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Nonlinearity in Biology, Toxicology, and Medicine: VVdl. 1, No. 1, pp. 213291 (2003)

Absracts from the Nonlinearity Conference
June 11 to 13, 2002

Conference Directors: EdwardJ. Calabrese, Ph.D., Pad Kostecki, Ph.D

The Nonlinearity Conference, which was presented by BELLE*', addressed one of
the most critical challengesfacing the fields of toxicology, pharmacology, radiation
biology, and medicine today: the significance of the biological effects of low-level
exposures. Toxicology today isin rapid transition from that of a high-dose hazard
assessment profession to one that examines the nature of more realistic exposures,
which are predominantly in the low-dose zone.

Knowledge of low-dose effects is becoming a driving force in the field of risk
assessment and chemotherapeutics. Thisconference provided thefirst opportunity
to bring together | eading scientists across the broad range of biological disciplines
to seek common understandings of how biological systems respond to low-level
stresses, and what are their implications within society.

One of the critical goals of thisconference was to recognize that professionalsin
different fieldsof biology have utilized different terminologiesfor similar-appearing
dose response phenomena. These terms include: adaptive, bidirectional, dual ef-
fects, opposite effects, biphasic, hormetic, non-monotonic, u-shaped, j-shaped, and
paradoxical .

The convergence of scientists from multiple disciplines at this conference was
designed to provide a greater interactive focus on low-dose responses and, hope-
fully, to prevent further professional/academic isolation with respect to language,
concept, and interpretation of low-dose effects.

Thisconference also provided aforum for the most current advancesin the area
of nature of the dose response with respect to chemical and radiation-induced
stresses, as well as a host of effects of pharmaceutical agents that have profound
biomedical and risk assessment implications.

*  Biologicd Effectsof Low-Leve Exposures
www.bdleonline.com
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Biphasic Dose Responses in the Biological Sciences

EdwardJ. Calabrese!
University of Massachusells

Two tiatabases have been developed to assess the frequency of hormetic responses
in the toxicological literature and their quantitative features. Using rigorous a priori
entry and evaluative criteria hormetic responses occur in approximately 40% of

University of Massachusetts, Environmental Health Sciences, Morrill I, N344, Amherst,
MA 01003; Tel: 413-545-3164, Fax: 413-545-4692, Email: edwardcQschool ph.umass.edu
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experimentssatisfying theentry criteria The dose response characteristicsof hormetic
effectsreveal that the maximum amplitude of the responseismodest with maximum
stimulatory responses usually 30-60% greater than controls, and rarely exceeding
100%. T he range of thestimulation is more variable, with 75% lessthan 10-fold, with
5% exceeding 100-fold and about 1 to 2% exceeding 1000-fold. The mechanism of
hormetic-like dose responses is wdl described in severa dozen pharmacological
receptor systems featuring a concentration gradient regulatory progress acting via
opposite acting receptor subtype with different affinities for the agent. Biphasic
dose responses are extremely common in essentiallyall biological systems and likely
represent the most dominant biological dose response model.

Implications of Nonlinearity for Ecotoxicological
Risk Assessment

Keith R Solomon!
Centre for Toxicology, University of Guelph, Guelph, ON Canada

Nonlinear concentration-responses are frequently observed in ecotoxicological bio-
assays. In the laboratory, these responses are similar to those observed in other
bioassaysand are usually manifest asincreasesin survival, size, biomass, or reproduc-
tive rates. I n the context of the laboratory observations, relevance of these resultsto
the field are difficult to interpret, although some of the observations may be
examples of stress responses that are interpreted as positive responses by the
observer. For example, internode length in the agquatic macrophyte Myriophyllum
spp. isaffected by stressors, usualy increasing at smaller concentrationsand decreas
ing at greater concentrations. The stimulation at low concentration is classically
defined as hormesis, but it isalso a natural stressresponse to lack of photosynthesis
because of changes in light penetration into the water column, etc. Similar re-
sponses are observed in experimental field testsconducted in rnesocosmsor micro-
cosms. Here the results may have nothing to do with the direct effect of the
organisms demonstrating the hormetic response. Food-web interactions may result
in release from predation or increased availability of food, both of which may be
interpreted as nonlinearity. The common belief that hormetic responsesare "good"
for the organisms must be interpreted in the context of the ecosystem where
increases in numbers, either of predator or prey organisms, are not necessarily

' Univerdty of Gueph, Environmenta Biology/Centre for Toxicology, Bovey Building,
Guelph, ON; N1G 2W1, Canada, Tel: 519-837-3320, Fax: 519-837-3861, Email:

ksolomon@uoguelph.ca
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"good for the community. Increases in populations of some organisms may be
temporary and be followed by recover or regression to the mean. In this case, they
can be interpreted as indicators of response in the community, however, their
relevance in the long-term continuation of the community is reduced if recovery is
rapid. Examples of these responses will be presented and their relevance in
ecotoxicological risk assessment discussed.

Evolutionary Foundationsof Nonlinearity

Lorenz R. Rhomberg, Ph.D.!
Gradient Corporation, Cambridge, MA

For eons, plants have been evolving the ability to synthesize complex chemicals
aimed at deterring herbivores, whileanimals have evolved metabolic and physiologi-
ca means to detoxify these chemicals. Examining the biological legacy of thisbattle
is relevant to understanding physiological responses to modern synthetic chemicals.
Taking an evolutionary perspective on hormesis means examining the circum-
stances under which natural selection should create and preserve the underlying
nonlinear dose-response rel ationships; hence, it istied to an examination of hormetic
mechanisims. | examine three broad classes of proposed mechanisms: hormesis as
stimulation of defenses or repair processes; hormesis as a consequence of homeo-
static control; and hormesis as the net result of several simultaneous dose-related
processes, some beneficial and others adverse. Understanding which changes are
"beneficial" and which "adverse" can be problematic, and | examine how the
perspective of Darwinian fitness may differ from that of the agronomist or the
clinician. Evolving"fitness' has, however,conceptual similaritiesto the multiattribute
decision theory of social scientistswith itsfocus on optimal tradeoffs among differ-
ent attributes to maximize overall utility. Expectations (in the statistical sense) about
potential environmental challenges must be balanced with the costs of maintaining
the means to combat them. The evolution of essentiality, the evolution of efficiency
in resource utilization, and the role habitat selection, inter- and intra-specific
competition, and environmental stress gradients are briefly discussed as they bear
on the evolution of defenses against toxicity.

Gradient Corporation, 238 Main Street, Cambridge, MA 02142, Tel: 617-395-5000
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Rigk Assessment I mplications of Nonlinear Dose
Responsss

William F. Greenlee,' Frederick J. Miller,2 and Rory B. Conolly?
CIIT Centersfor Health Research

Low-dose extrapolations may be either linear or nonlinear, depending on the
supporting database, but in either case are typically assumed to be monotonic for
purposes of risk assessment. T he recognition that some dose-response behaviors are
not strictly monotonic but, rather, have “U”, "inverted U", or even more complex
shapes have important implications for toxicological research and testing aswell as
risk assessments. Among these are:

(1) Effects considered adverse may occur at doses lower than those associated
with no effect.

(2) Small changesin endpoints normally considered adverse may reflect adap-
tive responses that are not adverse per se.

(3) Traditional experimental designslikely do notinclude enough dose levels to
detect complex low dose behaviors that depart from expected inonotonic
behaviors.

(4) Researchin support of biologically based dose-response modelsshould care-
fully evaluate homeostatic and adaptive processes that may lead to
nonmonotonic dose response behaviors at low doses.

While the existence of nonmonotonic low dose behaviors is not in doubt, the
detection, appropriate interpretation, and ability to predict occurrence of these
behaviors depends on an adequate understanding of the underlying biology. Dose-
response curvesfor adverse endpoints such as cancer or developmental anomalies
arise from the interplay of multiple factors, such as changes in levels of gene
expression, in amounts and activities of signaling molecules, and in the behaviors
or regulatory networks, all of which exist at more basic levels of biological organi-
zation than the manifestation of the toxic effect. Only when biomedical science

' CIT Centersfor Health Research, 6 Davis Drive, Research TrianglePark, NC 27709; Tdl:
919-558-1204, Email: WGreenleeBciit.org

2 CIIT Centersfor Health Research, 6 Davis Drive, Research Triangle Park, NC 27709; Tdl:
919-558-1229, Email: FMiller@xciit.org

3 CIT Centersfor Health Research, 6 Davis Drive, Research Triangle Park, NC 27709; Tdl:
919-558-1330, Email: RConolly@xciit.org
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understands the normal biological processesthat are thesubstratesfor toxicological
mechanisms and toxicological science understands these mechanisms in the con-
text of whole body physiology, will ascientifically mature understandingof complex
dose-response behaviors be possible. This increased scientific sophistication will
support identification of sensitive in vitro and in vivo biomarkers in laboratory
animals and people, appropriate interpretation of the health significance of these
biomarkers, guide the development of statistical criteriafor experimental work, and
enable development of predictive computational models of the dose-responserela-
tionship.
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Thomas A. Lewandowski, Gradient Corporation, Mercer Island, WA
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Datafor Trichloroethylene-induced Kidney Tumor in Rodents

Suggest an Epigenetic Mechanism of ACHON ..., 226
By Amy L. Lavin, International Life Sciences Institute,

Washington, DC
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Alan M. Jeffrey, New York Medical College, Valhalla, NY

Complex Shapes of Dose-Response Curvesas the
Summation of UnderlyingLow-Dose-Linear and Saturable
Processes

Rory B. Conolly!
CIT Centers for Health Research

David W. Gaylor2
Siences International

Kevin W. Gaido?®
CIT Centers for Health Research

Werner K. Lutz*
University of Wiirzburg

1 Center for Computational Biology & Extrapolation Modeling, CIIT Centersfor Health
Research, 6 DavisDrive, Research Triangle Park, NC 27709, USA, Tel: 919-558-1330, Fax:
919-558-1300

2 Sciences International, Inc., 13815 Abinger Ct., Little Rock, AR 72212, Tel: 501-228-
7009, Fax: 501-228-7010

3 CIHT Centers for Health Research, 6 Davis Drive, Research Triangle Park, NC 27709,
USA, Tel: 919.558.1236, Fax: 919.558.1300

1 Department of Toxicology, University of Wiirzburg, 9 Versbacher St, Wirzburg D-97078,
Tel: +49931 201 54 02, Fax: +49931 201 34 46
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The shapes of dose-response curves for adverse effects such as cancer and for
complex biochemical events such as signa transduction and gene expression are
determined by the interactions of multiple underlying processes. With cancer, for
example, alinear dose-response for DNA damage can combine with inducible but
saturable DNA repair to generate a variety of nonmonotonic and monotonic dose-
response shapes for tumor incidence. With the steroid hormone nuclear receptor
system, differencesin the relative affinities of ligand homo- and heterodimers for a
l[imited number of promoter siteson the DNA can lead to avariety of dose-responses
for gene expression. Computer simulation models of these systemswill be used in
this presentation to illustrate how complex dose-response behaviors arise from
underlying linear and linear-saturable processes. Laboratory data consistent with
the models will be presented, and statistical issuesin the design of experiments to
identify the behaviors will be considered.

From Mice to Men, Cancers Are Not Certain at Old Age

Francesco Pompei'
Harvard University

Richard Wilson?
Harvard University

We havestudied age-specificincidence datain humansfrom SEER (U.S.), Holland,
Hong Kong, and California and found that organ site incidences do not continue
to increase with age, but tend to peak at about age 80, and reduce thereafter toward
zero at age about 100. We have aso studied cancer incidence (age-specificmortality
for lethal cancers) in mice asa function of agein the EDO1 undosed controls study
cohort (“megamouse” 2- AAF study), where they have been alowed to livevery close
to their full natural lifetime, and found that similar turnover in incidence occurs at
about age 800 days, or 80% of lifetime. A Betafunction model [I(t) = (ae)-(1-Bt),
a, B, k are constants] fits both the mouse data and the human datawell. The model
suggests that increasing replicative senescence with age might be the cause of the
turnover at old age. Limited data from National Toxicology Program mice studies

Division o Engineering and Applied Sciences, Harvard Univerdty, Oxford Street,
Cambridge, MA 02138, Tel: 617-923-9900 x201, Fax: 617-923-9911, Email:
fpompei@post.harvard.edu

Department Of Physcs Harvard Univerdty, Oxford Street, Cambridge, MA 02133, Tel:
617-495-3387 Fax: 617-495-0416, Email: wilson@huhepl.harvard.edu
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Incidencesare normalized to the peak value for each organ site. Organ site incidence
data varied over two orders of magnitnde for hamans, and a factor of thves far mice,

suggest that the cancer agedistribution, including the turnover, may be time-shifted
by dietary restriction. Resultsof alarge rat cohort study ("twotonsof rats' nitrosomine
study) wereinconclusivesince the ratsdid not livelong enough for cancer incidence
to either turn over, or to reach certainty.

| mplications of Hormesisin Developmental T oxicology
Risk Assessment

Mehdi Razzaghi'
Bloomsburg University

In order to estimate the risk of an adverse effect to the offspring of individuals, as
aresult of exposure to a toxic substance during pregnancy, a common approach is
tofit adose-responsemodel to animal bioassay dataand use extrapolation to obtain

1 Bloomsburg University, Bloomsburg, PA 17815, Tel: 570-389-4628, Fax: 570-389-3599,
Email: razzaghi @bloomu.edu
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upper confidence limits on risk for afixed low exposure level. Equivalently, alower
confidence bound on exposure may befoundfor anegligible low level of risk. Often
amonotonic dose-response function is used to express the relationship between the
exposure level and probability of an adverse effect. Recently, however, there has
been some evidence to suggest that it is not uncommon to experience a horrnetic
effect in developmental toxicology experiments. Here, we consider theimplications
that a non-monotonic dose-response model will impose on risk assessment proce-
dures in developmental toxicology. We examine the current risk assessment para-
digm and explore potential roles that hormetic dose-response models can legiti-
mately play in different stages of that paradigm.

Using Dose and Time to Predict Acute and Chronic
Toxicity

Karl K. Rozman!
University of Kansas Medical Center, Kansas City, Kansas and Section of Environmental
Toxicology, GSF-Institul fiir Toxikologie, Neuherberg, Germany

Groups of 30 to 60 adult female rats were administered singe doses of 1,2,3,4,6,7,8-
heptachlorodibenzo-grdioxin (HpCDD) ranging from 1.0 to 10.0 mg/kg in corn oil
(4ml/kg) by gavage. Other groups of 30 females received aloading dose followed
by biweekly maintenance doses to provide kinetic steady state. Body weight and feed
intake were monitored at least five times per week. Animalswere observed daily for
signs of wasting/hemorrhage, anemia and lung cancer (visible as an abscess upon
death). The different effectswere alowed to run their time course unlessrats were
in severe distress in which case they were euthanized. Upon death, heart, lungs,
kidney, upper G.l. tract, sternum and femur, liver and any macroscopically observ-
able tumors were harvested, embedded, sectioned and stained with H&E. Micro-
scopic examination confirmed in every instance macroscopic observations regard-
ing anemia in that bone marrow cellularity weas dwaysless than 20% in exceptionaly
pale rats. Additional macroscopically not identifiable squamous cell carcinomas of
the lungs were aso detected by light microscopy. Acute toxicity (wasting/hemor-

! University of Kansas Medica Center, Department of Pharmacology, Toxicology
and Therapeutics, 3901 Rainbow Boulevard, Kansas City, KS 66160, Td: 913-583-7717,
Fax: 913-588-7501, Email: krozman@kumc.edu
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rhage) after singleoral dose could be predicted according to dose x time = k or dose
x time =k - W (W = effect) with less than 5% variability. Chronic toxicity (anemia
pluslung cancer plusliver cancer plusvariousnephropathies) also obeyed the same
laws of toxicology with even less variability. The repeated dosing regimen aso
provided exact dose x time predictions with the notable difference that the dose-
and time-responses became steeper and al other chronic effects were compressed
into anemia and lung cancer.

