SD rats were treated with different doses
of aescin (15, 10 and 5 mg/kg, i.p.) once time per day
for 7 days. Hematology indices (white blood cell, red
blood cell, platelet and hemoglobin) and blood coagu-
lation indices (Prothrombin time, Thrombin time, acti-
vated part thromboplastin and coagulation time) were
selected as observational indices.

Results: Comparing with the control, rats treated with
aescin, the number of white blood cell was obviously
decreased (p <0.05, <0.01), the number of red blood cell
and platelet, and the content of hemoglobin enhanced
markedly (p<0.05, <0.01). At the same time, all the
blood coagulation indices in rats treated with aescin 10
and 15 mg/kg shortened significantly (p <0.05, <0.01),
and rats treated with 5 mg/kg, Prothrombin time and
Thrombin time were evidently reduced (p <0.05, <0.01).

Conclusion: There was significant blood toxicity to
SD rats treated with high dose of aescin.

doi:10.1016/j.toxlet.2006.06.188
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Influence of the timely quantitative analysis in ethy-
lene glycol or methanol suspected poisonings

Andrea Giampreti, Davide Lonati, Valeri Petrolini,
Raffaela Butera, Carlo Locatelli, Luigi Manzo

Poison Centre and National Toxicology Information
Centre, Toxicology Unit, IRCCS Maugeri Foundation
and University of Pavia, Italy

Background: Guidelines for ethylene glycol (EG) and
methanol (M) poisoning suggest that antidotic treatment
should be based on history, serum EG/M levels, osmo-
lar gap and metabolic acidosis. In Italy, EG/M analysis
is performed on 24 h/day only in two laboratories, and
measured osmolality (freezing point depression) is not
at all available in emergency services.

Objective: To evaluate retrospectively the influence
on confirmation/exclusion of poisoning of the quanti-
tative EG/M serum analysis in two groups of patients
(group 1, mild to moderate risk and no antidotic treat-
ment; group 2, severe risk and antidotic treatment) with
suspected EG/M poisoning.

Methods: All potentially poisoned cases of EG/M
exposure referred to Pavia Poison Center during 2 years
were reviewed. Patients were evaluated for: history (the
main criterion used to start antidotic treatment), clin-
ical presentation, metabolic acidosis, antidotic treat-
ment, serum EG/M levels, time to obtain analytical
result.

Results: Between 63 cases of EG/M suspected expo-
sure, 38 patients had a history and/or signs/symptoms
consistent with a potentially toxic exposure. All patients
underwent gastrointestinal decontamination; osmolal
gap was never available. In group 1 (23/38; 61%)
none showed metabolic abnormalities (amount ingested
0.5 £ 0.4 ml/kg); only for six patients serum EG/M lev-
els were available (within 4.44+1.1h) and returned
<20mg/dl. In group 2 (15/38; 39%) clinical find-
ings were highly suggestive for severe EG/M poi-
soning requiring antidotic treatment (amount ingested
1.2+ 1.0ml/kg): EG/M levels obtained 14.2+18.5h
after sampling allowed discontinuation of treatment in
10 cases while confirmed it in 5 patients.

Conclusion: The unavailability of timely EG/M test-
ing may lead to unnecessary treatment in a consider-
able proportion of cases. However, significant delays
in antidotic treatment can occur if therapy is withheld
until toxicological analysis is obtained. The availabil-
ity of timely EG/M testing may permit to differen-
tiate patients with or without toxic exposure and to
identify cases in which hospitalization, specific mon-

itoring (metabolic acidosis) and antidotic therapy is
needed.

doi:10.1016/j.toxlet.2006.06.189
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Amatoxin poisoning: Evaluation of N-acetylcysteine,
forced diuresis and multiple doses activated charcoal
combined regimen in 54 patients

Carlo Locatelli, A Giampreti, Davide Lonati, Valeria
Petrolini, Raffaela Butera, Luigi Manzo
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Centre, Toxicology Unit, IRCCS Maugeri Foundation
and University of Pavia, Italy

Background: The interest of N-acetylcysteine (NAC) in
amatoxin poisoning has been documented in previous
clinical studies although results from experimental mod-
els are conflicting.

Objective: To describe the outcome of a prospective
cohort of amatoxin poisoned patients treated with NAC
as monochemotherapy, associated to forced diuresis and
activated charcoal intestinal dialysis.

Methods: Consecutive cases of confirmed amatoxin
poisoning observed from 2002 to 2003 were eligible for
the study. Patients were included if they were treated
according to a therapeutic protocol consisting, apart from
general supportive care, of (i) gastrointestinal decontam-
ination, (i) multiple dose activated charcoal, (iii) forced
diuresis until negative urinary amanitin levels, and (iv)
acetylcysteine 150 mg/kg followed by 300 mg/kg/day at
least until the third day after mushroom ingestion in
patients without hepatitis and as long as AST values are
<200 UI/1 in patients with hepatic damage.

Results: Among 56 eligible cases, 2 were excluded.
Fifty-four patients (53.0+ 18 years) were studied.
NAC was started 36.2+ 17.0h after poisoning (range
14-80h). Twenty-five patients (25/54, 46%) did not
develop liver damage; in 13 patients (13/54, 24%),
serum transaminases peak values were <2000 UI; in the
remaining 16 patients (16/54, 30%), severe liver damage
occurred. The mortality rate was 2% (1/54) in the entire
case series, and 6% (1/16) in the group of patients with
severe liver damage.

Conclusion: The observed mortality rate was lower
than in published case series (10-30%) in which NAC
was not used; this is confirmed even when subgroups
of severe patients are compared. However, the improve-
ment over time in general management should be con-
sidered too. In amatoxin poisoning NAC may favorably
act as GSH precursor: preclinical in vitro and in vivo
studies documented a reduction in cellular GSH content
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after amatoxin exposure. Moreover, indirect evidences
including interactions among alpha-amanitin, TNF and
NAC, and NAC effectiveness in fulminant hepatic fail-
ure, support the use of NAC in this poisoning.

doi:10.1016/j.toxlet.2006.06.190

P2-50
Clinical gradation and overall management of 80
viper bitten patients in Italy

Andrea Giampreti, Davide Lonati, Carlo Locatelli,
Raffaela Butera, Valeria Petrolini, Luigi Manzo

Poison Centre and National Toxicology Information
Centre, Toxicology Unit, IRCCS Maugeri Foundation
and University of Pavia, Italy

Objective: To describe clinical course of Vipera enveno-
mated patients in order to identify a correlation between
clinical gradation and evolution after viper bite.

Methods: A retrospective analysis of all cases of viper
bite referred to Pavia Poison Center over a period of one
year was performed. Patients were evaluated for: time of
presentation after bite, clinical gradation according with
severity of local and systemic manifestations, clinical
evolution and overall management. Severity of envenom-
ing was assessed on admission using a validated Grading
Severity Score (GSS).

Results: Eighty patients aging from 3 to 80 years
old were included in the study, 18 patients were lost
during follow-up. Forty-five (45/80; 57%) patients pre-
sented at a first evaluation with only fang marks (GSS
0); 29 (29/80; 36%) patients had also local edema (GSS
1); 5 (5/80; 7%) patients presented regional edema and
(2/5) systemic (vomiting, diarrhea, diplopia, hypoten-
sion) manifestations (GSS 2); one fatal case was reported
(1/80; 1.3%). Between patients with GSS 0, 5/45 (11%)
evolved in local signs, and one presented also a sys-
temic effect requiring antidotic treatment; dry bite was
assessed in 30/45 patients (67%). Twenty patients with
GSS 1 (20/29; 69%) developed worsening of local
edema, 5/29 cases (17%) presented also systemic symp-
toms, 4/29 (14%) needed antidotic treatment. Four/five
patients with GSS 2 (80%) evolved in severity of
local and systemic symptoms; 3/5 were treated with
antivenom. Time of presentation after bite in patients
with GSS 0, 1 and 2 ranged from 30 min to 7 h, from
30 min to 6 h and from 3 to 12 h, respectively. Worsen-
ing of clinical picture was observed in 11% of GSS 0
patients and in 69% of GSS 1 patients during the first
12 h; the severity of envenomation increased in 80% of
GSS 2 patients during the following 24 h.

Conclusions: Viper envenomation is a potentially
serious event that requires immediate hospital care.
Patients also with low GSS at presentation have anot neg-
ligible chance of clinical worsening in following hours
after viper bite. An observation of at least 12 h is advis-
able for a correct management in all cases of viper bitten
patient.

doi:10.1016/j.toxlet.2006.06.191

P2-51
Anti-tubercular drug-induced hepatotoxicity in HIV-
positive and negative patients

G. Yimer'3, A. Aseffa!, E. Aklillu’, E. Makonnen?,
W. Amogne3, K. Bobosha!, K. Golka?2, A. Rane’, L.
Lindquist*, G. Aderaye?

' Armauer Hansen Research Institute, Addis Ababa,
Ethiopia;  * Institute of Occupational Physiology,
University of Dortmund, Germany; 3 Addis Ababa
University, Medical Faculty, Addis Ababa, Ethiopia;
4 Department of Internal medicine, Infectious Disease
Unit, Karolinska Institute, Sweden; > Department of
Clinical Pharmacology, Karolinska Institute, Sweden

Objective: To assess and compare the prevalence, sever-
ity and prognosis of anti-TB drug induced hepatotoxicity
(DIH) in HIV-positive and negative tuberculosis (TB)
patients in Ethiopia.

Design: In this study, 103 HIV-positive and 94 HIV-
negative TB patients were enrolled. All patients were
evaluated for different risk factors and monitored bio-
chemically and clinically for development of DIH.

Results: Biochemical hepatotoxicity was observed
in 17.3% of the patients and 8 out of the 197 (4.1%)
developed clinical hepatotoxicity. Seven of the eight
were HIV-positive and two for HBsAg. Biochemi-
cal hepatotoxicity was significantly associated with
HIV co-infection (p=0.002), concomitant drug intake
(»p=0.008), decrease in CD4 count (p=0.001), and
being rapid acetylator (p =0.026). Clinical hepatotoxi-
city is also significantly associated with being female
(p=0.027), HIV co-infection (p =0.043), concomitant
drug intake (p = 0.003), HBsAg (p =0.046), and decrease
in CD4 count (p =0.025). However, hepatotoxicity was
observed to have no significant association with alcohol
intake, age, body mass index, and type of TB.

Conclusion: We conclude that anti-TB DIH is a major
problem in the management of tuberculosis and there is
a need for a regular biochemical and clinical follow up
for those patients who are at risk.

doi:10.1016/j.toxlet.2006.06.192
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P2-52
Emergency hemodialysis in the management of intox-
ication

Salim Satar, Nezihat Rana Alpay, Ahmet Sebe, Yuksel
Gokel

Cukurova University School of Medicine, Balcali, Dana,
Turkey

Management of intoxicated patients has many aspects
in a wide spectrum; beginning with decontamination
processes and basic supportive care. The most logical
therapeutic approach is probably the specific antidotes,
when available and/or applicable. On the other hand,
many chemicals and drugs, can be removed from the
body by means of hemodialysis or hemoperfusion while
treating vital sign abnormalities and electrolyte and acid-
base disturbances of the patient.

In this paper, we described 11 cases of intoxication;
6 with methyl alcohol, 3 with lithium and 2 with sal-
icylate, admitted to emergency department and treated
with hemodialysis between January 1,2002, and Decem-
ber 31, 2004. We reviewed their medical charts and
detailed demographic data, medical history, type of
exposure, clinical and laboratory presentations, duration
of hemodialysis performed and the outcome.

doi:10.1016/j.toxlet.2006.06.193

P2-53
Ingestion of caustic substances by adults

Salim Satar, Metin Topal, Nalan Kozaci

Cukurova University School of Medicine, Balcali, Dana,
Turkey

Caustic products are responsible for the most serious
cases of poisoning, which are always emergency cases.
In this paper, we review demographic features and
endoscopic results of the patients admitted to a uni-
versity emergency department with a history of caus-
tic substance ingestion between January 2000 and June
2003. Thirty-seven patients were included in this study.
Twenty-one of the patients were female and 16 were
male. The mean age of the patients was 30.9 £ 14.7
years. The agents included sodium hypochlorite in 24
patients and hydrochloric acid in 13 patients. All the
patients ingested these agents orally. The mean interval
time of admission to emergency department after inges-
tion of caustic agent was 5.4+ 5.6h. Endoscopy was
attempted in 37 patients. Endoscopic results were as fol-
lows: grade 0in 8 (21.6%) patients, grade 1 in 17 (45.9%)
patients, grade 2a in 5 (13.5%) patients, and grade 2b

in 7 (18.9%) patients. We believe that early signs and
symptoms after caustic substance ingestion are not con-
sistent with the extent of damage, and endoscopy is the
only reliable method to assess injury. It is important that
efforts should be made to educate the public about the
dangers of caustic substances so that their threat may be
diminished.

doi:10.1016/j.toxlet.2006.06.194

P2-54
Elimination of heavy metals intoxication sequential
micronutrition

M. Lugand Bourgeois, A. Cornely

Bioresearch and Partners, Route de [’lle au Bois, 1870
Monthey (CH), Switzerland

By restoring homeostasis through the use of a nutri-
tional new way, Bioresearch and Partners is to make a
major contribution for the management of metal-induced
toxicities, should they be punctual or chronic. The stud-
ied population focused on patients suffering from heavy
metal-induced pathology. At the beginning and during
the nutrition intervention period, patients were moni-
tored for several other patho-physiological and psycho-
somatic symptoms as well as for blood hypersensitivity
to metals.

Method study: Six-month open trial.

Inclusion: Twenty-six patients (18-75) with signifi-
cant metal-induced symptoms: MELISA positive (Hg,
Al, Ni, Au, Cd, Pd, Sn) blood test measuring hyper-
sensitivity to metals that works by placing a range of
metals into contact with T lymphocytes and monitoring
the reaction as well as for several patho-physiological
and psychosomatic symptoms fatigue, pain and inflam-
matory symptoms. Six capsules per day.

Monitoring 3—6 months: Patient patho-physiological
and psychosomatic symptoms, MELISA test.

Result: Between 3 and 6 months, patients recorded a
significant improvement in their pathological symptoms.

At 6 months:

Fatigue (75% of the patients before treatment): 90%
reported significant reduction in asthenia.
Gastro-intestinal symptoms (50% of the patients before
treatment) symptoms disappeared in 70% of the patient
population.
Rhumatoid pain (60% of the patients before treatment)
symptoms disappeared in 50% of the patient population
- Stimulation of T lymphocytes by Hg, Pd, Al, Sn, and
Au, in the MELISA assay, returned to normal values
in all patients after 6 months (Ni and Cd: 12 months).
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Conclusion: Elimination of symptoms and normali-
sation of the MELISA test (lymphocytes reaction) offer
a satisfactory response to the required therapeutic aims
in a population presenting intoxication to heavy metals
that can be used in monotherapy or in combination with
other metal elimination approaches.

doi:10.1016/j.tox1et.2006.06.195

P2-55
Skin irritation by kerosine

Chantal J.G.M. Smulders, Peter J. Boogaard

Shell Health Services, Shell International B.V., The
Hague, The Netherlands

Kerosine is a middle distillate with carbon numbers rang-
ing from C9 to C16 and boiling from 145 to 300 °C.
Kerosines are complex mixtures of many thousands of
individual hydrocarbons. The analytical data that do exist
show that the major components of all kerosines are
branched and straight chain paraffins and naphthenes
(cycloparaffins). Aromatic hydrocarbons, mainly alkyl-
benzenes and alkylnaphthalenes only comprise a minor
part of kerosine streams. The predominant use of kero-
sine in Europe is as aviation jet fuel for civilian (Jet A-1)
and military (JP-8) aircraft.