Experiencesin Nonlinear Dose-Response Relationshipsin
Chemical Evaluations

Dennis E. Jonest
Division of Toxicology, Agency for Toxic Substances and Disease Registry

The Agency for Toxic Substances and Disease Registry (ATSDR) has legidative
mandates to (1) identify chemicals of concern most commonly found at hazardous
waste sites; (2) evaluate the public health implications associated with exposure to
those chemicals in the environment; and (3) identify levels of significant human
exposure, defined as Minimal Risk Levels (MRLS), for those chemicals. Although
MRLsare usualy derived from traditional dose-response datafor the most sensitive
toxicological endpoint, either in humans or the most sensitiveanimal species, some
chemicals have been found to demonstrate nonlinear responses at low-level expo-
sures. Most notable of these type responses are chemicals which are known to be
essential nutrients or otherwise demonstrate beneficial health effectsat low-leve
exposures. In addition, preliminary evaluation of data from studies of infants ex-
posed to low levels of organic mercury in the form of ethyl mercury in vaccines
suggests a dose-related increase in odds ratios for four separate neurological end-
points. These data also suggest an apparent threshold, with nonlinear responses
(decreased odds ratios) at sub-threshold exposure levels. The implications of these
nonlinear responses are presented and discussed relative to evaluation of the data
for the purpose of developing chemical-, route-, and duration-specific MRLSs.

' Divison of Toxicology, Agency for Toxic Substancesand Diseese Registry, MS-E29, 1600
Clifton Rd., Atlanta, GA 30333
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Risk M odeling Implications of M echanistic Differences
between Low and High Dose Effects of Arsenic

Christopher S. Wells!
Gradienl Corporalion

Tracey M. Slayton?
Gradient Corporation

Barbara D. Beck®
Gradient Corporation

Tho_masA. L ewandowski4
Gradient Corporation

Several lines of evidence suggest that the dose-response relationship for arsenic
carcinogenesis, particularly at low doses, is likely nonlinear. A number of in vitro
arsenic toxicity studies show that treatment of cultured cells with low doses of
arsenic (0.1 to about 10 uM) stimulates cell proliferation or increased cellular
viability, whereas higher doses of arsenic increase cytotoxicity. Very low doses of
arsenic have been shown to induce cellular protective mechanisms. Treatment of
human keratinocytes with micromolar concentrations of arsenic upregulates genes
relating to DNA excision repair, oxidative stress, and cellular redox control. In
several studies, cultured cells treated with low doses of arsenic (0.5to 10 uM) were
more resistant to subsequent treatment with higher levelsof arsenic or other toxic
agent?. The nonlinearity of these cellular effects related to carcinogenesis may
qualitatively scale to the level of whole organisms. Treatment of rats with 75 ppm
arsenic in drinking water, both alone and in chemical mixtures, antagonizes the
development of tumor precursor lesions. Epidemiological dataon bladder andlung
cancersin human populations exposed to a wide range of doses of arsenic (10 ppb
to about 960 ppb) are best fit with nonlinear biologically based models, according

Gradient Corporation, 238 Man Street, Cambridge, MA 02446, Tel: 617-395-5525, Fax:
617-395-5001 Email: cwells@gradientcorp.com

Gradient Corporation, 1612 Shenandoah Drive, Waunakee, W1 53597, Tel: 608-850-
5557, Fax: 608-850-5667, Email: tslayton@gradientcorp.com

Gradient Corporation, 238 Man Street, Cambridge, MA 02446, Tel: 617-395-5518, Fax:
617-395-5001 Email: bbeck@gradientcorp.com

t Gradient Corporation, 9725 SE 36 Street, Suite 404, Mercer |sland, WA 98040, Td: 206-
2754767 Fax: 206-275-4774, Email: tlewando@gradientcorp.com
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to Bayesian model selection approaches. Together, these findings provide support
for the common scientific consensus on a nonlinear dose-response relationship for
arsenic carcinogenesis, and should be considered in the development of risk mod-
els. It is plausible that the toxicological consequences of low doses of ingested
arsenic may be misstated by using linear models that disregard existing mechanistic
data. Nonlinear models may more accurately predict effectsat lower, more environ-
mentally relevant, arsenic doses.

Hormesis, L ow-Dose Car cinogenicity and Low Dose Anti-
Carcinogenicity Occur in the Same Animal and with the
Same Chemical

Richard Wilsont
Harvard University

Many authors tend to consider that if a chemical substance or other carcinogenic
agent shows anticarcinogenicity at low doses or hormetic effects, then that is the
only effect of that substance. However, | argue that thisis an overly simplistic view.
There are, for example, data (Kocibaet al.) where 2, 3, 7, 8 dioxin wes fed to rats
and the low dose effect was a reduction in al tumors. At higher doses, liver tumors
increased, although other tumors continued to decline. The carcinogenic/

anticarcinogenic effect is unequivocal although the low dose reduction is often
considered to beaspuriousartifact. In the ED0O1 study, 2-AAF induced liver tumors
with an approximatelinear behavior but bladder tumors displayed a threshold. Not
so wdl recognized is that the data, if they are believed, show a hormetic effect for
reticular cell sarcoma. In earlier papers we have shown that the CBDS data base of
the National Toxicology Program showsthat anumber of chemical sshow significant
anticarcinogenic responses (20% to 30%) as carcinogenic ones (40% to 50%), and
these cannot be attributed to ordinary statistical sampling behavior. Many chemicals
show both. The additive result of common tumors being reduced and rare tumors
being increased is a net horinetic behavior. Implications for understanding of
human cancer risks will be discussed.

1 Department of Physcs Harvard Univerdty, Oxford Street, Cambridge, MA 02138, Tel:
617-495-3387 Fax: 617-495-0416, Email: wilson@huhepl.harvard.edu
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Data for Trichloroethyleneinduced Kidney Tumorsin
Rodents Suggest an Epigenetic Mechaniam of Action

Amy L. Lavin®
Milretek Systems, Inc.

Catherine F. Jacobson?
Mitretek Systems, Inc.

John M. DeSesso?®
Mitretek Systems, Inc.

Controversy exists regarding the potential of trichloroethylene (TCE) to cause
kidney cancer in humans. Thiscontroversy isexemplified by the ongoing evaluation
of the issue by the U.S. Environmental Protection Agency. A n assessment of robust
epidemiology data fails to support an association of TCE exposure at environmen-
tdly relevant levels with kidney cancer incidence. A lone exception is a study in
cardboard factory workers purportedly exposed to extremely high concentrations.
Chronic, high-dose TCE exposures in rats, but not mice or hamsters, have been
shown to induce kidney tumors. The dightly elevated renal tumor incidencesin the
animal studies have dways been seen in association with high incidences of chronic
nephrosis and renal cytomegaly. The constant presence of nephrotoxicity in ani-
mals dosed chronically with high levels of TCE, in combination with mechanistic
data showing TCE to be nongenotoxic, indicates an epigenetic mode of action.
Furthermore, these data suggest that extrapolation of effects observed at high
exposure levels to low-dose exposure scenarios is inappropriate. Based on this
review of the data, it isconcluded that a nonlinear approach must be used to derive
credible safe exposure levels for humans.

1 Mitretek Systems, Inc., 3150 Fairview Park Drive South, Fals Church, VA 22042

2 Mitretek Sydems Inc., 3150 Fairview Park Drive South, Fals Church, VA 22042, Tel: 703-
610-1746 Fax: 703-610-1702, Email: cjacobso@mitretek.org

3 Mitretek Sygems Inc., 3150 Fairview Park Drive South, Fals Church, VA 22042, Tel: 703-
610-2130 Fax: 703-610-1702, Email: jdesesso@mitretek.org
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Quantitation of the Dose Response for Formation of
DNA Adducts in Rat Liver by 2-Acetylar ninofluorene

Gary M. Williams,! Michad J. Iatropolous,? Jim-Dong Duan,? and
Alan M. Jeffrey4d
New York Medical College

Thisstudy examined the dose response for AAF-DNA adduct formation in rat liver
at two exposures below 28.2 mg/kg which did not produce preneoplastic lesionsin
apreviousstudy and at 94.1 mg/kg and above, which produced promotable neopla-
siain the previous study.

AAF exposure produced two major adducts: the deacetylated C8-dG-AF and N?-
dG-AAF, identified based on sensitivity to nuclease P, digestion and chromato-
graphic properties and several minor adducts chromatographically similar to N2dG-
AAF. After 12 weeks of exposure to AAF, the lowest dose group (0.92 mg/kg)
showed no detectable C8-dG-AF adducts (<1 in 10'* normal nucleotides), but there
was radioactivity associated with the area of N2dG-AAF adducts which appeared
characteristic of AAF-DNA adducts but was not quantitatively different from the
controls since a similar radioactivity/spot was also present in the control animals.
The total number of adducts increased with exposure and after cessation of expo-
sure, decreased. Theratio of N2-dG-AAF to C8-dG-AF adducts increased over time
and wasinversely proportional to dose, ranging from 0.4after asingle exposure to
AAF to >30at 16 weeks.

Thus, under the conditions of this experiment, the low cumulative exposure of
0.92mg/kg over 12 weekswas a no-observed-effect level for C-8-dG-AF DNA adduct
formation (<1 in 10'). For the N2-dG-AAF adduct formation, we are still trying to
resolve the extent to which olive oil contributes to this minor spot.

1 New Yok Medica College, Dept Pathology, BSB 425, Vahalla, NY, 10595, Tel: 914 594
3105, Fax: 914 594 4163, Email: gary_williams@nymc.edu

2 New Yok Medical College, Dept Pathology, RSB 423, Vdhalla, NY, 10595, Tel: 914 594
3106, Fax: 914 594 4163, Email: mcnell3@aol.com

3 New Yok Medicd College, Dept Pathology, BSB 425, Valhalla, NY, 10595, Tel: 914 594
3654, Fax: 914 594 4163, Email: JianDong_Duan@nymc.edu

4 New Yok Medical College, Dept Pathology, RSB 425, Vahala, NY, 10595, Tel: 914 594
3105, Fax: 914 594 4163, Email: amjl@columbia.edu
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Raymond A. Guilmette, Los Alamos National Laboratory,
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Low-Dose Protective Mechanisms: Implications for Risk

By Bobby R. Scott, Lovelace Respiratory Research Institute,
Albuquerque, NM

Dale M. Walker, Lovelace Respiratory Research Institute,
Albuquerque, NM

Vernon Walker, Lovelace Respiratory Research Institute,
Albuquerque, NM

James Aden, Lovelace Respiratory Research Institute,

Albugquerque, NM

Yohannes Tesfaigzi, Lovelace Respiratory Research Institute,
Albuquerque, NM

Nonlinear Dose-Response Curves in the Immune System Following
Whole-Body X-Irradi@tion........ccoveeeueeererenieneceretceresenesissnnsessssessssmesssesssssssessnens 233
By Shit-Zheng Liu, Norman Bethune University of Medical Sciences,
Changchun, China

The Hormetic Health Effects of Radiation Observed in the Incident

of Co-60 Contaminated ApartmentsSin TAWEN ........ccceeveeiiniriineniinisireeesenre s 234
By Y.C. Luan, Nuclear Science & Technology Association, Taipei,

Taiwan, ROC

Nonlinearity in Biology, Toxicology, and Medicine. Vol. 1, No. 2, 2003

https://scholarworks.umass.edu/dose_response/vol1/iss2/8 16



Calabrese and Kostecki: Abstracts from the Nonlinearity Conference

Abgtracts from the Nonlinearity ConferenceJune 11 to 13, 2002

M.C. Shieh, Nuclear Science & Technology Association, Taipei,
Taiwan, ROC

ST. Chen, Nuclear Science & Technology Association, Taipei,
Taiwan, ROC

K.L. Soong, Nuclear Science & Technology Association, Taipei,
Taiwan, ROC

W.K. Wang, Nuclear Science & Technology Association, Taipei,
Taiwan, ROC

C.M. Tsai, Atomic Technology Foundation. Taipei, Taiwan, ROC
W.L. Chen, NBC Protection Society, Taipei, Taiwan, ROC

T.S. Chou, NBC Protection Society, Taipei, Taiwan, ROC

SH. Mong, NBC Protection Society, Taipei, Taiwan, ROC

J.T. Wu, NBC Protection Society, Taipei, Taiwan, ROC

C.P. Sun, NBC Protection Society, Taipei, Taiwan, ROC
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Kyoto, Japan

Takaji Ikushima, Kyoto University of Education, Kyoto, Japan
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P.S Rao, Case Western Reserve University, Cleveland, OH
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Impact of Cdlular Defense M echanisms and
Bygander Effects on a Multi-Stage Carcinogenesis M odd

Helmut Schéllnberger!
Universily of Salzburg

Margaret G. Ménache
University of New Mexico

Rob Stewart3
Pacific Northwest National Laboratory

Werner Hof mann#
Universily of Salzburg

The shape of dose-response curves for cancer incidence may be fundamentally
altered by damage-induced adaptations in cellular defence mechanisms and by
signal-niediated changes in cells that are not directly damaged by radiation (i.e.,
bystander effects). We have published a 3-stage clonal expansion model that is
conceptually similar to the multi-stage cancer models proposed by Moolgavkar and
others, except our model includes refinements to account for the hypothesized up
regulation of DNA repair and radical scavenging in response to radiation damage.
This cancer model successfully explains the hormesis effects suggested by some
epidemiologic studies of lung cancer mortality (Schéllnberger et al., Human and
Ecological Risk Assessment, 7(4), 867—-890, 2001).

A perennial challenge in the ongoing effort to develop mechanism-based car-
cinogenesis models is the lack of suitable datasets to rigorously test hypothesized
mechanisms of action. In this presentation, strategiesto incorporate radiologically
induced cellular defence mechanisms and bystander effects into multi-stage cancer
modelsare discussed. Then, the results of some modelling studies that examine the
potential impact of these phenomena on cancer incidence rates as a function of
dose and dose rate are presented. These studies are designed to test the feasibility

University of Salzburg, Ingtitute of Physicsand Biophysics, Hellbrunnerstr. 34, A-5020

Salzburg, AUSTRIA/EUROPE, Td: ++43 662 8044 5709, Fax: ++43 662 8044 150, Email:

helmut.schoellnberger@sbg.ac.at

2 University o Newv Mexico, School of Medicine, Departmentof Pediatrics, Albuquerque,
Nenv Mexico 87131, USA, Td: ++1 505 272 3071, Fax: ++1505 272 0329, Email:
mmenache@salud.unm.edu

3 Pacific Northwest National Laboratory (PNNL),PO Box 999, MAN K3-55, Richland, WA
99352-0999 USA, Tdl: 509-375-6851, Fax: 509-375-6936, Email: trebor@pnl.gov

1 University of Sazburg, Ingtitute of Physicsand Biophysics, Hellbmnnerstr. 34 A-5020

Salzburg, AUSTRIA/EUROPE, Tdl: ++43% 662 8044 5705, Fax: ++43 662 8044 150, Email:

werner.hofmann@sbg.ac.at
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of using datafrom epidemiologic studiesal one to differentiate among hypothesized
mechanisms of action.