Human studies and case reports as well as animal
studies show that kerosine may act as a skin irritant. The
degree of irritancy is preparation-, dose- and exposure-
time dependent and symptoms range from very faint
erythema to severe irritation in humans. Since primary
irritation appears to be one of the key effects in the tox-
icity of kerosines and jet fuels, the mechanisms of the
irritation and the following inflammatory reaction have
been studied extensively. The aim of this study is to gain
insight in the factors determining the degree of irritation.

It has been hypothesised that the degree of irritation
depends on the irritant properties and absorption kinetics
of the individual compounds in kerosine.

Dermal application of kerosine or jet fuel generally
shows that the aromatics and aliphatics are well absorbed
into the skin. Subsequently, the aromatics penetrate the
skin at a higher rate than the alkanes. The flux of the
kerosine components through the skin depends on the
lipophilicity and the molecular weight of the kerosine
component. It is shown that the steady state flux of
the components was proportional to their concentration.
However, it is evident that, although many kerosine com-
ponents will be absorbed into the skin, not all kerosine
components will actually permeate the skin.

One study investigated the kinetics, irritant proper-
ties and the effect on biomarkers of inflammation of

paraffinic kerosine constituents. The results show that the
degree of irritation and the ability to activate biomark-
ers of inflammation depends on the number of carbon
atoms. However, the constituent with the higher dermal
permeation and retention produced less irritation. The
combined results from different studies suggest that the
irritant properties of kerosine not only depend on the con-
centration and kinetics of the constituents, but also on the
specific structural configuration of the constituents.

doi:10.1016/j.toxlet.2006.06.196
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Conjunctival dichlorvos poisoning

Ahmet Sebe!l, Salim  Satar!, Zikret
Hasan Yesilagac !

Koseoglu 2

! Cukurova University School of Medicine, Department
of Emergency Medicine Balcali, Adana, Turkey; > Adana
Numune Research and Education Hospital, Emergency
Department Adana, Turkey

Organophosphates (OP) are toxic substances that fre-
quently cause poisoning in humans. Worldwide, 3 mil-
lion cases of acute, severe pesticide poisoning are
reported each year, resulting in 220,000 deaths. In
Turkey, more than 200 chemicals are registered as pes-
ticides. Among these, OPs are the more important and
most widely used group in our country.

OP compounds are cholinesterase inhibiting com-
pounds that produce serious human toxicity. Clinical
manifestations depend on type of the agent, its concen-
tration and the degree of exposure. The route of exposure
in organophosphate poisoning varies. These compounds
caused poisoning by oral, dermal, parenteral, conjunc-
tival, gastrointestinal, and respiratory routes. However,
there are few reports in the literature with conjunctival
route. In this paper, we reported a case of severe intoxica-
tion from dichlorvos by conjunctival route, accidentally
who is treated successfully.

doi:10.1016/j.tox1et.2006.06.197
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P2-57
Ratliver and kidney pools of free amino acids in norm
and with different doses of pyrazinamide

Larysa B. Bondarenko, Natalia A. Saprykina, Valentina
M. Kovalenko

Institute of Pharmacology and Toxicology Academy of
Medical Science of Ukraine, Ukraine

At present, in view of tuberculosis caused morbidity
growth in the whole world, problem of its chemotherapy
schemes optimization with simultaneous minimization
of antibacterial drugs prolonged introduction negative
functional and biochemical consequences is very acute.
One of the sensing parameters of early complex estima-
tion of metabolic processes disturbances in tissues and
organs is the pool of free amino acids.

The aim of this work was investigation of rat liver
and kidney pools of free amino acids in norm and with
introduction different doses of pyrazinamide.

Experiments were carried out on Wistar male rat
(160-200 g of body weight). Pyrazinamide (1000 and
2000 mg/kg of body weight) was introduced per os dur-
ing 60 days. The contents of free amino acids were deter-
mined on the amino acid analyzer AAA-881 (Czechia).

Rat liver and kidney pools of free amino acids
changes investigation allowed getting complex evalua-
tion of pyrazinamide effects on amino acids, proteins,
nucleotides, nucleic acids and energy metabolisms in
these organs. In liver dose 1000 mg/kg of body weight of
pyrazinamide caused maximal quantity of these parame-
ters changes. Part of them could be considered as a result
of organism’s compensatory answer to xenobiotic intro-
duction. Pyrazinamide dose increasing to 2000 mg/kg
of body weight resulted to exhaustion of organism’s
adaptive abilities. In kidney under the effect of pyraz-
inamide there were dose dependent changes in pools,
which could be considered as evidence of this compound
specific effect first of all on processes of amino acids
reabsorption, nitrogen-containing compounds transfor-
mations and energy metabolism.

The detected changes in pools of free amino acids
at pyrazinamide different doses introduction can serve
complementary criterion of estimation of both organ-
ism’s internal reserves, degree of metabolism disinte-
gration under the influence of xenobiotic and adaptive
abilities of target organs and organism as a whole.

doi:10.1016/j.toxlet.2006.06.198

P2-58
Use of prazosin in the treatment of scorpion enveno-
mation: A case report’™

Zikret Koseoglu

Adana Numune Education and Research Hospital Emer-
gency Department, Turkey

Although scorpion bite is usually lethal in children
under 6, sometimes it might cause death for those over
6. Acute lethal systemic seizures (cardiovascular and
central nervous systems) have been frequently reported
from the countryside of developing countries. Numerous
researchers have suggested quite different approaches to
the treatment of scorpion bites. In this report, we describe
a case brought to the emergency service after the patient
had been bitten by a scorpion and had significant sympa-
thetic nervous system symptoms. The patient was treated
with prazosin successfully.

* This paper has been accepted for publication in
American Journal of Therapeutics.

doi:10.1016/j.tox1et.2006.06.199

P2-59
Validation of GC/MS method for analysis of
methadone in human urine

Sanja Mandic, Vesna Horvat, Dario Mandic, Zeljko
Debeljak, Neda Majetic-Cetina

Institute of Public Health, Osijek, Croatia

A fast method for qualitative analysis of methadone
in human urine using gas chromatography—mass spec-
trometry (GC-MS) is described. Urine samples were
extracted by liquid-liquid extraction using Toxi-tubes
A, and were not derivatized. Limit of detection was
25ng/ml. Method performance in terms of recovery,
repeatability and intermediate precision was studied and
found to be acceptable for clinical analysis of methadone.

doi:10.1016/j.toxlet.2006.06.200

P2-60
Effect of halothane anesthesia on canine BUN and
creatinin

Siavash Sharifi !, Ahmadreza Mohamadnia!, Mehrdad
Pourjafar 1, Amin Derakhshanfar 2

! Shahrekord University, Saharekord, Iran; 2 Shahid
bahonar University of Kerman

Inhalant anesthetics are widely used for producing gen-
eral anaesthesia. Inorganic fluoride is a common metabo-
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lite of halogenated inhalation anesthetics produce renal
toxocity in mice, rats, guinea pigs, dogs, and human.

Fifteen healthy dogs (20.1 £1.2 live body weight)
were anesthetised. Dogs were randomly assigned to
three experimental groups (groups A, B and C) for 1,
3 and 5 h of anaesthesia with halothane (5 dog/group),
respectively. All anesthesia were repeated in the same
group every 48 h as totally three anesthesia (D1, D2 and
D3) were performed in each group. Prior to anaesthe-
sia, cephalic vein was catheterized for subsequent fluid
administration and venous blood sampling. For induc-
tion of anaesthesia, halothane in 100% oxygen (4 L/min)
was delivered via a fitted facemask. The concentration
of halothane was gradually increased (0.5% every 30s)
until a vaporizer setting of 4% was reached. Intubated
animals connected to a rebreathing system and a medium
plane of anaesthesia, as determined by palpebral and
pedal reflexes, was maintained with halothane (1-1.2%)
in oxygen (1.5 L/min).

Venous blood samples were obtained before (time 0)
and 1, 3, 5 and 24 h after induction of anaesthesia. Serum
BUN and creatinin concentration was measured by bio-
chemical spectrophotometric method.

No significant differences were observed in serum
BUN and creatinin concentration in group A, in different
sampling times compared with time 0 during study.

In group B, serum BUN and creatinin were increased
3-24h compared to time O in third anesthesia (D3)
(P<0.05).

In group C, serum BUN and creatinin were increased
five hours after anesthesia in D2 and 3-24 h after anes-
thesia in D3 (P <0.05).

In our study, serum BUN and creatinin increased fol-
lowing 3 and 5h of halothane anaesthesia, compared
with baseline values in secound and third anesthesia.
This suggests that repeated halothane anaesthesia within
a long period has significant effects on the extent of
halothane metabolism in dog and delivery inorganic
flourid produce renal toxicity.

doi:10.1016/j.toxlet.2006.06.201
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Formalin effects on the nose and throat of personnel
of anatomical sciences departments in Iran medical
schools

Mohammad Reza Namavar, Farzaneh
Soghra Bahmanpour, Aghdas Poostpasand

Dehghani,

Shiraz University of Medical Sciences, Shiraz, Fars, Iran

Formaldehyde (and its compositions) is a chemical sub-
stance that is widely used in chemical industries (deter-
gents, cosmetics and so on), medicine (for sterilization of
operation room and its instruments and fixation of histo-
logical specimens and cadavers) and even in textiles and
papers.

In recent years many studies were done in forma-
lin effects on people health. But anybody did not study
formalin effects on nose and throat in persons that have
direct contact with this substance in Iran. For this reason;
personnel of anatomical sciences departments in medical
schools were selected as research group. Questionnaires
were prepared that had following indexes: Nasal signs
(rhinorrhea and smell sense changes), throat signs (throat
sore), job, sex, age, formalin contact (duration and direct
or indirect contact) and diseases history. These question-
naires were sent to anatomical sciences departments of
medical schools in Iran. Data were analyzed by Chi-
square test.

Results showed that contact with formalin causes
decrease (or loss) of smell sense and increase of rhin-
orrhea and throat sore. These changes have direct rela-
tion with contact duration and direct contact. Relation
between contact with formalin and these changes is sig-
nificant (P <0.05). Itis suggested that people do not have
any direct contact with formalin. Also, departments of
anatomical sciences use low formalin (or formalin free)
agents for fixation of cadavers.

doi:10.1016/j.toxlet.2006.06.202
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Fatal intoxication by alcohol and heroin

Davorka Sutlovic, Marija Definis Gojanovié
Split University Hospital, Split, Croatia

At the recent time, in Split-Dalmatia County, drug abuse
with alcohol consumption is in increase.

We reported two cases of three deaths due to fatal
combination of heroin and alcohol. The first case was a
couple, 30-year-old man and 28-year-old woman, with
a history of drug use which families claimed that they
were in treatment program. They were found in a car
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surrounded by cans from different alcohol drinks. A
numerous needles were beside the bodies. The second
case was a 29-year-old man, found dead in an old house,
who attempted suicide recently. Three fresh injection
marks were found on his right arm, and two needles were
near his body.

Multiple samples were collected and stored at 4 °C
until analysis in order to establish drug distribution.
Solid-phase extraction was performed using Amberlite
XAD-2, polyaromatic adsorbent resin (Supelco; SIGMA
ALDRICH, Taufkirchen, Germany). The analysis was
performed using a Shimadzu GC-2010, with ion trap
mass spectrometer. Blood—alcohol concentration (BAC)
was measured by Shimadzu GC-2010 with headspace
and flame ionization detector (FID). Absorbancies at
541,560 and 576 nm were measured by spectrophotome-
ter (Ultrospec 2000. Pharmacia Biotech (Biochrom) Ltd.
Cambridge, England) to evaluate the amount of carboxy-
hemoglobin (COHD).

CASE 1

Blood alcohol and urine concentration in man was
1.60 and 2.93 g/kg respectively. Concentration of blood
alcohol in woman was 1.81 while urine alcohol con-
centration was 2.48 g/kg. Heroin, meconin, papaverine
and caffeine were found in both syringes. Meconin was
detected in all samples. Monoacetylmorphine was found
only in woman’s urine, bile and hair, while in the man’s
hair noscapine was found. In the samples of man and
woman blood the amount of COHb was 25% that could
contribute to their death.

CASE 2

Blood alcohol concentration was 1.67 and urine alco-
hol concentration was 2.03 g/kg. Heroin, theophyline,
meconin, acetaminophen, 3-acetyl-morphine, 6-acetyl-
morphine, codeine, noscapine, papaverine and caffeine
were detected in syringes. Meconin was found in blood,
urine and bile samples. There was presence of 3-acetyl-
morphine, 6-acetyl-morphine and codeine in the blood.
Concentrations of morphine were much higher in tissue
samples from three injection marks than in any other
samples.

Ethanol in the blood together with morphine drasti-
cally augments the risk of rapid death due to respiration
failure. It can also lead to a relatively high risk of over-
dosage in experienced drug abusers.

doi:10.1016/j.toxlet.2006.06.203
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Suicide by Fentanyl

Davorka Sutlovic, Marija Definis Gojanovié
Split University Hospital, Split, Croatia

Fentanyl is potent, short acting narcotic analgesic widely
used as surgical anesthetic. To our knowledge, death
due to the intravenous injection of fentanyl has not been
reported previously.

A case in which fentanyl was injected is presented. A
41-year old nurse, an employee at the hospital emergency
department, was found dead at home. She had no known
history of drug and alcohol abuse. Two syringes, one
empty and second filled with a clear liquid, were found
near the body, while a needle was stuck into her hand.

Multiple samples were collected and stored at 4 °C
until analysis in order to establish drug distribution. Sam-
ples were screened for ethanol, common drugs of abuse
and other basic drugs. Quantification and confirmation
analyses were performed by first isolating fentanyl by
extraction of 1-5ml/g specimen. Solid-phase extrac-
tion was performed using Amberlite XAD-2, polyaro-
matic adsorbent resin (Supelco; SIGMA ALDRICH,
Taufkirchen, Germany). Underivatized specimens were
analysed on an Shimadzu GC-2010, with ion trap mass
spectrometer (mass selective detector, MSD).

Quantification was performed by Selective ion mode
(SIM) with external standard curve preparing with
0.0785 mg/ml Fentanyl citrate (eq. to 0.05 mg/ml fen-
tanyl). For fentanyl three ions were monitored m/z: 245,
146 and 189. Blood-alcohol concentration (BAC) was
measured by Shimadzu GC-2010 with headspace and
flame ionization detector (FID).

Toxicological analysis was positive of fentanyl poi-
soning. In blood concentration was 540 wg/L and in
stomach tissue mixed with blood was 40 pg/g. Blood
alcohol concentration was 0.0 g/lkg. No other organic
bases were detected. Testing of the syringes and needle
found at the scene was positive for fentanyl. Fentanyl
overdose was listed as the cause of death and the manner
of death was classified as suicide.

doi:10.1016/j.toxlet.2006.06.204
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Self-reported versus documented side effects of
antiretroviral drugs in a sample of HIV-infected
patients in Pretoria, South Africa

Ntambwe Malangu
University of Limpopo, Tshwane, South Africa

Objective: To determine the level of concordance
between self-reported and documented side effects in
HIV-infected patients on ART.

Method: a cross-sectional survey of patients who
started ART between July 2004 and August 2005, who
consented to be interviewed for the collection of infor-
mation on sociodemographic characteristics, side effects
and other data.

Results: The 180 patients who consented to be inter-
viewed had the following characteristics: mean age of
36.7 (£8.1) years old, 68.8% female, 86.7% unem-
ployed, 73.9% with high school level of education,
and 77.8% single. Overall, The average number of side
effects documented was 2.2 (£1.5) versus 2.6 (£1.4) for
self-report. Twenty-five side effects were documented
in 89% of patients’ files versus 19 side effects reported
by 94% of respondents. Some 14 (73.7%) of these 19
side effects were also documented; while 11 (44%) of
the symptoms documented were not reported, and five
(26.3%) of reported symptoms were not documented.