Human Cells Respond to Changesin Background
Radiation by Inducing Specific Heat Shock Protein
Members

Satya P. Saxena!
Lovelace Respiratory Research Indtitute

Neerad C. Mishra?®
Lovelace Respiratory Research |nstitute

Steven W. Al en®
Lovelace Respiratory Research Institute

Raymond A. Guilmette*
Los Alamos National Laboratory

Accumulating evidence suggests that exposure of mammalian cells to low-closes of
radiation induce cellular responses that modulate the level of damage caused by
subsequent radiation exposure. Induction of these responses to low-doses of radia-
tion may have serious implications for human health. However, the cellular re-
sponses evoked in human cells by varied radiation exposures within the range of
natural background radiation are not fully known. Recent studies highlighted the
importance of heat shock proteins (Hsps) as an effector of the apoptotic response
in cellsexposed to low-dosesof radiation. We investigated the expression of Hspsin
responses of normal human cellsexposed to radiation environmentsat (-2mnG/y),
or below (0.4 mG/y) that of natural background. Cultures of normal human
fibroblasts (FBs) and bronchial epithelial cells (BECs) were maintained in normal
and reduced background radiation environments for a total of 10 passages.
Immunoblot analyses of total protein from FBs and BECs revealed cell-specific
alterations in Hsp expression in cells grown in reduced background radiation

1 Lovelace Respiratory Research Institute, 2425, Ridgecrest Dr, SE, Albuquerque, NM
87108, Tel: 505-348-9493, Fax: 505-348-4980, Email: ssaxena@lrri.org

?  Lovelace Respiratory Research Institute, 2425, Ridgecrest Dr, SE, Albuquerque, NVI
87108, Tel: 505-348-9125, Fax: 505-348-4980, Email: nmishra@lrri.org

3 Lovelace Respiratory Research Institute, 2425, Ridgecrest Dr, SE, Albuquerque, NV
87108, Tel: 505-348-9493, Fax: 505-348-9159, Email: sallen@lii.org

4 LosAlamos National Laboratory, Los Alamoes, NM 87545, Tel: 505-665-5059, Fax: 505-
665-2052, Email: rguilmet@lanl.gov
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environment, While FBs responded to changes in background environment by
inducing Hsp90b and Hsp70, these protiens were not alteredin BECs. Instead, high
basal levels of Hsp27 were observed in BECs grown in reduced radiation back-
ground environment. The reduction of apoptosis has been suggested asone of the
mechanisms of Hsp-mediated radio-adaptive responses. We next investigated whether
alterations in Hsp levels modulate apoptotic responses of FBs and BECs to subse-
quent ionizing radiation (IR) exposure. Apoptosiswas assessed by DNA fragmenta-
tion analysis. Conipared to normal radiation environment, IR (10cGy)-induced
apoptosis induction wassignificantly inhibited in Hsp overexpressing FBs and BECs
grown in reduced background radiation environment. These studies suggest that
normal human cells respond to changes in background by inducing specific Hsp
family members that modulate the level of damage caused by subsequent radiation
exposure.

L ow-Dose Protective M echanisms I mplicationsfor Risk
Assessment

Bobby R. Scott,! Dale M. Walker,? Vernon E. Walker,? James Aden,* and
Y ohannes Tesfaigzi,*
Lovelace Respiratory Research Institule, Albuguerque, NM

Our research has focused on modeling stochastic effects induced in cells by low
doses of genotoxicant agents. Using genomic instability state (GIST) models and
Bayesian analyses, we can predict induced mutation, cell killing, and neoplastic
transformation frequencies after low doses. Our most advanced GIST model is
NEOTRANS,. Ttincludes both hypersensitive and resistant cellswith mainly hyper-
sensitive cells affected by low doses. NEOTRANS, also includes pathwaysfor induc-
tion of genomic damage, repair (error-free), misrepair, apoptosis, and necrotic
death. Thismodel isbeing used to investigate the validity of the linear no-threshold
(LNT) hypothesis as it relates to the induction of excess problematic nonlethal

! Lovelace Respiratory Research Institute, 2425 Ridgecrest Drive SE, Albuquerque, NM

87108, Tel: 505-348-9470, Fax: 505-3484980, Email: bscott@LIUU.org

Lovelace Respiratory Research Institute, 2425 Ridgecrest Drive SE, Albuquerque, NVI

87108, Tel: 505-348-9467, Fax: 505-348-4980, Email: dwalker@LRRI.orgex

Lovelace Respiratory Research Institute, 2425 Ridgecrest Drive SE, Albuquerque, NVI

87108, Td: 505-348-9502, Fax: 505-348-4980, Email: vwalker@LRRI.org

1 Lovelace Respiratory Research Institute, 2425 Ridgecrest Drive SE, Albuguerque, NVI
87108, Tel: 505-348-9157, Fax: 505-348-4980, Email: jaden@LRRI.org

5  Lovelace Respiratory Research Institute, 2425 Ridgecrest Drive SE, Albuquerque, NV
87108, Td: 505-348-9495, Fax: 505-348-4980, Email: ytesfag@LRRI.org
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mutationsand excess neoplastic transformations. Based on our modeling research,
the LNT hypothesis cannot be valid if any of thefollowing protective effects occurs
at low doses: (1) no repair errors below a threshold dose rate; (2) induced addi-
tional repair mechanisms above a threshold damage level; or (3) an induced
bystander effect for apoptosis that protects from problematic nonlethal spontane-
ousmutationsand spontaneous neoplastic transformations. Using NEOTRANS,, we
show that low-dose induced protection against spontaneous mutations and neoplas-
tic transformations via the postulated bystander effect for apoptosis leads to a
stochastic threshold (StoThresh) dose. For the indicated stochastic effects, relative
risk below the StoThreshis<1, in contrast to values>1 (aswould be expected based
on the LNT hypothesis). We aso show that the postulated protection (viaa by-
stander apoptosis effect) from spontaneous stochastic effects after low doses is
consistent with observed hprt mutation induction in T-lymphocytes of mice indi-
rectly exposed to ethylene oxide (viainhaled ethylene) and with in vitro data for
radiation-induced neoplastic transformation. Our results indicate that reliance on
the LNT hypothesis for low-dose risk assessment of stochastic effects can lead to
greatly overestimating the actual risk. (Research supported by the U.S. Department
of Energy, Offices of Science and Environmental Management).

Nonlinear Dose-Response Curvesin the Immune System.
Following Whole-Body X-lrradiation

Shu-Zheng Liu?
Jilin University Norman Bethune Medical Center

Since thefirst observation by the author's group in 1979 of immunologic stimula-
tion amonginhabitantsin an area of high natural radioactivity in China, systematic
experimental studies on immunity have been made in mice and in cell lines with
multi-parameters after X-irradiation with 10 dose points ranging from 0.025 = 6.0
Gy. A total of 51 immunologic parameterswere assessed in more than 1200 mice and
other biological systems. With immunoenhancing parametersan inverted J-shaped
curve was observed with most significant up-regulation in immune functions at
doses of 0.05 and 0.075 Gy, with an average increase in amplitude by 37.4% and
53.4%, respectively, and suppression at 4 and 6 Gy with an average decrease in
amplitude by 56.1% and 63.9%, respectively. With inlrnunodepressing parameters
aJ-shaped curve was usually found with most significant down-regulation of specific

' Radiobiolgy Research Unit, Minigry of Health, IKC on campus of Jilin Universty
Norman Bethune Medicd Center, 8 Xinmin Street 130021, Changchun, China, Tel: +86-
431-564-5911, Ext. 6443, Fax: +86-431-563-3205, Email: liushzh@jlu.edu.cn
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paranieters at a dose of 075 Gy which caused a depression by 32.3%in average and
most significant up-regulation at 2 Gy which caused a stimulation by 239.6% in
average. The T lymphocyteswere most significantly activated by low dose radiation
with a tendency of preferential differentiation toward the T hl subtype. Functional
tests showed enhancement of anti-cancer immunity of the animals after low dose
radiation. The results may well explain the observation of the significant decrease
in growth rate and metastasis of implanted malignant tumor cellsin mice exposed
to whole-body X-irradiation with low doses. These experimental studies may lead to
the conclusion that not all radiation is harmful and the influence of
immunoenhancement has to be considered in the assessment of low level radiation
effects on health.

The Hormetic Health Effects of Radiation Observed in
the Incident of Co-60 Contaminated Apartmentsin
Tawan

Y.C. Luan,' M.C. Shieh,? ST. Chen,® WK. Wang,* K.L. Soong,” CM. Tsai,’ WL.
Chen,” T.S. Chou,® SH. Mong,?JT. Wy, and CP. Sun'!

An incredible radiological incident happened in Taiwan. About 1700 apartments
were contaminated with Cobalt-60, and about 10,000 residentsin the contaminated
apartments had received quite an amount of garnnia radiation dose averaged in

! Nuclear Science & Technology Association, 4t F, No: 245, Sec.3, Roosevelt Rd., Taipel,
Taiwan, ROC Tdl: 02-29645650, Fax: 02-29523045, Email: Nusta66@hotmail.com

2 Nuclear Science & Technology Association, 4 F, No: 245, Sec.3, Roosevet Rd., Taipei,
Taiwan, ROC Tedl: 02-23651717-2605, Fax:03-4713791, Email:mcshieh@iner.gov.tw

4% F No 245, Sec. 3, Koosevdt Kd., Taipei, Tawan, ROC, Tel: 034898965, Fax: 03-
4713791
4™ F, No: 245, Sec. 3, Roosevet Kd.,, Taipei, Taiwan, ROC, Tel: 02-23651717-5609, Fax:
034713791
4™ F, No: 245, Sec. 3, Koosevdt Rd., Taipei, Taiwan, KOC, Td: 02-2361717-5900, Fax: 03-
3713791
Atomic Technology Foundation, 7 F, No: 28, Pei-ping Eagt Rd., Taipei, Tawan, ROC,
Td: 02-23212428 Fax: 02-23570860, Email: cmtsai@atf.org.tw
NBC Protection Society, F7-1, No: 289, Lin-San North Rd. Taipei, Taiwan, ROC, Tdl: -2-
86671906, Email: wichen@ym.edu.tw

8 NBC Protection Society, F7-1, No: 289, Lin-San North Rd. Taipei, Taiwan, ROC, Tel: 03-
4797914, Fax: 034713791

9 NBC Protection Society, F7-1, No: 289, Lin-Sen North Rd. Taipei, Taiwan, ROC, Tdl:
0228238205, Fax: 02-28238205, Email:nbcsocmong@hotmail.com

w JT.wu, NBC Protection Society, F7-1, No: 289, Lin-San North Rd. Taipei, Taiwan, ROC,

. Tel: 801-583-arup Ext. 2154, Email: wuj@aruplab.com

' NAC Protection Society, F7-1, No: 289, Lin-San North Rd., Taipei, Taiwan, ROC, Tel: 03-

5712121-52728, Fax: 03-5725960, Email: jingying@ms22.hinet.net
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about 0.34 Sv, highest up 7 S until 2000. Based on the RERF report and ICRP
publication, such an amount of radiation could induce the residents to have many
times of excessspontaneous |leukemia and some excesssolid cancer deaths. Actually
no excess leukemia and solid cancer deaths were observed; on the contrary, the
overall spontaneous cancer deaths of the residents were sharply reduced to only 3.6
% of the general population. (So that) The radiation received continuously or
chronically (nomenclature hereafter as chronic radiation) in the Co-60 contami-
nated apartments is dwayshormetic and could effectively immune from cancers. It
isdifferent from the health effects of radiation received instantaneously or acutely
(nomenclature hereafter as acute radiation) in the nuclear explosion or accident
that could cause higher cancer mortality, cause injure syndrome, and even cause
death in higher doses. As chronic radiation is very much similar to the radiation
received in the peaceful use of nuclear energy and medical use of radiation, chronic
radiation should never be feared by the public but should be earnestly and medi-
caly employed asimmunity from cancers, and possibly also immunity from heredi-
tary diseases. The conventionally policies, standards and measures for radiation
protection should be managed separately for benefiting not only the peaceful use
of nuclear energy and medical use of radiation, but also for the effective use as
immunity from cancersand hereditary diseases. Because the hormetic health effects
of chronic radiation might also occur in other substances, such as toxic chemicals
and microorganisms, one might conclude that any toxic substances received in low
dose rate is dways beneficial to humanity even in quite a dose amount.

Dose-Response Relationship: Chromosome Aberrations
in Residents at the High Background Radiation Areas
in Ramsar, Iran

S.M. Javad Mortazavi'
Kyoto University of Education
Takaji Tkushima?

Kyoto University of Education

P. Andrew Karam?
University of Rochester

1 Bidogy Divison, Kyato University of Education, I Fukakusa-Fujinomori-cho, Fushimi-
ku, Kyoto 612-8522, Japan, Tel: +81-75-644-8266, Fax: +81-75-645-1734, Email:
mortazar@kyokyo-u.ac.jp

2 Biology Divison, Kyoto Univerdity of Education, 1 Fukakusa-Fujinomori-cho, Fushimi-
ku, Kyoto 612-8522, Japan, Tel: +81-75-644-8266, Fax: +81-75-645-1734, Email:
mortazar@kyokyo-u.ac.jp

3 University of Rochester, Department of Environmental Medicine, University of
Rochester, 601 Elmwood Ave Box HPH, Rochester, NY 14642, USA, E-mail:
Andrew-Karam@URM C.Rochester.edu
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There is not yet a solid dose-response relationship for chromosome aberrations
induced by chronic exposure to elevated environmental levels of radiation in
human. Among potential study populations, mostly occupationally exposed indi-
viduals, residents in areas with elevated levelsof natural radiation may provide the
most reliable information because more accurate dosimetry is possible and, unlike
accidental exposures, lion-radiation factors can be omitted. A linear relationship
between the cumulative dose and the frequency of chromosome aberrations have
been reported in residents at the high background radiation areasin China. People
in some areas of Ramsar, a city in northern Iran, receive an annual radiation
absorbed daose from background radiation that is substantially higher than the 20
mSv yr~' that is permitted for radiation workers, and radon levelsin some regions
of Kamsar are up to 3700 Bq/m? (over 100 pCi/L). For example, the residents of
one dwelling in Ramsar receive doses estimated to be at |east 160 mSv yr!, that is
cight times higher than the dose limit for radiation workers. The people living in
these high radiation areas are of considerable interest because they and their
ancestors have been exposed to abnormally high radiation levelsover many genera-
tions. Using chromosomal aberrations as the main endpoint, we carried out an
experiment to assess the dose-effect relationship in the residents of high back-
ground radiation areas of Ramsar. A cytogenetical study wes performed on 21
healthy inhabitants of the high background radiation areas and 14 residents of a
nearby control area. Our preliminary results Show no positive correlation between
the frequency of chromosome aberrations and the cumulative dose of the inhabit-
ants.

Residential Radon in U.S. Countiesvs. Lung Cancer in
Women who Predominantly Never Smoked

K.T. Bogen'
Lawrence Livermore National Laboratory

J- Cullen®
Univ. California, Berkeley

Previous observations that mean-residential-radon (Rn) levels for U.S. counties
exhibits a negative ecologic association with age-adjusted county rates of lung-
cancer mortality (LCM) may be erroneous because of either (I) confounding

! Hedth and Ecologicd Assessment Divison, L-396, Lawrence Livermore Nationd Labo-
ratory, Livermore, CA 94550, USA

2 Dept. Epidemiol. & Biogtat.,Schl. Public Health, Univ. Cdifornia, Berkdey, CA 94710,
USA
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unaddressable by any county-level (“ecological”) study design, or (11) county-level
factorssuch asRn/smoking or age/radon correlationsor exposuremisclassifications
from the use of disparate data sources. T o address issues 1, age-specific LCM rates
for white women in 2,821 U.S. counties who died in 1950 to 54 at age 40t (-11%
of whom ever smoked), or at age 60+ (—5% of whom ever smoked), were compared
to county Rn levels newly estimated from U.S. Rn, climatic and geological-survey
data. After adjusting for age and subsets of 21 county-level socioeconomic, climatic
and other factors, significant negative LCM vs Rn trends were found for both age
groups, particularly among counties with 5100 Bq m= Rn (p< 0.00087). But relative
risk (RR,q;) for LCM wassignificantly elevated (1< [95% conf. limits on RR,,,] < 1.46)
in 20% of 210 comparisons made of LCM in countieswith >150 vs 65 to 100 Bq m~
$ Rn— comprising the first reported ecological evidence of increased LCM risk due
to radon based on U.S. county data. Analysesshowing significantly increased risk all
involved adjustment for for climatic and other factors likely to have influenced
exposure to indoor air contaminants such as Rn and (secondary) cigarette smoke.
Results from this study are most consistent with a nonlinear relation between 1950
to 54 LCM and U.S. residential radon among white women who predominantly
never smoked.