Conclusion: The majority of side effects self-reported
by patients were also documented suggesting that that
patients’ self-report could be used as a credible source
of information for pharmacovigilance purposes.

doi:10.1016/j.toxlet.2006.06.205
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Distribution and concordance of phenotypically
and genotypically determined acetylation status on
patients taking anti-tuberculosis drugs in Ethiopia
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Germany; * Armauer Hansen Research Institute, Adis
Abeba, Ethiopia; 3 Adis Abeba University, medical fac-
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Knowing polymorphisms of drug metabolizing
enzymes is important in selection of drugs and in pre-
dicting treatment outcome. N-Acetyltransferase (NAT)
is one of the polymorphic drug metabolizing enzymes

which metabolizes different drugs and carcinogens.
NAT-2 gene shows a significant ethnic variation in dif-
ferent ethnic groups and there is no report so far on the
genotypic and phenotypic distribution of NAT-2 gene in
Ethiopians. In our study we tried to show the distribu-
tion and concordance of NAT-2 gene in newly diagnosed
tuberculosis patients taking anti-tuberculosis drugs from
Ethiopia. We used PCR RFLP and allele specific PCR
for genotyping to see mutations at 191, 341, 434, 590,
and 857 positions and caffeine based assay for pheno-
typing. Out of 128 individuals on whom genotyping
was done 68 (53.1%) individuals were rapid acetylators
and 60 (46.9%) were slow acetylators. From these 128
individuals on whom genotyping was done 55 individu-
als undergo phenotyping and we found that 30 (54.5%)
were slow acetylators and 25 (45.5%) were fast acety-
lators. Unlike other studies which show a very high
concordance rate, in our study the concordance rate of
phenotypically and genotypically determined acetyla-
tion status was only 50.9%. This may be because of
the concomitantly taken anti-tuberculosis drug which
may either induce or inhibit caffeine metabolism. This
has an implication that caffeine is probably not a good
probe for phenotypic determination of acetylation status
in patients taking drugs that may inhibit or induce its
metabolism. Another interesting finding from our study
is that none of our Ethiopian study participants showed
the Black specific SNP (NAT2*14).

doi:10.1016/j.tox1et.2006.06.206
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Improved elimination of formate in methanol poi-
soning by intravenous infusion of formate dehydro-
genase conjugated with linear mono methoxy poly
ethylene glycol

Arumugam Muthuvel, Rathinam
nasamy Sheeladevi

Rajamani, Rathi-

Department of Physiology, Dr. A.L.M. Postgraduate
Institute of Basic Medical Sciences, University of
Madras, Chennai-600113, Tamil Nadu, India

Elimination of formate, a highly toxic metabolite in
methanol poisoning, is one of the principles of clini-
cal management in methanol poisoning. Formate dehy-
drogenase (EC 1.2.1.2) acts over formate and converts
formate into CO» in the presence of NAD. Rapid elim-
ination of formate by single bolus intravenous infusion
of native Formate dehydrogenase (FD), isolated from
Candida boidinii has been reported in our earlier study.
Carbicarb buffer was used to correct metabolic acidosis.
In order to prevent immunological reactions which might
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be produced by multiple dosing of Formate dehydroge-
nase and to prolong the serum half life of the enzyme,
the N-hydroxysuccinimidyl ester of methoxy polyethy-
lene glycol propionic acid (mPEG-SPA 5000) was con-
jugated to native Formate dehydrogenase. PEGylation
reactions were run at 20°C for 30 min in a reaction
buffer (0.2M sodium phosphate buffer, pH 8.3). The
PEGylated molecules were purified from unreacted PEG
with Amicon Ultra—4 (10kDa) and by Sephacryl S-
300 HR gel-filtration chromatography. Unreacted For-
mate dehydrogenase molecules were removed by DEAE
Sepharose FF anion-exchange chromatography. PEG-
FD enzyme molecules obtained from reacting ratio of
FD/PEG of 1/40 had an enzyme activity of 68% of
unmodified enzyme. Immunogenicity of PEGylated and
native enzyme was evaluated by ELISA. Plasma half
life based on biological activity was also evaluated. In
vivo efficacy of PEG-FD or native FD was compar-
atively evaluated by single intravenous administration
of PEG-FD or native FD in folate deficient methanol
intoxicated albino rats along with carbicarb buffer infu-
sion. Methanol and formate were estimated at specific
time points, respectively, with HPLC and Fluorescence
spectrophotometer. PEG-FD had comparatively longer
plasma half life, lower immunogenicity and lesser aller-
genicity than native FD. PEG-FD had better in vivo
efficacy than native FD in eliminating the formate in
methanol poisoning.

doi:10.1016/j.toxlet.2006.06.207
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Monitoring of the heroine addict patients during
methadone substitution therapy
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U “Carol Davila” University of Medicine and Phar-
macy, faculty of Pharmacy, Bukharest, Romania;
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The drug addiction treatment is a long-term pro-
cess that implies multiple interventions and has as final
aim the abstinence. Addiction treatment, including diag-
nosis, medical assistance, and social reintegration of
addicts, has the purpose of improving the health state
and the quality of life, by diminishing the drug usage,
the morbidity and mortality due to the addiction, by
facilitating the access to public services and full social
reintegration.

The study aims at a complex evaluation (clinic, para-
clinic, and psychologic) of the heroin addict patients dur-
ing methadone substitution treatment conducted at Sf.
Stelian Center for Evaluation and Treatment of Addic-
tions, Bucharest. This study presents evaluation of 32
cases (29 men and 3 women) during methadone detoxi-
cation treatment; these patients fulfilled the inclusion cri-
teria and were eligible for the study. Socio-demographic,
toxicological, and clinical characteristics of the patients
included in the study are presented.

Complete hematological and biochemical analyses
are performed for each patient; the psychologic profile
of the patients is evaluated and the prevalence and the
type of psychiatric morbidity at the heroin addicts are
identified.

The analytic diagnostic of drug abuse is provided
by using GC-MS chromatographic methods and the
methadone plasma levels are determined by HPLC and
GC-MS methods.

The presented methodology is continued during
methadone maintenance therapy.

In the study group the mean age is 24.53 years
(range 16-32) and the mean length of i.v. heroin use
is 4.78 years (range 1-9); the mean levels of heroine
metabolites in urine was 9940.1 ng/mL (in 6 cases the
levels was higher than 30,000 ng/mL) and the mean
methadone dose was 17.41 mg (range 7.5-40 mg). HVC
infection was present in 75% of patients. Cocaine use
has been reported in 25% of patients, marijuana or
hashish use in 50% of patients and ecstasy use in 28% of
patients.

The results of the study identified some of the factors
associated with enrolment into methadone treatment and
give an insight into profiles of the patients who enter in
the treatment.

doi:10.1016/j.toxlet.2006.06.208
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Alanine transaminase and prothrombin time abnor-
malities following mushroom poisoning

Daniela Chaparroska, Niko Becaroski, Aleksandra

Babulovska

Department of Urgent Internal Medicine and Toxicol-
ogy, University Clinical Centre, Skopje, The Former
Yugolav Republic of Macedonia

Aims: Toxic mushroom poisoning leads to a variety of
clinical outcomes ranging from self-limited gastroin-
testinal symptoms to fulminant hepatic failure requiring
orthotopic liver transplantation. We reviewed the out-
comes of patients with severe acute hepatitis secondary
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to amanita phalloides poisoning, treated with contempo-
rary modalities.

Methods: We retrospectively reviewed patients
admitted to our institution over a 5-year period
(2000-2005) with elevated transaminase levels
(>1000TU/L) attributed to recent mushroom ingestion.
The patient’s clinical course, laboratory data, and
treatment regimen were recorded and analyzed.