Treatment of Confounding Factorsin Ecological Study
Ted of Linear-No Threshold Theory

Bernard L. Cohen!
University of Pittsburgh

Methods for treating potential confounding factors (CF) in our test of the Linear-
No Threshold theory with dataon lung cancer mortality vs.radon exposurefor 1601
U.S. countiesare reviewed. The basic treatment is stratifying the data on a CF and
analyzing each stratum separately; this greatly reduces the confounding effects. This
has been donefor over 100 potential CF of various types— socioeconomic, environ-
mental, geographic, etc. A method of correlation by rank with both radon and lung
cancer isintroduced as a rapid screening procedure; it has been used on over 500
potential CF. The decisive issue here is "plausibility of correlation" (PoC). For
smoking, a CF that appears explicitly in the relationship being tested, correlations
(notby rank) and width of thedistribution arerelevant. Poc isavery important tool
here. Systematic differences in radon exposure for smokers and non-smokers is

L PhyscsDept., University of Pittsburgh, Pittsburgh, PA 15260, Tdl: 412-624-9245, Fax: 412-
6249163 Email: blc@pitt.edu
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treated and shown not to be effective. V ariationsin smoking intensity (cigarettes per
day) correlated with radon exposures are treated using an approach proposed by
BEIR-VI, and even extended to include correlationswith fraction of population that
smokes. Again, PoC is the vitd factor. Other issues treated include urban-rural
differences in both smoking (urban people smoke more) and radon exposure
(lower in urban homes), systematic differences in time spent in homes with high
and low radon levels, combinations of CF, and time period in which lung cancer
mortality isconsidered. In all of these studies, nothing was encountered that could
substantially modify the original conclusion that Linear-No Threshold theory fails
very badly in the low dose region, grossy overestimating the cancer risk from low
levd radiation.

The Bolton-Brush Radiographic Growth Studies

B. Holly Broadbent, D.D.S.! and P.S. Rao, Ph.D.?
Case Weslern Reserve University

Preliminary results of a review of the current health status of subjectsin alongitu-
dinal radiographic study of human growth and development. T he study was begun
in the late 1920's and wes focused on “normal” children from preschool years
through teenage to early adulthood.

There were a total of 4300 persons associated with the investigation, with a range
from a single series of radiographs to others with up to 12 complete series. Some
individuals had as many as 45 pairs of cephalometric X-rays over the span of the
active records accumulation. The collection totals approximately 250,000 radio-
graphs.

Many of the subjects have been recalled over the last 10 years, giving a general
picture of inordinately good health for their ages, of middle sixties through late
seventies.

The series of diagnostic radiographsincluded al of the developing epiphysesof
the body aswdl asa pair of cephalometric X-rays— atotal of 13to 15 X-raysat each
examination.

The original directors of the associated studies, Dr. TW. Todd of the Brush
Inquiry, and Dr. B.H. Broadbent of the Bolton Study, exercised particular carein

Director, Bolton-Brush Growth Study Center, Clinical Professor of Orthodontics, Case
Western Reserve University, 10900 Euclid Ave, Cleveland, OH 44106

2 Department of Radiology, Case Western Reserve University, 10900 Euclid Ave., Cleve-
land, OH 44106

238 Nonlinearity in Biology, Toxicology, and Medicine. Vol. 1, No. 2, 2003.

https://scholarworks.umass.edu/dose_response/vol1/iss2/8

26



Calabrese and Kostecki: Abstracts from the Nonlinearity Conference

Abdracts from the Nonlinearity Conference June 11 to 13, 2002

documenting the equipment, materials and X-ray exposures for each examination
providing accurate datafor reconstruction of the dosages involved.
The authors believe that the significant amounts of low-level radiation received by
the subjects have indeed had no detrimental effect but rather a hormetic effect on
the participants.

Avisual history of the Studies’ activities, participants and data reconstruction are
presented.
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Effect of Low-Dose Cadmium on Stress Proteins
and Survival in Human Prostate Cells

Jaya P. Gaddipati'
Uniformed Services University of the Health Sciences

Rajesh Kumar NV?
Uniformed Services University of the Health Sciences

William Achanzar®
NCI at NILHS

Radha K. Maheshwari*
Uniformed Services University of the Health Sciences

Wayne B. Jonas®
Samueli Institute

Cadmium isan environmental pollutant linked to prostate and lung cancersand is
classified asa human carcinogen. Exposure to low doses of toxinssuch as cadmium
can generate adaptive response, a phenoinenon known ashormesis. Recent experi-
ments with low dose exposures with cadmium suggest that cellular responses to
these low levels may induce tolerance to cadmium and prove protective to higher
toxic exposures. Cadmium has been shown to induce the expression of stress
proteins, metallothionein (MT) and heat shock protein (HSP-70). Thisstudy evalu-
ates the effect of low and ultralow doses of cadmium in normal human prostate cells
(RWPE-1).These normal human prostate cells were treated with low and ultralow

"

Department of Pathology, Uniformed Services University of the Health Sciences, 4301
Jones Bridge Koad, Bethesda, MD 20841, Tel: 301-295-3461, Fax: 301-295-1640, Email:
Jgaddipati@usuhs.mil

Department of Pathology, Uniformed Services University of the Health Sciences, 4301
Jones Bridge Koad, Bethesda, MD 20841, Tel: 301-295-3461, Fax: 301-295-1640, Email:
rkumar@usuhs.mil

Inorganic Carcinogenesis Section, NCI at NIEHS, MD F0-09, 111 Alexander Dr., Re-
search Triangle Park, NC 27709, Tel: 919-541-3768, Fax: 919-541-3970, Email:
achanzar@niehs.nih.gov

Department of Pathology, Uniformed Services University of the Health Sciences, 4301
Jones Bridge Road, Bethesda, MD 20841, Tel: 301-295-3497, Fax: 301-295-1640, Email:
rmaheshwari@usuhs.mil

Department of Family Medicine, Uniformed Services University of the Health Sciences,
4301 Jones Bridge Koad, Bethesda, MD 20841, Tel: 301-295-3461, Fax: 301-295-1640,
Email: whbjonas@aol.com
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doses of cadmium for 20 weeks. No significant changes were detected in cell
morphology, cell viability, cytotoxicity in these cells. However, a slight increase in
metallothionein protein level was observed with low level cadmium treatments
compared to normal cells. Gene expression patternsfor MT and HSP-70 and the
potential protective role of low dose treatments in these cells will be discussed.

Non-lmmunological Senstization: A Nonlinear Host
Dose-Response to Repeated L ow-Levd Chemical
Exposures

IrisR. Bel'
Univergty o Arizona

Carol M. Baldwin?
Univergty o Arizona

Gary E. Schwartz®
Univergty o Arizona

An extensive body of pharmacological and biobehavioral research has demon-
strated that subsets of animals and people exhibit a progressive amplification of
response size over the course of repeated, intermittent exposures to the same dose
of agiven chemical or environmental stressor (Antelman 1994; Bell et al. 1992; Bdll
et al. 1999, 2001). Agents that can initiate sensitization include a wide range of
structurally unrelated substances, e.g., volatile organic compounds such as formal-
dehyde or toluene, pesticides such aslindane, and stimulant drugs such as cocaine
or amphetamine. Substances or stressors not involved in the initiation phase can
then cross-sensitize and subsequently elicit amplified responses. Individual differ-
ence traits and factors that favor enhanced sensitizability include female gender,
certain genetic strains (e.g., alcohol-preferring), sucrose preference, lateral asym-
metry, aswell as prenatal maternal stress or environmental impoverishment in early
development. Brain mesolimbic dopaminergic pathways may mediate elements of

! University of Arizona, Program in Integrative Medicine, 1501 N. Campbell Avenue PO
Bax 245153, Tucson, AZ 857245153, Tel: 520-626-3512, Fax: 520-626-3518, Email:
ibell @u.arizona.edu

2 University of Arizona, Arizona Respiratory Center, 1501 N. Campbell Avenue, Tucson,
AZ 85724, Tel: 520-626-2047, Fax: 520-626-6970, Email: carolb@resp-sci.arizona.edu

3 University of Arizona, Department of Psychology, Tucson, AZ 85721, Tel: 520-621-3248,
Fax: 520-621-3749, Email: gschwart@u.arizona.edu
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the sensitization process. At physiological limits of a system, the direction of the
sensitization can reverse with continued, repeated re-exposures, i.e., oscillation
(Antelman and Caggiula 1996). Sensitization is a proposed model for a range of
clinical disorders, such as craving in substance abuse, posttraumatic stressdisorder,
recurrent affective disorders, multiple chemical sensitivity syndrome, fibromyalgia,
"Gulf War Syndrome," and temporal lobe epilepsy. Our laboratory has shown
sensitization of electroencephalographic and cardiovascular physiological param-
eters over multiple sessions in human subjects who report distressing symptoms
from low levels of common environmental chemicals (representing approximately
15 to 30% of the general population), in comparison with controls who deny such
illnessfrom low-level exposures. This presentation will provide a summary of past
sensitization research and recent studies on human chemical sensitization. The
concept of individual differences in host susceptibility, with nonlinear responses to
environmental factors, has significant implications for evaluation of hormesis-like
dose-response patterns in living systems, notably in persons with various clinical
conditions.

Ultra-L ow Doses and Biological Responses. A Review and
Recent Experiments

WayneJonas'
Samueli Institute for Informational Biology and Uniformed Services University of the
Health Sciences

John lves?
Waller Reed Army Institute of Research

Low-dose stimulation of recovery and repair processes are common biological
phenomena leading to tolerance and growth stimulation induced by up-regulation
of stress proteins, DNA repair enzymes and other cellular resistance pathways. There
are a least two areas that have not been explored about these processes. One is
whether these adaptive responses occur at doses lower than 2 to 10 logs below the
No Adverse Effect Level (NOAEL) and the second iswhether hormetic effects have

' Samueli Indtitute for Information Biology, and Unformed Services Univarsty of the
Hedlth Sciences, 4301 Jones Bridge Road, Betliesda, Maryland 20814, Tdl: 301-295-2813,
Fax: 301-295-3100, Email: Mjonas@usuhsmil

2 Neurochemistry and Neuroendrocrinology, Divison o Neurosciences, Water Reed
Anmmy Ingtitute o Research, Siver Spring, Maryland 20910, Td: 301-319-9138, Email:

john.ives@na.amedd.army
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utility in disease prevention or treatment. The alternative medical practice called
homeopathy claims that both of these effects occur, but scientific evidence to
support those claimsis lacking. We agree there is no current scientific foundation
for homeopathy, but believe that exploring the effectsand utility of ultra-low doses
using laboratory models is valuable. This presentation will present a critical review
of current laboratory research on low and ultra-low dose toxicology research. We
will also present recent experiments examining the stimulatory and protective
effects of low and ultra-low dose neurotoxins, including glutamate, in cell and
animal models. In cellular models of glutamate toxicity, we have found that both
glutamate and cyclohexamide will protect against toxicity from exposure to toxic
doses of glutamate. In addition, ultra-low doses of glutamate reduce brain damage
in astroke model by 40 to 50%. Other neurotoxins, such as Con-G, PLA2 and MPP+
do not afford protection. Dataon KCL and NMDA is mixed. In addition, several
heavy metals appear to be useful for induction of protection at low and ultra-low
doses. Outcomes of research with mercury, arsenic and cadmium include acceler-
ated clearance of the toxin, reduced mortality from lethal dosesand prolonged up
regulation of metallothionein (MT). Further research on the potential use of
adaptive responses to low-dose and ultralow doss exposures is warranted.

High-Sengtivity 'TH-NMR Studies of Homeopathic
Remedies. Unexplained Peaksin the Spectra of
Some Samples

David J. Anick, Ph.D. M.D.!
Harvard Medical School

PURPOSE: To investigate the hypothesis that homeopathic remedies prepared in
water might be distinguishable from control samples via high-sensitivity NMR spec-
troscopy. METHODS Several series of the homeopathic remedies Nat Mur and Arg
Nitrwere madein water by Hahnemann's method, up to the 12C potencies, starting
with 1 M and 0.1 M solutions of NaCl and AgNO, respectively. Controls were
unprepared water (H,O-u) and succussed water (H,O-s). Samples were analyzed via
TH-NMR using presaturation of thewater peak in order toimprove the sensitivity for
signals away from the water peak. In all runs, D,O was added for locking, acetone
at 1:350,000 v/v was added as a marker, temp wes clamped at 20°C, and at least 128

1 McLean Hospitd, Bowditch Bldg., 115 Mill St., Belmont, MA 02144, Td: 617-855-2131,
Fax: 617-855-3722, Email: David Anick@gtenet
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transients were taken. RESULTS: Zero of 6 H,O-u samples had unexplained peaks,
but unexplained peaks were seen at 1.74, 3.02, 3.27, and 8.27 ppm, in multiple
remedy samples and in some H,O-s samples. 17 of 29 samples that were NaCl or
AgNO, potencies (all 6C and above) had the 1.74 ppm peak, and of these, 8 had the
8.27 ppm peak and 3 had the peaksat 3.02 and 3.27 ppm. Peak sizes ranged from
5to 45 mm (by comparison with the acetone marker). There was no correlation
between the remedy or potency and the signal pattern found, e.g., two samples of
Arg Nitr 6C had no unexplained peaks, another had just the 1.74 peak, and a third
had all four. Three of 5 H,O-s samples had no unexplained peaks, one had just the
1.74 ppm signal, and one had &l four peaks. These peak patterns do not resemble
those of any common organic contaminant. Dissolved silica as an explanation wes
ruled out by aseries of Arng Nitr potencies made in plastic tubs: some of these aso
showed the same peaks. CONCLUSIONS: (1) 19 of 34 samplesthat were remediesor
H,0O-s had an unexplained peak at 1.74 ppm, and 9 had additional peaksat one or
more of 3.02, 3.27, and 8.27 ppm; (2) 0 of 6 controlshad unexplained peaks (p< .04);
(3) there was no consistent signal pattern seen for agiven remedy and potency; (4)
the unexplained peaksdo not match any common organic contaminant and do not
come from the glass or plastic containers used. (5) These data support the hypoth-
esis that some remedies and some H,0-s samples are distinguishable via high-
senstivity NMR studies from H,O-u.

Challengesto the Investigation of Low and UltraLow
Dose Effects

Roeland van Wijk!
Utrecht University, The Netherlands

The basic research program on "homeopathy and self-healing" aims to understand
(a) self-healingof cellsafter stressand damage at cellular level, (b) the homeopathic
similia principle in relation to cellular self-healing program, and (c) the regulatory
principles with respect to the influence of low and ultrarlow doses in saf healing.

A description of damage and self-healingat molecular and biochemical level has
alowed a description of the essential homeopathic pillars (the pathogenetic trial,
the remedy-symptom matching, and the treatment according to the similia prin-
ciple) in molecular terms. A second type of descriptivestudies on damage and self-
healing, including biophysical points of view with respect to domain coherence and

! Department of Molecular Cdl Bidlogy, Utrecht University, The Netherlands; Interna:
tiond Inditute d Biophydcs Neuss Germany
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photon emission has allowed the construction of a general parameter for the
characterization of early disturbances and recovery of a biological system.