Results: The mean peak serum levels were: aspi-
rate transaminase 6520 IU/L, alanine transaminase 8860
IU/L, total bilirubin 11.5 mg/dL, creatinine 535 Mmol/L,
and prothrombin time- international normalized ratio
(PT-INR) >10. Three patients developed acute renal
failure requiring hemodialysis and hemoperfusion. The
other 17 patients survived without significant morbidity.

Conclusions: Patients with severe hepatitis from
amanita phalloides poisoning are thought to have a poor
prognosis and frequently need liver transplantation for
survival. We suggest that with early and aggressive mul-
tidisciplinary care, such patients recovered from severe
hepatitis caused by amanita phalloides poisoning, with-
out liver transplantation.

doi:10.1016/j.tox1et.2006.06.209
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Acute intoxications in the ICU—What has changed
in a S years period?

Marijan Merkler, Marijana Grgi¢ Medi¢, Radovan
Radonié, Vladimir Gasparovié

Clinical hospital center Zagreb, Zagreb, Croatia

Acute intoxication is a condition characterized by the
distress of one or more organ systems due to the toxin or
its metabolites. Patients with severe and life threatening
intoxications, requiring intensive treatment and surveil-
lance, are admitted to the Intensive care Unit at of the
Clinical hospital center Zagreb.

The aim of this study was to analyze the acute intox-
icated patients admitted to the ICU in the year 2005 and
to assess the changes in the structure of acute intoxica-
tion in the 5 years period, by comparing these data with
the data from the year 2000.

During the year 2005 (1st January—December 31st
2005), 44 patients (23 male and 21 female) with severe
intoxications were admitted to the ICU. The median age
was 40.6 years (range 17-86 years). Thirty-nine (88.6%)
patients survived and 5 (11.4%) patients died. The intox-
ication occurred most frequently in the suicidal attempt,
in 32 (72.7%) patients, overdose was registered in 10
(22.7%) patients, and accidental poisoning in 2 (4.6%)
patients. Toxic agents were in most cases (18 patients,

40.9%) drugs, narcotics were detected in 10 (22.7%)
patients, alcohol in 5 (11.4%), corrosive agents in 5
(11.4%) and other agents in 6 (13.6%) cases (pesticides,
carbon monoxide, ethylene-glycol, etc.).

The most frequent indications for admissions into the
ICU were acute confusional states (21 patients, 45.4%),
and 17 (38.6%) patients were comatose at admission.

The median duration of treatment in the CU was 2.95
days (range 1-9 days). The most frequent complications
were respiratory insufficiency, and pneumonia was regis-
tered in eight (18.2%) patients. Twenty patients (45.4%)
continued the treatment in the psychiatric ward follow-
ing the dismissal from the ICU.

These data were compared with our data from the
year 2000. The proportion of patients with acute drug
intoxications remained unchanged (40.2% in 2000 ver-
sus 40.9% in 2005) and was the highest in both years. The
increase in the proportion of patients with acute narcotic
intoxications increased from 15.1% to 22.7% whereas
the proportion of acute alcohol intoxication decreased
from 22.6% to 11.4%. The median duration of treatment
did not change significantly (3.1 days versus 2.9 days).

The significant increase of patients admitted due to
narcotic abuse was detected. Nearly half of all intoxica-
tions are caused by drugs. The most common compli-
cations of acute intoxications in human are observed on
respiratory tract.

doi:10.1016/j.tox1et.2006.06.210
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cies in Italy

Valeria Petrolini!, Carlo Locatelli!, C. Lonati', L.
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! Pavia Poison Centre and National Toxicology Infor-
mation Centre, Toxicology Unit, IRCCS Maugeri
Foundation Hospital and University of Pavia, Italy;
2 Department of Civil Protection, Rome, Italy

In the last 5 years concern about health risks of haz-
ardous accidents has increased: the existing plans to
face an industrial chemical disaster has been reviewed
and extended worldwide to counteract potential terror-
ist attacks involving chemical agents. In Italy, within
the context of an agreement between the Italian Depart-
ment of Civil Protection and the Pavia Poison Center, a
system for antidote stoking, supply, and use in chemi-
cal (conventional and/or non conventional) emergencies
has been set up. Sixteen different antidotes, unavailable
in appropriate quantity in the Italian emergency depart-
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ments, and required to treat possibly poisoned patients
by chemicals of greatest concern were identified and
acquired. A defined amount of every antidote has been
stocked in a three level stockpile: level (A) 152 sites
all over Italy where a quote of high priority antidotes
are stocked in an amount adequate to treat 100 seri-
ously poisoned patients for almost 24 h, level (B) 21
sites (at regional level) where a larger amount of some
high priority antidotes are stocked together with some
second priority antidotes, and level (C) 2 sites where
a large amount of almost all antidotes and second pri-
ority antidotes are stocked. A national database links
all the antidote stockpiles and is managed by the Civil
Protection Department and by the Pavia Poison Centre
toxicologists to ensure, together with a 24 h/day clinical
service consultation, a proper and immediate drug deliv-
ery to the accident site throughout the Italian territory.

Supported by grant from the Italian Department of
Civil Protection.

doi:10.1016/j.toxlet.2006.06.211
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Predictive parameters of severity for carbamazepine
cardiotoxicity
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Acute carbamazepine intoxications are presented with
marked cardiovascular and neurological disturbances.
The aim of the study is to observe possible influence of
demographic factors on clinical features, as QTc being
a parameter of carbamazepine cardiotoxicity in young
patient’s poisoning.

Materials and methods: Thirty-two patients (pts)
admitted at the Clinic of Toxicology because of carba-
mazepine poisoning were included in the study. Eigh-
teen pts (56.25%) were female and 14 (43.75%) of
the patients were male, aged 26.13 £ 10, 763 years.
Twelve-lead ECG-gram performed at admission was
analyzed and QTc was calculated by Bazzet’s formula
(431.63 = 26.314 ms). Carbamazepine serum concentra-
tions in blood samples taken on admission were consid-
ered in the analysis (80-215 pmol/l). Conscious distur-
bances were graduated as somnolent (14 pts—43.75%),
soporous (10 pts—31.25%) and comatose (8 pts—25%).
The usefulness of the regression model was testing
by ANOVA analysis (d.f.=4, F 19.012, p=0.000), the
influence quantification of serum concentration, age,

gender and consciousness on the QTc interval were
analyzed by regression analysis. Results showed that
37.5% of patients have QTc>450ms; increase of the
serum concentration for every pwmol/l induced increase
of QTc for 0.781 ms; patients who are soporous had
longer QTc for 16.434 ms compared to patients that
are somnolent; and in females this showed to induced
longer QTc for 12.859ms in comparison with males
in acute carbamazepine poisoning in especially pointed
in young population. Carbamazepine serum concentra-
tions have positive correlation with the level of coma
(r=0.487, p=0.007). Its concentrations in comatose
patients (>140 wmol/l) were almost linear combination
of the other independent variables so its influence could
not be quantified with this statistical method.

Conclusion: Carbamazepine cardiotoxicity in acute
poisonings is a multifactorial induced conducting dis-
turbance. Higher carbamazepine serum concentration,
female gender and conscious disturbance are related
to higher level of QTc prolongation. Although carba-
mazepine serum levels should be always performed in
this kind of intoxications as a golden standard for stan-
dard of care and legislatively, at bed site estimating QTc
can be used as a practical parameter in making first con-
clusions about the severity of carbamazepine overdose.
This would be a very practical point in smaller hospitals
and units that could not provide immediate levels or have
these toxicology results as send outs.

doi:10.1016/j.toxlet.2006.06.212
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Background: The maintence immunosuppressive ther-
apy in transplant recipients is associated with various
lipid disorders. The causes and mechanisms of post-
transplant hyperlipidemia are complex and not fully
understood. Objective of this study was to investigate
weather the higher concentrations of the cyclosporine A
(CsA) is associated with more prominent lipid disorders.
Methods: We measured lipids and lipoprotein lipids
3 months after renal transplantation in two groups of
pts with statistically significant different CsA concen-
trations. All pts were on equal doses of other immuno-
suppressive agents, and had stable graft function.
Results: In the first group (15 pts), CsA trough level
was 289.01 £ 71.21. In the second group (17 pts), CsA
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trough level was 159.12 & 12. The most prominent dis-
order was elevated total cholesterol with average value
7.29 £ 1.9 mmol/l in the first and 6.07 £ 1.2 in the sec-
ond group. Also the LDL was more elevated in the first
(4.83 £ 0.81) thenin the second group (3.81 =+ 1.19). The
mean value of TG and HDL were higher in the first than
in the second group, but these differences were not ss.