The studies on the self-healing and similia principle can be characterized as
straightforward studies. These studies are at the stage that they can be rather easily
extended to a biological system with higher complexity that should dlow the study
of specific organ damage and recovery after exposure to certain types of intoxica-
tion.

In contrast, the studieson low and ultra-low doses were found to he more diffuse
and time-consuming. In particular our studies on ultra-low dose effect in different
biological models did not lead to reliable protocols.

Recently, we made new progress in this field. We followed a more systematic
approach starting from the nonlinearity of dose response curvesin mildly damaged
biological organisms. We have executed experiments that demonstrate that the
cellular response depends on the severity of the diseased state, and that this is
changingin time during the process of recovery. Since a stimulation of self-healing
by low dosesis expected only in cells that have not a maximal self-healing activity,
this suggested that another protocol is required for this type of studies. A protocol
that measures effects of a whole population of cells including non-responding,
positive and negative responding cells is not desirable. In contrast, this other
protocol must alow time seriesanalysis of individual cells, where the diseased state
can be registered non-invasively and the treatment can be adapted to the cell's
diagnosis. We have carried out systematic experimental and theoretical studies and
selected a suitable biological model. New protocol and measurement techniques
have been developed for a study on the effects of low and ultralow doses. By
combining the basic homeopathy research at the Utrecht University and the theo-
retical and technical experiences of the International Institute of Biophysics we
expect this new research program on low and ultra-low dose effectscan be carried
out successfully.

L ow-Dose Effectsin Pulmonary Disease

Rebecca Bascom!
MD MPH, Penn State College of Medicine

Variability in pulmonary dose response relationships clearly exists, both among
practically healthy people, and between patients with recognized respiratory dis-
eases. What has been puzzling to many clinicians and researchers is the report by

1 Penn State College o Medicine, The Milton S. Hershey Medicd Center-, H041 Main
Building, 500 Univerdty Drive Hershey, PA 17033, Td: 717-531-6525
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some patients of adverse effects following low dose exposures. A striking character-
istic of patients meetingaresearch definition for Multiple Chemical Sensitivity(MCS)
is that subjective reports of distressfar exceed the degree of impairment measured
using traditional tests of respiratory function. This presentation will update evi-
dence supporting the hypothesis that these patients have a disorder of the c-fiber
nervous system With proximal respiratory epithelial dysfunction (typically squamous
metaplasia) and plasticity of the nodose andjugular ganglia resulting in abnormal
central processing of mechanoceptor stimuli and autonomic dysregulation.
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Jim Cypser, University of Colorado, Boulder, CO
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Jod Abramowitz, Baylor College of Medicine, Houston, TX
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Nonlinear Functions between Stress Hor mones,
Brain Plagticity and Memory

David M. Diamond?
University of South Florida

Nonlinear rel ationships between arousal level, or stress, and performance in behav-
ioral tasks have been described for alrnost a century. Studies have shown that an
intermediate level of arousal typically produces optimal performance, and either
very low or high levels of arousal are associated with poor performance. My group
has investigated the biological basis of this nonlinear relationship between stress
and brain processing in rats. More specifically, we have studied the relationship
between corticosterone (ahormonereleased in response to stress) and both memory
and the physiological processes that underlie memory (brain plasticity).

The first indication of a nonlinear relationship between hormones and brain
plasticity was our observation of a U-shaped relationship between the level of

peripheral corticosterone and the magnitude of primed burst potentiation (PBP).

PBP is a long-lasting form of brain plasticity produced by brief (<1 sec) electrical
stimulation of brain connections. The nonlinear function between corticosterone

1 Departments of Psychology and Pharmacology, University of South Florida, 4202 E.
Fowler Ave. (PCD 4118G), Tampa, Florida, Tel: 813-974-0480, Fax: 813-974-4617
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and PBP suggests that brain processing is optimal under conditionsin which there
isan intermediate level of stress. Recently, we have made comparabl e observations
in studies of rat memory under stress. We have found that rats with intermediate
levelsof corticosterone exhibited excellent memory. Shifting the animalsavay from
the optimal range of corticosterone, produced by either stress or drug manipula
tions, resulted in memory impairments. The findings provideinsightinto how stress
affectsmemory, and also have implications toward understanding how prescription
forms of corticosterone, e.g., cortisone or prednisone, may affect brain and behav-
ior in people. Thus, intermediate doses of cortisone or prednisone can enhance
cognition, but high dosesof these steroids can interferewith memory by interfering
with brain plagticity. In summary, thisworkindicates that optimal memory and brain
processing occur under conditions of intermediate arousal, and reduced capacity
occurs under very low or high levels of arousal.

Biphasic Effectsof Progesterone Treatment on
Proliferation of Normal and Malignant Human Ovarian
Surface Epithdial Cells

Vigar Syed!' and Shuk-Mei Ho!
University of Massachusetts Medical School Worcester

Progesterone has been used in the clinical treatment of ovarian cancer (OCa) and
has been shown to reduce the risk of developing ovarian cancer in premenopausal
women Who have undergone hormonal replacement therapy, which contain estro-
gen and a high dose of progesterone. However, the mechanism of anticancer effects
by progesterone has not been understood. In thisstudy, the effectsof progesterone
on primary cultures of human ovarian surface epithelial (HOSE) cells,
nontumorigenic HOSE cells and in OCa cdl lines were investigated. After the
incubation with increasing concentrations of progesterone, the viability of the cells
wes evaluated by MTT assay. Interestingly, progesterone (P4), at low concentrations
(10(-11) to 10(-10) M), wes stimulatory to HOSE and OCa cell growth, but at high
doses(10(-8) to 10(-6) M), P4 exerted marked inhibitory effects. Annexin V staining
revealed early apoptotic events in these cells 6 hours after treatment of cells with
highest 10(-6) M concentration of progesterone.To better understand both prolif-
eration-inducing and -inhibiting effects of progrsterone, two isoformsof progester-
one receptor, the 120-kDa B receptorsand the N-terminally truncated 94-kDa A
receptors, that have unequal transcriptional activities, differentially regulated by

' Department of Surgery, Divison o Urology, University d Massachusetts Medica School,
Worcester, MA 01655
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hormone treatments, are presently under investigation. In conclusion, contrary to
low concentrations, higher concentration of progesteroneinhibits the proliferation
and elicits apoptosisof HOSE and OCa cell growth. These resultsdemonstrate that
progesterone at a concentration similar to that seen during the third trimester of
pregnancy exhibited a strong antiproliferative effect on primary, immortalized and
ovarian cancer cell lines.

Two Examples of Paradoxical Pharmacology Using In
Vivo Animal Models of Disease

Kenda L.J. Evans
University of Houston

Zsuzsanna Callaerts-Vegh?
University of Houston

Felix Shardonofsky?
Texas Children's Hospital

Heather Giles*
GlaxoSmithKline

Richard A. Bond®
University of Houston

The possibility of using drugs currently contraindicated for a disease to treat that
disease has been the subject of a recent article (Bond, Trends Pharmacol. Sci.
(2001) 22,273-276. T he basic premise being that acute and chronic effectsof drugs
can often be oppositein nature, yet the contraindication isoften based on the acute

1 Univerdty of Houston, Department of Pharmacological & Pharmaceutical Sciences, 521
Science & Research Building 2, Houston, TX 172045037, Tel: 713-743-1224, Fax: 713-
743-1229, Email: KJEvans@UH.edu

2 University of Houston, Department of Pharmacol ogical & Pharmaceutical Sciences, 521
Science & Research Building 2, Houston, TX 772045037, Tel: 713-743-1219. Fax: 713-
743-1229, Email: ZCallaerts@UH.edu

3 Texas Children's Hospital, 6621 Fannin, Houston, TX 77030-CC1040, Tel: 832-822-3305,

Fax: 832-825-3335, Email: frshardo@TexasChildrensHospital.org
4 GlaxoSmithKline, Gunnels Wood Road, Stevenage, Hertfordshire, SG1 2NY UK, Email:

hg39011@GlaxoWellcome.co.uk

®  University of Houston, Department of Pharmacological & Pharmaceutical Sciences, 521
Science & Research Building 2, Houston, TX 772045037, Tel: 713-743-1210, Fax: 713-
743-1229, Email: RABond@UH.edu
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effect. For example, f-adrenoceptor antagonists (B-blockers) were originally con-
traindicated in congestive heart failure (CHF). However, chronic treatment with
these drugs produces a paradoxical decrease in mortality. In vivo models of two
disease states have been studied to test the hypothesisof paradoxical pharmacol ogy.
Thefirstwasan allergen-challenged mouse model of asthma. Sensitized/challenged
tracheal tissue was significantly more responsive to the spasmogen methacholine
vs.sensitized /nonchallenged trachea (946.4% 227.7 mg vs 537.5+ 122.7 mg, respec-
tivdy (n =7; P < 0.05, ANOVA). The spasmogen response to methacholine from
mice treated with carvedilol or alprenolol for 18 daysweas significantly reduced from
that of sensitized/challenged or sensitized/nonchallenged tissue (258.9 + 84.0 mg
and 162.5+ 42.5 mg, respectively (n= 7 -8, P< 0.001, ANOVA). Also, guinea pigs
were sensitized, treated for 28 dayswith carvedilol, and tested for awheal and flare
response to subdermal ovalbumin; 88% control animals had a positive response;
however, 0% of guinea pigstreated with carvedilol reacted positively to the ovalbu-
min. The second was a rat model of hypertension. We infused spontaneously
hypertensive (SHK) rats (8 weeks old) with Norepinephrine/Epinephrine (NE/E)
(150ng/kg/min i.v.) for 2 h/d for 27 days using osmotic minipumps connected to
a Lynch coil catheter. Blood pressure (BP) readings were taken daily outside the
infusion window. The group treated with NE/E showed a significantdrop in BP48 h
after the last dose (-54+ 7.8 mmHg vs -13+ 4.2 mmHg for NE/E and vehicle,
respectively. n = 3; ca £ < 0.001, ANOVA). In addition, 48 h after the last dose, we
infused the nitric oxideinhibitor L-NAME (10mg/kg i.v. for 10 min) and measured
BP before and after infusion. The NE/E treated SHR rats had an increased pressor
response to L-NAME infusion vs SHK rats treated with vehicle (66+ 1.4 mmHg vs
to 33+ 1.8 mmHg for NE/E and vehicle groups, respectively, n = 2). Based on the
results from these two models, paradoxical pharmacology may be beneficial. This
hypothesis needs to be further tested in other disease states.

Using C. elegans to M odd-I nduced Stress Resistance and
Life Span Hormess

JamesR. Cypser!
University of Colorado

Thomas E. Johnson?
University of Colorado

L' Iustitute for Behaviord Genetics, Univerdty of Colorado, 1480 30 Street, Boulder, GO
80303, Td: 303-735-2943, Fax: 303-492-8063, Email: cypser@colorado.edu
Ingtitutefor Behavioral Genetics, Universty of Colorado, 1480 30 Street, Boulder, GO
80303, Td: 303-492-0279, Fax: 303492-8063, Email: johnsont@col orado.edu
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The nematode Caenorhabditis elegans has been widely used in genetic studies. We
have applied thisconvenient and powerful model organism to thestudy of hormesis.
C. elegans displaysinduced resistance or nonlinear responses to avariety of stressors,
including heat, oxygen, and a chemical reactive oxygen species (juglone). The
observed hormetic benefits are not limited to subsequent resistance to the same
stressor, but include resistance to other stressors (cross-tolerance) as wdl as in-
creased life span. We have found that the hormetic life extension requires the
function of several genesof theinsulin/IGF response pathway. In the nematode this
pathway was originally identified by its role in the formation of dauers, a stress
resistant and long-lived alternative larva form. Although greater stress resistance
and life extension are thought to be intimately connected, we found that the genes
required for hormetic life extension are not dl critical for the induction of robust
thermotol erance observed in response to the same pretreatment. This raises the
possibility of a partial genetic separation of induced stress resistance and induced
life extension in C. elegans and may shed light on the overall aging process.

Biological Aging and its Hormetic M odulation by
Repeated Challenge

Suresh |.S. Rattan!
University of Aarhus, Denmark

Biogerontology — the study of the biological basis of aging — has now devel oped
a solid scientific base with respect to the understanding of the phenomenon of
aging. New and innovativestrategies and approaches are being increasingly applied
to modulate the process of aging. One of the major concepts emerging from
research in biogerontology is that of aging as a failure of maintenance. The ability
of living systemsto respond tointernal and external sourcesof damage, such asfree
radicals, ultraviolet radiation, heavy metals, toxinsand thermal stress, isan indicator
of their property of homeodynamics. Itisby virtue of thisability that they counteract
stressand adapt for continued surviva. Therefore, one approach is to use repeated
challenge as a stimulator of maintenance and repair pathways resulting in the
modulation of the aging process. In aseries of experimental studies we have shown
that repetitive mild heat stress has anti-aging effects on growth and various other
cellular and biochemical characteristics of human skin fibroblasts undergoing aging
in vitro. We are characterising the hormetic effects of repeated challenge at the
levels of maintenance of stress protein profile, reduction in the accumulation of

' Department of Molecular and Structural Biology, Universty o Aarhus, DK-8000 Aarhus
-C, Denmark
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damaged proteins, stimulation of the proteasomal machinery of protein degrada-
tion, and maintenance of differentiated cell functions during cellular aging. This
strategy of hormetic challenge isa method to improve and maintain the biochemi-
cad and physiological performance of cells, tissues, organs and organisms. The
ultimate aim of such studies isto develop practical meansto prevent or minimise the
age-related impairments resulting in the onset of diseasesand for living to a healthy
old age.

Hormetic vs. Inhibitory Effectsin Sea Urchin Bioassays

Giovanni Pagano’
Italian National Cancer Institute, Naples, Italy

A two decade-long experience has been established in testing the effectsof a broad
range of xenobioticsand of physical agentsin sea urchin early development. This
experience has led to the observation of a number of different effects both includ-
ing inhibitory and hormetic effects toward developmental, reproductive, genetic
and biochemical endpoints in sea urchin bioassays. This bioassay model alows to
evaluate several parameters including changesin: a) fertilization success; b) larva
differentiation; c) mitotic abnormalities; d) transmissible damage from to gametes
to offspring, and e) biocheinical activities. While toxic outcomes have been invari-
ably included in published reports, the observation of hormetic effects has been as
yet confined to fertilization successand biochemical markers. This apparent incon-
sistence may be explained by the current criteriain control quality for developmen-
td defects and mitotic abnormalities, leading to the exclusion of an embryo lot
when controls are considered inadequate because of excess abnormalities. The
spermiotoxicity and biochemical testsare better suited for the observation of either
hormetic or inhibitory effects. When testing fertilization success, sperm:egg ratio
and duration of sperm pretreatment are designed in order to obtain a"suboptimal”
fertilization rate in control schedule ranging 70 to 50%, thus alowing the observa-
tion of both spermiotoxic and hormetic effects as a result of sperm exposure to
increasing agent levels. An anal ogous sensitivityisachieved in biochemical determi-
nations, where control levelsare not assigned a priori, thus allowingany positive or
negative shifts from control vaues to be measured. A set hon-monotonic dose-
related trend following exposures to chemicals, mixtures and gamma radiation is
reported to substantiate the previous experience.