Conclusion: Higher CsA trough levels are associated
with remarkable lipid disorders.

doi:10.1016/j.toxlet.2006.06.213
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Presnjak, N.G. Selivanenko, E.V. Tretjakova
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Traditionally, in combustive toxicology four major fac-
tors of a fire are examined: high temperature, smoke,
toxic burning products of and lack of oxygen. Studying
combined and complex actions of these factors is carried
out usually from positions of the fatal poisonings risk
assessment. This direction is actual for Ukraine where
daily perishes at fires six to eight persons. The analysis of
the death causes of people death has shown that in 70%
of cases the death is caused by toxic burning products.
It is connected first of all to wide application in con-
struction, on transport, in municipal sphere polymeric
and synthetic materials. Our researches have shown that
at burning not only carbon oxide (II), but also not less
than in 50% of polymeric materials subjected to tests,
the death of animals came from the combined action of
several chemical substances. So, for polyurea polymers
the contribution to fatal effect CO makes 44-68%, and
the other part falls at a share of cyanic hydrogen, oxides
of nitrogen, chloride hydrogen both others vapors and
gases. At rubbers among minor components sulphurous
anhydride, styrene, cyanic and chloride hydrogen pre-
vail. It is important to emphasize, that a number of toxic
organic components which contribute to fatal effect, are
not determined owing to biotransformation, sorption and
other reasons. The problem is not limited to cases of
fatal poisonings at fires. On each victim by results of the
carried out researches it is necessary till 20-30 victims
with attributes not a fatal poisoning. The contribution of
psycho-emotional stress to clinical semiology and con-
sequences of defeat of people at fires is not taken into
account. Authors develop the new concept of toxicol-

ogy of burning at fires, which is based on a combina-
tion of experimental researches on animals with clinical
and psychophysiological supervision among victims and
firemen. Results of researches and experience of carry-
ing out of medical and psychological rehabilitation have
confirmed efficiency of spent actions, which allow to
lower number of sanitary losses at fires.

doi:10.1016/j.toxlet.2006.06.214
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The relation to the danger estimation and risk assessment
of mercury (Hg) poisonings is ambiguously. Hygienists
and toxicologists, working on the problem, the Interna-
tional organizations determining a policy in the field of
occupational health and safety of the environment insists
on the maximal reduction of Hg use and it replacement,
where it is technologically possible, with less toxic met-
als or other connections. On the other hand, application
of Hg is economic, for example, the mercury medi-
cal thermometer is approximately in six times cheaper
then electronic one. Use of Hg at observance of security
measures can give the big economic benefit, therefore
requirements of ecologists and toxicologists encounter
resistance of businessmen and industry. Due to the mea-
sures undertaken the WHO, sharp poisonings with Hg
became the big rarity. However, for last 5 years we had
diagnosed 28 poisonings with Hg. These poisonings had
occupation related character in 23 cases and five per-
sons have poisoned in a municipal conditions. During
2004, we have surveyed 114 workers, who worked with
heavy metals. In 29 of cases content of Hg in urine was
above 10 pg/l (WHO recommended standard), includ-
ing three cases of excess of the content of Hg in urine
higher than 25 pg/l (WHO recommended minimal toxic
level). Probably, these people were exposed with Hg in
the municipal or environmental conditions. In January,
2006 in our laboratory were examined 14 crew members
of ship “Carmen” for the determination of Hg content
in biosubstrata. According to the received information
on the vessel faulty Hg devices were used and floods of
this metal in ship working premises took place. In seven
surveyed seamen, the levels of mercury in blood were
found above 25 g/l and in three seamen, higher then
50 pg/l. The maximal found Hg concentration in blood
was 124.1 pg/l. The contents of Hg in urine in six sea-
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men exceeded 25 pg/l. At repeated research in 14 days
the contents of Hg in urine at all surveyed seamen was
within the limits of the hygienic permitted level. But in
the urine of four surveyed seamen, the content of Hg con-
tinued to remain high enough. The carried out analysis
of radical hair area in 2 months after the first reference
has shown excess of the content of Hg in seven persons.
In blood and in the urine content of Hg was within the
hygienic permitted limits. In nine surveyed seamen pro-
teinuria it was observed. Also the increased content of
lipid peroxidation products was found in urine, that is, a
marker of oxidative stress and the worsening of kidneys
functions.

Conclusion: The analysis of blood is informative only
at the first 48 h after receipt of mercury. Much longer
(till 2 weeks) keeps the analysis informatively the urine.
Later on it is possible to diagnose a poisoning by means
of hair analyses, selecting corresponding area in view of
speed of their growth. It is necessary also to pay atten-
tion to such biomarkers of kidneys function as protein-
uria, enzymuria, level of the lipid peroxidation products
increasing in urine, etc.

doi:10.1016/j.tox1et.2006.06.215
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Evaluation of the allergenic potential of iodinated
radio contrast media using animal models
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Kazuhisa Furuhama
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The incidence of late adverse reactions, such as macu-
lopapular rash, urticaria, angioedema and fever, to iodi-
nated radio contrast media (RCM) has been reported to
be 2-5%. There has been recently increasing attention to
the mechanism of the adverse reactions. For a few case
reports, a hypersensitivity mechanism is postulated, but
the allergenic potential of RCMs has never been shown
in animal models. Therefore, the present study was con-
ducted to detect the potential of RCMs using guinea pigs
and mice.

The following six RCMs were used: two non-ionic
monomers, iohexol (IH) and iopamidol (IP); two non-
ionic dimmer, iotrolan (IT); two ionic monomers, ami-
dotrizoate (AT) and iothalamate (IM); one ionic dimmer,
ioxaglate (IX). The allergenic potential of RCMs was
evaluated by maximization test and delayed type skin
test in female Hartley guinea pigs as models for detecting
Type IV allergic reaction. Furthermore, popliteal lymph

node assay (PLNA), which has been reported to be a
useful model, was carried out in mice. In the maximiza-
tion test, all RCMs induced positive reaction with high
incidences of 50%, 80%, 40%, 70% and 80% for IM,
IX, IH, IP and IT, respectively. Positive delayed type
skin reactions with infiltration of mononuclear cells in
the superficial dermis were observed in animals sensi-
tized and challenged with IP (43%), IT (20%), IM (7%)
and AT (10%). Negative reactions were noted in ani-
mals sensitized with vehicle and challenged with RCM
in both the maximization and delayed type skin tests.
As for PLNA, increases in lymph node weights and
cell numbers were observed in mice injected with IH
and IT.