Itadian Nationd Cancer Institute, Fondazione “G. Pasca€', Via M. Semmola, 1-80131
Neples, Italy, Td: (39) 081-5903205
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Nonlinear FactorsAffecting Exposure and Risk to
Anthrax

Dennis E. Jones! and Sam Keith!
Division of Toxicology, Agency for Toxic Substances and Disease Registry

Although anthrax is a rather commonly-occurring, globally-distributed disease of
humansand livestock, itsuse asa bioterrorism agent in the U.S. mail lastfal haslead
to renewed interest in the basic mechanisms of this disease. Naturally occurring
inhalation anthrax has a relatively low rate of infectivity, with an infectious dose
commonly reported to range from 8,000 to 10,000 spores, with some reportsas high
as 50,000 spores. However, laboratory-grown and purified anthrax, sometimes re-
ferred to as "militarized" or "weaponized" anthrax, has been reported to have a
higher rate of infectivity (require fewer spores to cause infection) than naturally
occuring anthrax. Although it may seem intuitive that purified anthrax would
logically be more infective, this would not explain differences in infectivity on an
exposuredose basis, that is, on the basisof absolute number of spores. It istheorized
that these differencesmay be due to varyingand inconsistent use of the terms spore,
particle, and infective dose, as well as to differences in the aveolar deposition of
anthrax particles of varying sizeson a fractional (total mass) basis, differences in
alveolar deposition of anthrax particles of varying size on a relative number basis,
differencesin number of anthrax spores per particle size, and differences in num-
ber of sporesdelivered to pulmonary macrophages on a relative particle-size basis.

Biphasc Effects of Cardiac Glycosdes (Ouabain) on
Vastular Smooth Muscle Cdl Proaliferation

Julius C. Allen,?*Joel Abramowitz,?> and Aslihan Aydemir-K oksoy?
Baylor College of Medicne, Houston, TX

Cardiac glycosidesare wdl known inhibitors of membrane Na, K pumps, and have
been used for centuriesas therapy for cardiac failure, since they increase myocardial
contractility viainhibition of the pump. The therapeutic effect occurs by a pump
related increase in Na, and subsequent reversal of the Na/Ca exchanger. In addi-
tion, it also has been shown that compounds similar if not identica to these
glycosides have been isolated from a variety of mammalian tissues. There have also
been suggestions that these endogenous compounds (endogenous digitalis like
factors, or EDLF) may be involved in certain types of hypertension.

1 Divigon of Toxicology,Agancy for Toxic Subgtancesand Disesse Regigtry, MSEX, 1600
Clifton Rd., Atlanta, GA 30333
2 Baylor College o Medicine Houston, TX
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We have shown that low levelsof ouabain, a relatively water soluble glycoside, can
activate proliferation of canine vascular smooth muscle cells at concentrations
below those which affect cellular ionic content (0.1 to 1.0 nM), i.e., no pump
inhibition. Higher concentrations of thedrug (10 nM) have no proliferative effect,
and actually inhibit cell proliferation when compared to control. Additionally, we
have shown an identical effect on arat vascular smooth musclecell line (A;R;) which
occurs at drug concentrations three orders of magnitude higher than with canine
cells. Since this difference reflects the affinities of ouabain for the canine and rat
pumps respectively, the data strongly suggest the drug is binding to the ol subunit
of the Na pump, rather than to another asyet unidentified protein. The mechanism
of proliferative activation involves activation of ERK !/,, viasrc and transactivation
of the EGF receptor, while inhibition may involve apoptosis.

This is the first time that cardiac glycosides have been demonstrated to have
specific physiological effects at concentrations below those which inhibit the Na K
pump. Thus, relating our data to clinical situations, there appear to be potentially
three levels of glycoside effects, manifested as: 1) no pump inhibition (prolifera-
tion); (2) "physiological” pump inhibition (positive inotropy), and (3) "pathol ogi-
cal" pump inhibition (toxicity).

Altered Phenotypein Glial CdlsUnderliesthe Low-Dose
Neur oprotection Againg Neurotoxicity

Victor W. Pentreath'
University of Salford, UK

Mark R. Cookson?
Mayo Clinic

Carole Mead"
Christie Hospital, UK

Debbie Slamon*
AstraZeneca Pharmaceuticals, UK

' Divigon of Biosciences, School of Environmentand Life Sciences, University of Salford,
Salford M5 4WT, UK, Tel:+44 161 295 4539 Fax:+44 161 295 5210, Email:
V.W.Pentreath@salford.ac.uk

Assigtant Professor of Pharmacology, NeurogeneticsLaboratory, Mayo Clinic, Jackson-
ville, FL. 32224, Tel:904-953-0153, FAX: 904-953-7370, Email:Cookson.MarkQMayo.edu
Patterson 1.ab, Christie Hospital, Manchester M20 4BX, UK, Tel:+44 161 446 3000,
Fax:+44 161 446 3109, Email:CMead@picr.man.uk

Drug Metabolism and Pharmacokinetics Department, AstraZeneca Pharmaceuticals,
Maccleskield, Cheshire SK10 4TF, UK, Tdl: +441625 51 2728, Fax: +44 1625 51 5692,
Email: Deborah.Slamon@astrazeneca.com
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Nervous tissue contains a range of protective systems against the damaging effects
of toxic chemicals. High levels of the protective systemsare localised in the astro-
cytes. Both insituand in vitroastrocytesrespond to low dosesof toxicsubstances with
alterations in phenotype termed astrocyte activation. The alterations affect a range
of structural and functional properties of the cells, with the upregulation of alarge
number of molecules, including those controlling the protective systems. Experi-
ments with cultures of primary rodent astrocytes and glioma cell lines show that
toxicity markers (including the structural protein GFAP, components of energy
metabolism and antioxidant protective systems) frequently respond in bi-phasic
patterns, with the characteristics of a hormetic dose-response response rel ationship.
The responses are caused by toxic substances with widdly different structures and
mechanisms of action. The early phase, associated with increased protection, can in
turn be correlated with increases in antioxidant protective systems and other corn-
ponents of the altered phenotype, for example the cell hypertrophy with increased
GFAP. It is concluded that astrocytes, activated by relatively low doses of toxicants,
may provide enhanced protection of the nervous tissue against damage.

I s the Hygiene Hypothess an Example of Hor mesis?

JA. Bukowski! and RJ Lewis?
ExxonMobil Biomedical Sciences Znc.

Over the last 30 to 40 years there has been a steady worldwide increase in the
prevalence of allergy and asthmaamong children, especially children in developed
countries. One explanation that has been proposed for this phenomenon is the
"hygiene hypothesis’, which states that microbial exposure early in life may be
needed to stimulate the transition from an immature immune system that is predis-
posed to allergy to a more adult immune response. Under this hypothesis, vaccina-
tion, antibiotic use, and the increasingly "hygienic" environment of modern life
have resulted in decreased early-life infections and microbial exposuresand subse-
quently caused an increasing predisposition for the development of allergic disease.
In some respects, this concept of beneficial effects (i.e., immune stimulation) from

I BxxonMohil Biomedicad Sciences, Inc., 1545 Route 22 East, PO Bax 971, Annandale, NJ
08801-0971 Tel: 908-730-1105, Fax: 908-730-1192, Email: John.A.Bukowski@

exxonmobil.com
?  BExxonMobil Biomedica Sciences, Inc., 1545 Route 22 East, PO Bax 971, Annandale, NJ
088010971 Tel: 908-730-1107, Fax: 908-730-1192, Email: r.jeffrey.lewis@exxonmobil.com
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exposures that have generally been perceived as harmful (i.e., microbial agents)
suggests hormesis. We will address this concept, focusing on three general aspects
of the hygiene hypothesis:

1. The possible beneficia effect of infectious illnessin early childhood.

2. The possiblebeneficial effect of early lifeexposure to ambient microbialsfrom
"dirty" environments.

3. The possible beneficial effects of subclinical infections.

Each of these aspects will be discussed and evaluated to see whether a hormetic
mechanism might apply.

TissueSpecific Dysunction Induced by Menadione
in Blood Vesds Mechanians for U-Shape
Dose-Response Curve

Jin-Ho Chung' and Jee-Yeon Han?
College of Pharmacy, Seoul National Unigversity, Seoul 151-742 Korea

Although several studies have shown that treatment with menadione leads to endot-
helial cell cytotoxicity, investigations of menadione's effects on blood vessas are
limited. To determine if rnenadione affects vascular function, we investigated the
effect of menadione on blood vessds using the isolated rat aortic ringsin in witro
organ bath system. Treatment with menadione revealed the U-shape dose-response
curve and thus, two independent mechanisms over a wide range of concentrations
were examined in menadione-induced vascular dysfunction. Menadione (1 to 10
wM) potentiated phenylephrine- and serotonin-induced vasoconstrictionsin aortic
rings with endothelium. Menadione at these concentrations induced oxidative
stress generating superoxide anions and inhibits endothelial nitric oxide synthase
(eNOS), which in turn causes inhibition of nitric oxide pathway and subsequent
endothelial dysfunction. On the other hand, higher concentrations of menadione
(>10 uM) inhibited phenylephrine- and serotonin-induced vasoconstrictions in

College d Pharmacy, Seoul Nationad Univerdty, Shinrim-dong San 56-1, Seoul 151-742
Koreg, Td: 822-880-7856, Fax: 822-885-4157, Email: jhc302@plaza.snu.ac.kr
2 College o Pharmacy, Seoul Nationd Univerdty, Shinrim-dongSen 56-1, Seoul 151-742
Korea. Td: 822-889-4157, Fax: 822-885-4157, Email: jeeyeonh@hanmail.net
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aortic rings with endothelium and treatment with 50 pAM menadione for 30 rnin
abolished agonist-induced vasoconstriction completely. Theseinhibitory effectswere
seen in aortic rings without endothelium, suggesting that menadione at higher
concentrationsmay interfere the contraction machinery in vascular smooth muscle.
Consistent with these findings, treatment with menadione to aortic rings without
endothelium resulted in dosedependent inhibitions of intracellular calcium level
and myosin light chain phosphorylation induced by agonist. Unlike lower concen-
trations of menadione, hydrogen peroxide may play an important role in smooth
muscle dysfunction, since treatment with catalase reversed the inhibitory effects of
menadione on agonist-induced vasoconstriction. These biphasic effects by menadi-
one were irreversible and not due to its cytotoxicity (assessed by LDH leakage).
Collectively, menadione, and perhaps other quinones, can alter vasomotor tonein
a U-shape pattern through tissue-specific dysfunction that may increase risk for
development of vascular diseases. These results will also provide the new insights
into the mechanisms of tissue-specific dysfunction induced by menadione in blood
vessls.
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Nonlinear Dose Response: Legal Standards for the
Admisson of Novd Scientific Theoriesin Regulatory
Decison-M aking

Gary Marchant'
Arizona Slate University College of Law

Regulatory agencies have traditionally assumed alinear, non-threshold (LNT) model
for assessing the risks of hazardous agents. In recent years, agencies have been
pushed to depart from this LNT assumption by new scientific findings. Examples
include scientific findings on toxicological thresholds, hormesis, non-genotoxic
carcinogens, and endocrine disruptors, al of which suggest potentially nonlinear
dose-response relationships. Thelegal standards governing thescientific sufficiency
and reliability necessary to incorporate such novel scientific theoriesinto regulatory
decisionmaking is examined from both an empirical and normative perspective.
First, the consistency and key factorsinvolved in agency decisions to accept or reject
novel scientific theories are assessed. Relevant factorsinclude the quantum and type
of scientific evidence supporting the novel theory, the extent to which the theory
hasbeen endorsed by expert scientific groups, whether or not a mechanism for the
new theory has been demonstrated, and the consequences of the new theory on the
regulatory outcome. Second, potential legal standards that should govern the ad-
mission of nove scientific theories are discussed. The legal system hasyet toimpose
asystematic, consistent set of principlesgoverning the incorporation of new scien-
tific evidence into regulatory decisions. Rather, such decisions have been made
largely on a case-by-case approach. In contrast, in product liability and other com-
mon law cases the Supreme Court hasimposed in its Daubert decision astandard for
the admission of scientific evidence that evaluatesboth the relevance and reliability
of the scientificevidence. The utility, feasibility and content of asimilar admissibility
framework for the admission of scientific evidence in regulatory decisions are
evaluated, using nonlinear dose-response relationships as a case study.

I Asoddae Professor & Executive Director, Center for the Study o Law, Science &
Technology, Arizona State Universty College o Law, P.O. Bax 877906, Tempe, AZ
85287-7906. Td: 480-965-3246, Fax: 480-965-2427, Email: gary.marchant@asu.edu
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| mplicationsof Hormesisfor Indudrial Hygiene

Michael A. Jayjock!
Rohm and Haas Company

Philip G. Lewis?
Rohmand Haas Company

Thispaper considershormesisasavalid and potentially valuabl e alternative hypoth-
esis for low-dose response in the context of occupational health risk assessment. It
outlines the current occupational risk assessment paradigm and its use of high-dose
toxicological data in setting occupational exposure limits (OELs). This present
effortisacall to science to investigate the potential promise of hormesisin provid-
ing a primafascia experimental evidencefor a low-dose threshold of toxic effect to
chemical agents. The scientific effort and advancement advised in this piece could
alsolead to experimentally validated quantitative estimates of the toxic effect extant
at occupational exposuresin the region of the OEL.

Do we Need Low Resdential Radon Limits?

Klaus Becker3
Radiation, Science & Health, Germany

The beneficial and detrimental effects of radon are the oldest known and most
widely studied radiation effectson man. A multitude of dosimetric, epidemiological,
and other radon studies still continues not only because it is easy to measure, hut
because of its large contribution to natural population exposures. More impor-
tantly, with itswide variationsin natural occurrence, it may also be acrucial test for

1 Rohm and Haas Company, Spring House Technical Center, 727 Norrisown Road,
Spring House, PA 19477, Td: 215-641-7480, Fax: 215-619-1621, Email: mjayjock@
rohmhaas.com
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and 413, Bristol, PA 19007, Tel: 215-785-7421, Email: plewis@rohmhaas.com

3 Vice-President, Radiation, Science & Health, Boothstr. 27, D-12207 Berlin/Germany,
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the currently dominating LNT hypothesis. As a result of international recommen-
dations such, e.g., by IAEA and BEIR VI, assuming an increase in the lung cancer
risk of about 10% for 100 Bq/m?*, EPA recommends a 140 Bg/m? limit, and the EU
countries consider regulationsfor intervention levels of 200 Bg/m? for new and 400
for old residential buildings, and somewhat higher levelsfor working places. How-
ever, not only U.S. citizensare reluctant to accept radon reduction measuresdespite
various “educational” activities by the authorities. This would involve expenses and
inconveniences, and they are not convinced that they lived up to now with a"health
hazard".

Most Europeans are also aware of the fact that there are many medical radon
therapy facilities, e.g., 12 in Germany and Austria, in which ca. 75.000 patients
annually are treated for rheumatic and arthritic problems, MorbusBechterew, and
other diseases. In recent years, several careful randomized double-blind medical
studies .confirmed the pain-reducing and other beneficia effects of radon balneotl-
ogy up to at least six months after the treatment, even if the mechanism of such
effects (empirically known in several European cultures and Japan for hundreds of
years) is not yet fully understood.

An increasing number of radon specialists also has serious doubts about the
vdidity of various, in some cases rather expensive epidemiological studies on resi-
dential radon health effects, and the debate continues about the meritsand prob-
lemsof different methods (suchasecological, cohort, and case-control studies),and
the correct interpretation of the results in the region below about 500 Bg/me. So
far, such studies did not produce any evidence of detrimental health effectsin this
region. Neverthel ess, the recommendations and regul ationsare based on thelinear-
ity (LNT) hypothesis by extrapolating linearly from very high miner exposurelevels
under completely different conditions down to zero, frequently without adequate
consideration of dominating confounders such as smoking, uncertainties in retro-
spective dosimetry, etc. A meta-analysisor "pooled" data, ascurrently in progressin
the U.K. and Canada, will 7ot be able to overcome such bias, asin particular the
determination of past smoking habits will remain highly uncertain. Studies with
confirmed never-smokersmay help to solve this problem, even if the case numbers
are much smaller.