These results clearly showed that RCMs possess the
potential to induce allergic reactions, especially of Type
IV, and raise the possibility that these three animal mod-
els may be useful for screening of new RCMs hav-
ing weaker allergenic potential than the aforementioned
RCMs.

doi:10.1016/j.toxlet.2006.06.216
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Methanol intoxication on splenic lymphocyte subsets,
serum cytokines, Hsp70, c-fos, iNOS and Fas/FasL
expressions in HPA axis organs of experimental rats
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darajulu  Sathya Narayanan, Rathinasamy Sheela
Devi

Immunology laboratory, Department of Physiology, Dr.
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of Madras, Taramani Campus, Chennai 600113, India

It is well known that the nervous system has increased
susceptibility to methanol intoxication. Our previous
studies reveal that the methanol intoxication affects
the non-specific and specific immune systems. The
present study reveals the effect of methanol intox-
ication on splenic lymphocyte subsets (B and T-
Lymphocytes, CD4, CD8), MHC class II expressed cells
and macrophages and serum cytokines levels (TNF-
o, IFN-v, IL-2 and IL-4). In addition, mRNA expres-
sion of Hsp70, c-fos, iNOS (RT-PCR) and Fas/FasL
protein expression (immunoblotting and immunohisto-
chemistry) in HPA axis organs (hypothalamus, adrenal)
and spleen. Male Wistar albino rats were intoxicated with
methanol (2.37 g/lkg b.wt., i.p.) for 30 days and immu-
nized with SRBC (5 x 10° cells). Administration of
methanol showed significant decreases in the Pan T cells,
CD4, macrophage counts, serum TNF-a, IFN-vy and IL-
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2 on the other hand, the significant increase in the MHC
class I molecule expressed cells, B cells and serum IL-4
of the methanol intoxicated group animals was compared
with the corresponding control animals; there was no
significant change in CDS8 cells compared with respec-
tive controls. Furthermore, the increased mRNA expres-
sion of Hsp70, c-fos iNOS and Fas/FasL in hypothala-
mus, adrenal and spleen upon 30 days methanol intoxi-
cated groups compared with control animals. From this
study, it can be concluded that repeated exposure to
methanol could alter the immune system through HPA
axis.

doi:10.1016/j.toxlet.2006.06.217
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Immunotoxicity screening of AMPA antagonists

Gyula Sziics, Mihély Albert, Eva Rénai, Dezsé Dényi
EGIS PLC, Budapest, Hungary

Drug therapy might have suppressant effects on immune
system in laboratory animals and also in patients. Eval-
uation of potential adverse effects of human phar-
maceuticals on the immune system should be incor-
porated into standard drug development. For lead
optimization, a rapid and easy in vivo screening
method was developed in female rats for the detec-
tion of drug-caused lymphoid atrophy at our labora-
tory. Female rats were used in these studies because
females proved to be more sensitive than males in
pilot studies. Seven-day repeated dose, oral compara-
tive studies were performed with 2,3-benzodiazepine
type AMPA antagonist drug candidates to test their
possible toxic effect on the immune system. Dexam-
ethasone, a well-known agent causing lymphoid atro-
phy served as positive control to prove model sensi-
tivity. An oral dose of 30 mg/kg/day was applied both
in case of test substances and the positive control. The
following parameters were evaluated in the 1-week tox-
icity studies for signs of immunotoxicity: haematol-
ogy (total leukocyte counts and absolute differential
leukocyte counts), serum chemistry (globulin levels and
A/G ratios), gross pathology (lymphoid organs/tissues),
organ weights (spleen, thymus, popliteal lymph nodes
and adrenal glands) and histology (spleen, thymus,
popliteal lymph nodes, adrenal glands and mesenteric
lymph nodes).

Three 2,3-benzodiapine type examples, namely
EGIS-11372, -11639 and -11788 were selected to
demonstrate the characteristics of the responses.

Based on our results, it can be stated that thymus and
spleen weights and histology proved to be the most sen-

sitive indicators of lymphoid organ toxicity for this type
of compounds.

doi:10.1016/j.toxlet.2006.06.218

P3-04

Modulatory effect of Trigonella foenum-graecum L.
extract on deltamethrin-induced low dose immuno-
suppression in mice

Hasibur Rehman, Rizwan A. Ansari, Sheikh Raisuddin

Jamia Hamdard (Hamdard University), New Delhi,
India

Trigonella foenum-graecum L. (fenugreek) has been
shown to possess several medicinal properties. It is
widely reported as a demulcent, tonic, laxative, expec-
torant, anti-inflammatory, nutritive, blood purifier and
aphrodisiac agent. In clinical studies, it has shown hypo-
glycemic and anti-diabetic properties. Immunomodula-
tory effect of fenugreek extract has also been demon-
strated in mice. We investigated modulatory effect of
T. foenum-graecum seed extract on the immunotoxic
effects of deltamethrin in mice. Swiss albino male mice
were treated per os with the aqueous extract (100 mg/kg,
b.wt. daily for 15 days). Deltamethrin was administered
orally in a single dose of 18 mg/kg b.wt. in corn oil.
Body weight, relative organ weight, lymphoid organ cel-
lularity, hemagglutination titre (HT), plaque forming cell
(PFC) assay and quantitative hemolysis of SRBC (QHS)
assay were studied in the treated animals. Deltamethrin
showed significant suppressive effect on lymphoid organ
weight and cellularity and humoral immune functions.
Plant extract itself produced no immunotoxicity at the
above dose whereas it resulted in restoration of humoral
responses in deltamethrin-treated animals as shown by a
significant (p <0.01) increase in PFC response as well as
QHS in deltamethrin-treated animals. The results sug-
gest that exposure to deltamethrin causes immunosup-
pression in mice and fenugreek extract has modulatory
effects on these parameters. The antioxidant property
of fenugreek seeds might be contributing to modulatory
action resulting in its protective effect in immunosupp-
resed mice.
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Cytokine genes in susceptibility to coal workers’
pneumoconiosis

Asuman Karakayal, Ilker Ates 1, Berran Yucesoy2,
Sinan H. Suzen!

U Ankara University, Faculty of Pharmacy, Tandogan,
Ankara Turkey; 2 Toxicology and Molecular Biology
Branch, National Institute for Occupational Safety and
Health, WV, USA

Coal workers’ pneumoconiosis (CWP) and silicosis
are the most widespread fibrotic lung diseases whose
etiopathogenesis are not well defined. Pro-inflammatory
cytokines play a pivotal role in the onset, progression
and termination of the reactions such as inflammation,
fibroblast proliferation and extracellular matrix (ECM)
synthesis in CWP and silicosis. Recent studies suggest
that these diseases may share genetic risk factors. In this
study, the frequency of single nucleotide polymorphisms
(SNPs) in the genes coding for TNF-a, IL-1a, IL-113
and IL-6 and their genotype associations with CWP and
disease severity were determined in a 56 Turkish coal
workers with CWP (34 pneumoconiotic, 22 fibrotic) and
99 healthy controls without any apparent inflammation
or other pulmonary disease. According to the genotyp-
ing results, regardless of disease severity, TNF-a (—238)
and IL-1 (+3953) polymorphisms affected CWP occur-
rence (OR’s 1.86 and 1.52, respectively). On the other
hand, both TNF-a (—238) and (—308) variants were
associated with an increased risk of developing PMF
(OR’s 3.44 and 1.47, respectively). IL-13 (+3953) vari-
ant was also associated with the development of simple
CWP (OR: 1.90). No significant association was found
between variations in IL-6 and IL-la genes and the
occurrence and progression of CWP and PMFE.

In conclusion, this study suggests that TNF-o and IL-
1B polymorphisms may be considered as susceptibility
factors for CWP.

Supported by Research Fund of Ankara University-
20030803036.

doi:10.1016/j.toxlet.2006.06.220

P3-06

Bone marrow differentials—Comparison of flow
cytometry and manual counting in rats treated with
compounds inducing hematological changes

Andre Forichon, Fabienne Condevaux, Marie-
Francoise Perron-Lepage, Jacques Descotes

Poison Center and Pharmacovigilance Unit, France

Bone marrow analysis is recommended to screen for
hematotoxic as well as immunotoxic pharmaceuticals.
Because manual counting is time-consuming and lack
sensitivity, a flow cytometry method has been developed
to investigate bone marrow cell-specific populations in
rats. A series of monoclonal antibodies (Pharmingen,
Becton-Dickinson) was selected for immunostaining,
which allowed accurate identification of the lympho-
cyte, erythroid and myeloid populations based on the
differential expression of the cell surface antigens CD71,
CD3, CD45, CD45RA and CD45R. Bone marrow sam-
ples were taken from groups of eight §-week-old male
Sprague—-Dawley rats treated with the reference com-
pounds, erythropoietin (EPO), dexamethasone, doxoru-
bicin or LPS, and examined for lineage-specific changes
in cell populations. Samples fr