This situation raisesinteresting questions not only about recent residential and
working-place radon exposure regulationsin and outside Europe, but also regard-
ing the validity of the LNT hypothesis and the closdly related Collective Dose
Concept; the cost/benefit assessment of efforts to reduce very low exposure levels
far below the fluctuations of natural exposures in remediation, decommissioning,
and radioactive waste programs; and their social, economical and ethical impact.
Some of these issues will be briefly discussed.

260 Nonlinearity in Biology, Toxicology, and Medicine VVd. 1, No. 2, 2003

https://scholarworks.umass.edu/dose_response/vol1/iss2/8

48



Calabrese and Kostecki: Abstracts from the Nonlinearity Conference

Abgracts from the Nonlinearity ConferenceJune 11 to 13, 2002

Some Thoughts About How To Incor porate Hormess
into the Rik Assessment Process

Brent L. Finley!
Exponent

DennisJ Paustenbach?
Exponent

Given that hormetic effects have been observed with awidevariety of chemicals both
invitrowith mammalian cell linesand invivowith laboratory animals, it isreasonable
to suggest that such effects might occur in humans exposed to low levels of environ-
mental and/or dietary contaminants. If true, then there would be some significant
implications to the human health risk assessment process. Currently, most regula-
tory decisions regarding chemicals in the environment are driven by risk assess-
mentsin which the estimated exposures are very low, yet because of the manner in
which the risks are estimated, the risks are often considered significant. For ex-
ample, the EPA’s "reference dose", which is used to characterize the hazards of
noncarcinogenic chemicalsin the environment, is typically set at levelssevera-fold
below the NOAEL observed in animal studies. Also, because the current EPA
paradigm dictates that al carcinogens must be assumed to have no threshold, low
dosesof environmental carcinogensthat may in fact be" health protective" (hormetic)
are still assumed to pose a cancer risk, and possibly a significant one that requires
regulatory action. We propose a preliminary research program in which existing
data on hormetic effects could be factored into the risk assessment decision-making
process. First, a set of minimum response criteria should be established, which, if
met, would be taken as sufficient weight-of-evidence of the possible existence of
hormesis. Second, the toxicology and epidemiology literature should be reviewed
for evidence of hormesisfor the approximately 20 to 30 chemical swhich tend to be
of most environmental concern: arsenic, lead, cadmium, DDT, PCBs, PCDD/Fs,
trichloroethylene, and others. Then, for those chemicals for which thereissufficient
evidence to suggest that there might be health-protective effects at low doses, a
rough approximation of a"hormetic dose range" should be established, if possible.
A comparison of the estimated background (e.g., dietary) and environmental doses
of these chemicalsto their respective hormetic dose range would become astandard
component of the risk characterization process. A comparison demonstrating that

1 Exponent,631 Firgt Street, Suite 200, Santa Rosa, CA 95404, Tel: 707-535-0492, Fax: 707-
535-0489, Email: bfinley@exponellt.com

?  Exponent, 149 Commonwealth Drive, Menlo Park, CA 94025, Tdl: 650-688-1756, Fax:
650-326-8072, Email: dpaustenbach@exponent.com
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the estimated dose is at or below the hormetic dose range might influence regula-
tory action (regarding proposed environmental cleanup, protection of the food
supply, etc). In addition, the EPA toxicity criteria (reference doses [RfDs] for
noncarcinogens and risk-specificdoses [RSDs] for carcinogens) for these chemicals
should be compared to the hormetic dose rangein al risk characterizations If these
criteria fall within or below the range, then some modifying factors should be
considered in the environmental risk assessment process. Ultimately, it may make
sense to adjust certain RfDs and RSDs upward.

Radiation Hormesis: Molecular-Cdlular Biology,
Epidemiology, and Prevention and Therapy of Cancer

Myron Pollycove'
University of California San Francisco

Ludwig E. Feinendegen
U.S. Department of I'nergy

Aging, mortality, and cancer mortality are generally accepted to be associated with
stem cell accumulation of permanent alterations of DNA ("mutations”). Free radi-
calsof oxygen initiate reactive oxygen species (ROS) that induce DNA damage and
signaling to cells and tissues with subsequent stirnulatory responses. The antimu-
tagenic DNA damage-control system is the central component of homeostatic con-
trol essential for survival. Over eons of time acomplex biosystem evolvedin aerobic
organisms to control the vast number of DNA alterations (oxidative adducts) pro-
duced by ROSgenerated principally by leakage of free radicalsfrom mitochondrial
metabolism of oxygen. Genetic defects of thisantimutagenic system increase cancer
and other mortality at an early age. In humans about a billion free radicals per cell
per day are derived from abour 0.25% of dl metabolized oxygen. In a low back-
ground radiation area of 1 mGy/y, antioxidants and other intermediate reactions
prevent dl but one in a thousand of these ROS from altering DNA, resulting in
about one million DNA alterations/cell/d. Thisinitial damage isreduced to about
1 mutation/cell/d by enzymatic DNA repair and removal of persistent DNA alter-
ations by apoptosis and the immune system. Production of mutations by endog-

' Univadty d CdiforniaSan Francisco, Professor Emeritus Departmentsdf Laboratory
Medicineand Radiology,School of Medicine, 11441 Hollowstone Drive, North Bethesda,
MD 20852
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enous oxygen metabolism is about 10 million times greater than mutations pro-
duced by low background ionizing radiation. Nevertheless, ionizing radiation hasa
very significant effect on DNA damage-control as the result of spatial and temporal
differencesin the DNA alterationsit produces. High-dose, high-dose rate radiation
suppresses the activity of each component of this homeostatic biosystem with con-
sequent increased mutations and increased mortality and cancer mortality. Low-
doseradiation, on the other hand, stimulates each component of theantimutagenic
system that decreases metabolic mutations; thereby decreasing cancer mortality and
increasing longevity. This biphasic reaction of antimutagenic responses to high and
low doses of radiation, predictably precludes alinear dose-response relationship of
radiation and health effects. A tenfold increase of background radiation from 1
mGy/y to 10 mGy/y stimulates overall DNA damage-control activity by about 20%,
producing a corresponding decrease in metabolic mutations and associated de-
creases of cancer mortality and mortality from all causes. Radiation hormesisis the
biological basis of statistically significant epidemiologic observations of increased
longevity and decreased cancer mortality associated with low-dose radiation. Im-
mune system destruction of cellswith persistent DNA damage is an essential com-
ponent of effective antimutagenic control of malignant cells and tumors. Low-dose
stimulation of the immune system may not only prevent cancer by increased re-
moval of premalignant or malignant cells, but may also destroy grosscancer tumors
with metastses. These findings have been reportedin micefor almost 40 years, more
recently in rats and humans.
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1. Neurobehavioral Hormesis: The Exclusion of
Compounds that Activate Arousal Sysemsin the Brain

Marni YV. Bekkedal,! Glenn D. Ritchie,2 Kenneth R. Still,> and John Rossi IIL,*
Neurobehavioral EffectsLaboratory, Naval Health Research Center Detachment
(Toxicology)

The novel concept of neurobehavioral hormesis has been proposed as a concept
with utilitarian value for neurobehavioral toxicology. Based on limited early data,
the working definition for neurobehavioral hormesis is, " Persistingimprovementin
neurobehavioral performance capacity following low level exposureto an agent that

1 Neurobehavioral Effects Laboratory, Navd Health Research Center Detachment (ToxXi-
cology), 2612 Fifth Street, Area B, Bldg 433, Wright-Patterson Air Force Base, OH 45433,
Tdl: 937-255-6058 x 222, Fax: 937-656-7094, Email: marni.bekkedal @wpafl).af . mil

2 Neurobehavioral Effects Laboratory, Navd Health Research Center Detachment (Toxi-
cology),2612 Fifth Street, Area B, Bldg 433, Wright-Patterson Air Force Base, OH 45433,
Tel: 937-255-6058 x 206, Fax: 937-656-7094, Email: glenn.ritchie@wpafb.af.mil

3 Neurobehaviora Effects Laboratory, Nava Health Research Center Detachment (Toxi-
cology), 2612 Fifth Street, Area B, Bldg 433, Wright-Patterson Air Force Bass, OH 45433,
Tel: 937-255-6058 x 202, Fax: 937-656-7094, Email: kenneth.still@wpafb.af.nil

4 Neurobehavioral Effects Laboratory, Navd Health Research Center Detachment (T oxi-
cology), 2612 Fifth Street, Area B, Bldg 433, Wright-Patterson Air Force Base, OH 45433.
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produces denigrated neurobehavioral performance at levelsabove the No Observ-
able Adverse Effect Level (NOAEL)." Given thisdefinition, we propose compounds
whose direct effectsinclude direct activation of arousal systemsin the brain should
not be considered cases of neurobehavioral hormesis. For instance, typical
psychostimulants, such as amphetamine, cause increased arousal at all doses. A
mildly heightened state of arousal is often beneficial and results in improved
performance in many neurobehavioral tasks. In contrast, at the higher doses the
over-arousal is such that task performance begins to degrade. Such "inverted-U"
dose response effects are best explained by theY erkes-Dodson Law which is specific
for different states of arousal. Currently, we propose to exclude such effectsfor two
major reasons. Foremost, the effect exists only for as long as the exposure. The
behavioral manifestations do not persist after the compound has been cleared from
the system. Furthermore, traditional hormetic effectsare opposite to the expected
effect of the exposure. In the case of psychostimulants, the expected effect of
heightened arousal is the cause of both the improved and the denigrated perfor-
mance. Oneexample of an hormetic effect that isnot directly attributableto central
nervous system arousal has been observed in animals exposed to jet fuel. At high
doses, deficitsin performance on a complex operant learning task were observed.
In contrast, performance was modestly improved in the low dose group. Under the
current definition, such effectsqualify as hormetic, and may serve asan exampl e of
what may proveto bearedatively prevalent phenomenon of neurobehavioral hormesis.

2. Debates Over Linearity: Much Ado about Evidence;
Not Enough about Relevance nor Preference

Kevin P. Brand!
Universily d Ollawa

L orenz Rhomberg?
Gradient Corporation

Any policy debate requires a weighing of facts and values. In the case of the
regulatory debate over when to depart from low dose linearity, the relevance of the
facts (evidence) has been overrated, and the role of values (societal preference)

! Universtyd Ottawa, Dept. Of Epidemiologyand Community Medicing, RS McLaughlin,
Center for Population Hedth Risk Assessment, 1 Stewart St, Ottawa, ON, KIN-6N5,
Canada. Td: 613-562-5257, Fax: 613-562-5380, Email: kbrand@uottawa.ca
Gradient Corporation, 238 Main Street, Cambridge, MA 02142. Td: 617-395-5000, Fax:
617-395-5001, Email: Irhomber@gradientcorp.com
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underrated. Current practice tends to infer dose-response shape from #n vitro (e.g.,
Ames test outcome) or in-vivo experiments (involving animal models, e.g., rat or
mouse studies), without properly reflecting upon the limited relevance of this
evidence to humans. It aso tendsto invoke ageneric science-based notion of proof,
thus overlooking societal preference about what balance to strike when weighing
the costs of potentially making the wrong choice (rnisclassificationcosts). Using a
stylized representation of the dose response dilemma, we demonstrate that the

appropriate burden of proof islargely afunction of societal values (preference).

The chemical-specificmarginal costsof control (theexpense of precaution) is most
important — the marginal cost of residual risk isalso important, though lessvariant
across chemicals. Facts, such as the degree of sublinearity are surprisingly inconse-
quential. Of course, evidence does play a role in assessing whether the burden of
proof has been met. However, its limited relevance (upon fully recognizing the
contingencies of extrapolating shape across species, effect endpoints, individuals,
etc) may preclude exceeding the chemical specific burden of proof. In such cases,
debates over the evidence are irrelevant. Future debates should be re-framed to
consider the misclassification costs, and the limited informativeness of the available
evidence (about low dose shape).

3. Effects of Superlow Doses

Elena B. Burlakova'
Institute of Biochemical Physics, Russian Academy of Sciences, Moscow

In 1983, we, at the I nstitute of Biochemical Physics, discovered that biological agents
in concentrations from 10-* to 10-'* and lower display the same activity (both
qualitative and quantitative) asin concentrationsfrom 10~ to 10-5 M. Between these
two extrema, there is the "dead zone": in this concentration range, there is either
noeffect or the effectissignificantly weaker. It wasconcluded that biologically active
substances (BAS) in concentrations much below NOEL (the leve of preparation
non-efficiency) can display a high biological activity. The studied BASwere natural
antioxidants, regulatory peptides, antitumor compounds, adaptogens,
neuromediators, herbicides, regulators of plant growth, antidepressants, nootropic
preparations, and many others. For all the substances, a nonlinear dose-effect
dependence was noted as characteristic. We attribute this dependence character to

! Ingtitute d Biochemica Physcs Rusian Academy of Sciences, 119991 ul. Kosygina, 4,
Maosoow, Russia Email: seren@sky.chph.ras.ru
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a change-over in the mechanism of action (or targets) with a change in the agent
dose. The research resultsshowed that the efficienciesof BASsuperlow doses (SLD)
and low-level physical factors are unique phenomena that are not associated with
any particular chemical structures or biological organization levels. We formulated
scientific principles of applications of BAS SLD and low-level physical factors as
nontraditional methods of therapy. An important conclusion is the discovery of
enhancement of sensitivity of biological objects to a variety of agents as a conse-
quence of low-levd effects produced, as wdl as elimination of toxic side-effects of
medicinal preparations, addiction to drugs, etc. The studies conducted for people
— participantsof liquidation of the ChPP accident who received low osesof ionizing
irradiation — showed afeasibility of testsaiming at determining individual sensitivi-
ties to impacts of low-leve factors.

4. New Approachesto Modding of Living Sysems
Response to Ultra Wesk Actions

FElena B. Burlakova!
Institute of Biochemical Physics, Russian Academy of Science, Moscow

Alexander A. Konradov?
Institule of Biochemical Physics, Russian Academy of Science, Moscow

Response of living and physico-chemical systems on ultraweak action may not be
revealed until adequate method of analysisis used. T he specificity of living systems
response is determined by background and subbackground action level, which is
evolutionary customary. The system not recognizes this action assignificance exter-
nal one and has a power to compensate such "signa" by internal resources. Com-
pensation is able to keep systems parameters inside a normal range. So, we may not
notice any changes by means of standard descriptive statistics. But these small
changes may become apparent in the interrelationship between variables, which
may be revealed by correlation analysis and some integral measure of difference
(multivariate distance). Experience shows, that it is true. The application of some
integral index of correlation and multivariatedistances alowsdiscovering the effect
of low-leve radiation on individuals and people populations, for example. Chronic

' Institute of Biochemica Physics Russian Acedemy of Science, 4 Kosygin str., Mosoow,
Russia, Tel: 7-095-1376420, Fax: 7-095-1374101, Email: seren@sky.chph.ras.ru
Ingtitute of Biochemicd Physcs Russian Acadamy of Science, 4 Kosygin str., Mosoow,
Russa Tel: 7-095-9397133, Fax: 7-095-1374101, Email: ak@sky.chph.ras.ru
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"signal" action may lead to changes not variables, but parameters of system and,
hence, isable to move phase point to unstable region near bifurcation. Low stability
near bifurcation point leads then to the increasing of system noise level. Measuring
any flows emitted by the system (electromagnetic, optic, thermal and so on), isa
potent source of information about the system state. So, the methods of analysis of
noise-similar processes, the revelation of hide and quasiperiodic patterns are redly
useful for evaluation of system state changes, as a result of action. Examplesexists
for application such a methods to cell populations and, even, to nonliving physico-
chemical systems.

5. Effects of a'Lead-free Environment on Fertility and
Reproductive Function in Female Mice

Ivo Iavicoli,! Giovanni Carelli,' and Nicolo Castellino?
Universita Cattolica dd Sacro Cuore, Ttaly

Clinical and epidemiological investigations have provided conclusive evidence of
lead-related impaired fecundity and reproductivefunction in women whilein men®?
have yielded conflicting results regarding the effectson fertility.

In animal studiesreduced fecundity and procreetivity were generally reported in
female mice esposed to high Pb exposure levels from diets, while adverse effects
were not consistently observed in male mice.

However, the effectsof exposure to very low doses of lead on the af orementioned
biological functions have yet to be investigated.

In the present study we assess the adverse effects of low levelsof lead on fertility
and reproductivefunction in female mice. The exposure groups of Snissmice were:
4 ppm (Group 1) and 2 ppm (Group 11), rated as "very low exposures*; 0.2 ppm
(GroupI1I, control) and finally 0.02 ppm (Group V) which we considered a“lead-
free" environment.

Life-longlead exposure, which initiated in ufero for dl the mice, was continued
until the animals were sacrificed.

Female 18-day-old offspring from al groupsweredivided i nto two subgroups, the
first of which (subgroup A) was housed with sexually mature adult 3-month-old
males, while the second one (subgroup B) with male siblings.

Fertility and reproductive function in females of subgroup A of Groups | to Il
showed nodifferencesin the timesof vaginal opening, oestrus, vagina plug and first

1 Indituteof Occupational Health, Universitd Cattolica del Sacro Cuore, Largo Francesco
Vito 1, 00168 Rome, Itay
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parturition when compared to those of subgroup A of the Group I11. However, there
wes a significant reduction in the same times occurred in the females of subgroup
A of Croup 4 compared to the other groups. Blood estradiol levelsconfirmed these
findings.

Fertility appears to be neither impaired nor enhanced at the same Pb exposure
levels in male mice.

Furthermore, in animals living in group IV, red blood cells (RBC) were higher
than in other groups, and we corrected PbB values to takeinto account the number
of RBC with the result of asignificantlylower PbB/RBC ratioin group IV compared
to the other groups.

o11 the basis of our results we can hypothesize that fertility and reproductive
function are enhanced in the female micelivingin a"lead-free" environment, i.e.,
at Pb exposure levels below those found in the general environment and that are
currently held to be "acceptable’. Lead consequently exerts a moderate inhibitory
effect on hypophysary and gonadal functions even at very low doses.

6. Pseudo-Hormesis. An Explanation in Search
of a Manifesation

Susan M. Chemerynski'
Yale University

Jonathan Borak!
MD, DAHT, Yale University

Greg Sirianni?
MS, University of New Haven

Howard Cohen, Ph.D., CH?
University of New Haven

Considerable evidence has accumulated that the biological activity of some agents
is best described by low-dose nonlinear dose-responserelationships (e.g., "hormesis”).
Whether such relationshipsare the rule or the exception remains uncertain. Non-
linear dose-response has been generally attributed to peculiarities of biological

' Yde University, School of Epidemiology and Public Health, Environmental Heslth
Sciences, 135 College St. Nev Haven, CT 06520, Tel: 203-777-6611
University of New Haven, Industrial Hygiene, 300 Orange Ave Wes Haven, CT 06516,
Tel: 203-777-6611
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response, with seemingly paradoxical response augmentation at low closes. Such
observed effects, however, might be due instead to incorrectly chosen exposure
metrics. For example, a biological response correctly characterized by low-dose
linearity might appear nonlinear if exposure were measured by a "biologically
incorrect” metricnotlinearly related to the"biologically correct™ metric. T o explore
this possibility, we reanalyzed a set of >1000 personal air samples obtained for
exposure assessmentsof diesel exhaustin underground and surface mines. Samples
were analyzed for carbonaceous carbon ("elemental carbon”, EC), organic carbon
(OC), and total carbon (TC). Across mines, arithmetic mean EC varied from 59 to
402 pg/mpo® underground and 2to 6 pg/m? above ground, while arithmetic mean
OC varied from 27 to 122 pg/m3 underground and 28 to 92 pug/m?® above ground.
EC, OC,and EC:OC ratiodemonstrated i ndependent nonlinear relationships toTC
and to each other. These findings have important implications for risk assessment
of diesel exhaust. The two diesel risk assessments currently most influential assume
linearized low-dose response curves, but used different exposure metrics: Steenland
(1998) used EC, while Dawson and Alexeeff (2001) used TC. Toxicological data
suggest that neither is"biologically correct”. If there were such acorrect metric with
linearized low-dose characteristics (e.g., PAH componentsof OC), then sufficient
epidemiological data would show that both EC and TC yield nonlinear dose-
response curves for lung cancer because both are nonlinearly related to OC.
Unfortunately, existing data are not yet sufficient to test this likely example of
"Pseudo-Hormesis".

7. Usefulnessof Vay Low-Daoses of Cigplatin in
Regulation of Animal and People Health Conditions

Elzbieta Deranalowicz-Malarczyk,' Martyna Kandefer-Szerszen,? Anna Jarosz-
Wilkolazka,® Agnieszka Szuster-Ciesielska,* and Liiiana Borowska,*
M. Curie-Slodowska University, Lublin, Poland

' Biochemistry Department, Maria Curie-Sklodowska University, P1. M. Curie-Sklodowska
3, 20-031 Lublin, Poland, Tel: (48 81) 537 57 70, Fax: (48 81) 537 52 00, Email:
malar@hermes.umcs.lublin.pl

¢ Department of Virology and Immunology, Maria Curie-Sklodowska University,
Akademicka Street 19, 20-033 Lublin, Poland, Tel: (4881) 537 57 70, Fax: (4881) 537
52 01, Email: malar@hermes.umecs.lublin.pl

3 Biochemistry Department, Maria Curie-Sklodowska University,Pl. Sklodowskiej 3, 20-031
Lublin, Poland

4 Department of Virology and Immunology, Maria Curie-Sklodowska University,
Akademicka Street 19, 20-033 Lublin, Poland
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In doses used for antitumor therapy, cisplatinisavery toxicsubstance whichinduces
nephrotoxicosis, bone marrow injury with anemia, trombocytopenia and other
adverse effects as blindness, deafness, severe nausea, vomiting, hearing loss and
alergic reactions. Because of such high toxicity of cisplatin it wasagreat interest to
examine whether low doses of this cytostatic drug can inhibit the tumor cell growth
in vitro and whether long-term treatment of healthy animals with very low cisplatin
concentrationscan exert atoxic effect. I n thisaim the hematol ogical and biochemi-
cd parametersin healthy rats and mice treated for 2 or 6 weekswith 0.5 ml of 10~
8 and 10~ mg/cm® of cisplatin solutionswas measured in blood, liver and kidneys
of animals. Parallel the condition of human lung carcinoma cellsline Ay, (ECACC
No 86012804) after treating with the same doses of cisplatin wasstudied. The results
of experiments strongly indicated that low doses of cisplatin can be stimulating for
healthy cells but cytostatic for tumor cells. Based on these observations the solution
of low doses of cisplatin was served to volunteer people during the chemotherapy
courses. Theindex of tumor cellsin blood diminished distinctly. Also the improve-
ment of health conditions and psychological comfort were rapid and it seems that
these opportunitiescould be useful in supplementation of cisplatin therapy. Accord-
ing to lawv of hormesis it wes showed the decreasing of organism intoxication and
increasing its vitality under the influence of small doses of the same substance that
had the toxic effect.

8. The Effect of Low Dose of Guaiacol on Enzymatic
Activity of Fungal Cells

Elzbieta Deranalowicz-Malarczyk,! Anna Jarosz-Wilkolazka,? and Janina
Kochmanska-Rdest,?
M. Curie-SkBodowska University, Lublin, Poland

In our lab we work with fungal material, which are cultivated in various conditions
for their known possibilitiesof recalcitrant compounds degradation. Among them
the artificial and natural activation of enzymes, such as laccase, peroxidases and
catalase arein area of our interest. The objects of thisstudy wereselected strains of
Basidiomyceles (Plewrotus sajor-caju, Trameles versicolor, Abortiporus biennis, Cerrena unicolor,
and Bjerkandera jumosc[). We tested the influence of guaiacol, the common and

' Biochemistry Department, Maria Curie-SklodowskaUniversity, Pl. M. Curie-Skloskieg 3,
20-031 Lublin, Poland, Td: (48 81) 537 57 70, Fax: (48 81) 537 52 01, Email:
malar@hermes.umcs.lublin.pl
Department o Biochemistry, Maia Curie-SkBolowska Univergty, Pl. Sklodowskig 3, 20-
031 L.ublin, Poland
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simple product of natural lignin and phenolic substances transformations, on the
activity of mentioned enzymes. The dilutions of guaiacol were prepared in decimal
potentions from 1 to 20 in 95% ethanol. Every two days 0.05 cm? of ever solutions
was added to separatefungal cultureswhich were grown in liquid medium. The 14t
day of growth, the activities of three enzymes were measured in the mycelium and
in the medium. The effect of low-doses of guaiacol on the enzymes activity wes
distinctly visible. Asit wasshown for Pleurotus culture, the 1+, 8%, and 15" potentions
are profitablefor maximum activity of laccase, 8" and 12" activated peroxiclase, and
8%, 10" and 12% were the best for catalase activation. So for all enzymes the 8"
potency (10-* mg/cm?®) of guaiacol was the best inductor. Asthe conclusion we ran
say that the low-dose of guaiacol could he used as the natural aromatic effector,
which increase the activity of enzymes connected with the ligninolytic processes.

9. UltraWeak Secondary Radiation Chemiluminescence
of Humic Acid Induced by Gammairradiation

Wieslaw Goraczko' and Janusz Slawinski?
Poznan University of Technical, Faculty of Chemical Technology, Radio- and
Photochemistry Department

Dried humic acid and itsaqueous solution were irradiated with doses (1to 10 kGy)
of g-irradiation. A secondary ultraweak 1ong wavelength radiation (340to 650 nm)
from theirradiated solutions, but not from dried humic acid was recorded asa long-
livingchemiluminescence. Thespectrophotometric measurements of theirradiated
solutionsindicated on the degradation of humic acids macromolecules. The effect
of chemiluminescence enhancer — luminol on theintensity of chemiluminescence
proved the participation of reactive oxygen speciesand afreeradical mechanism of
the degradation processes. T he effect-dose functions have clearly a nonlinear shape
suggesting complex mechanisms underlying chemilurninescence and oxidative
degradation reactions. The significance of the observed phenomena for their pos-
sible positive ecological consequencesaswell asfor the radiation hormesis isshortly
discussed.

1 Poznan University of Technical, Faculty of Chemica Technology, Radio- and Photo-
chemistry Department, ul.Piotrowo 3, 60965 Poznan, Poland, Fax: -48-61-66-52-571,
Email: Wieslaw.Goraczko@sol.put.poznan.pl

2 Poznan University of Technical, Faculty of Chemical Technology, Redio- and Photo-
chemistry Department, ul.Piotrowo 3, 60-965 Poznan, Poland, Fax: -48-61-66-52-571,
Email: SLAWINSK@sol.put.poznan.pl
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10. Linear and Nonlinear Effectsof Lead on Behavior of
Drosophila melanogaster

Helmut V.B. Hirsch,! John D. Mercer,’ Tara Torno,! Diane Stark,! and Helen T.
Ghiradella!
The University at Albany

Environmental lead is a serious neurotoxin, causing hyperactivity and cognitive
deficitsin children. Our study of such would befacilitated by having a model system
we could manipulate easily and quickly. Wefind Drosophila melanogasterideal assuch,
and we have been studying effects of lead on locomotor activity, courtship and
fecundity. We raised Canton Sflies from egg to mature adult on medium madewith
lead (2 ppm to 50 ppm lead acetate solution), or with distilled water. L ocomotor
activity was measured with an Aopen field@test: individual flieswere transferred to
a grid-labeled petri dish and the number of lines crossed in 30 s was counted.
Copulation rates were measured with a group mating test: five females and five
males were transferred into an empty vid and the number of pairs in copulawas
recorded at 5 min intervalsfor 20 min. Fecundity was defined as all adult offspring
from eggs produced by one female in tweve days post-mating. Some behaviors
(locomotor activity) varied linearly with lead dose; others (copulation rates, fecun-
dity) did not. Locomotor activity ratesin males were consistently higher than those
in females, but both decreased significantly with increasing lead dose. Copulation
ratesincreased at low lead doses (2 and 8 pprn) but decreased at higher ones (10
to 50 ppm — the 50 ppm group were not significantly different from the controls).
Fecundity wes significantly higher in the low-lead (2 ppm) group and returned to
control levelsin the high (20 pprn). The nonlinear low-lead effects on copulation
rate and fecundity are examplesof fhormesis, acommonly observed stirnulatory effect
of low doses of toxins. We hope from further studies with Drosophilato understand
better how hormetic effects of pollutants might affect fithess of organisms and
ecosystems. Supported by a Whitehall Foundation grant to HVBH.

The Universty at Albany, SUNY, Department of Biology, 1400 Washington Ave,, Albany,
NY 12222, Tdl: 5184424311, Fax: 518-442-4311
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11. Extracdluar and Intracellular Replication of Bacteria
in Presence of Cytokines or LipopolysaccharidgL PS):
Linear and Nonlinear Responses

Siva Kanangat,'?3, Umberto Meduri,!, Elizabeth A. Tolley,!, Arnold E.
Postlethwaite,! and Dennise R. Schaberg,!
Univerdity of Tennessee

Innate host immune response manifested by elaboration of key inflammatory mol-
ecules such as IL-1B, IL-6, and TNFa help in eradication of invading pathogens.
However, certain disease conditions such as acute respiratory distress syndrome
(ARDS) wereshown to have persistent elevated levelsof proinflanlmatory cytokines
mentioned above and increased incidence of bacterial infections. We therefore
investigated the relationship between the presence of proinflammatory cytokines
and bacterial growth both in the extraand intracel lular milieu. Wedesigned in vitro
studies to mimic the course of eventswith respect to microbial adherence, internal-
izations, intracellular replication and extra cellular replication in relation to con-
centrations of the key inflammatory molecules mentioned above or lipopolysaccha-
ride (LPS) which is known to induce the expression of these proinflanimatory
molecules. We used fresh clinical isolatesof S.aureus, Ps.aeruginosa and Acinelobactor
sp (frequentisolatesfrom thelung or blood of ARDS patients). A linear relationship
was observed in terms of the extracellular replication of bacteria and the cytokine
concentrations. The adherence (assessed by a modified ELISA), intracellular sur-
vival and replication (as assessed by the number of viable bacteria after each
experiment within and outside the cell) showed a U-shaped curve, indicating that
the responses were not linear: The bacteria tested survived when the cells were
exposed to low concentrations of cytokines or LPS. They also survived and repli-
cated efficiently when the cellswere exposed to “supraoptimal” concentrations of
the tested cytokinesor LPS. However, the microbes were effectively killed at " opti-
mal" concentrations of the priming cytokines or LPS. We believe that biological
responses are not dways necessarily linear with respect to the intervening agent(s).
These observations are likely to have implications in designing and evaluating
therapeutic regimens or biological modifiers to counteract disease processes.

1 Univerdgty d Tennessee, Memphis, College of Medicine, 956,Court Avenue, Memphis,
TN 38163
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12. A Mathematical Moddl for CurveFitting
Allelochemical Dose-Responses

D. L. Liu!
NSW Agriculture, Wagga Wagga Agricullural Institute

M. An?
Charles Sturl University

[.R. Johnson? and J. V. Lovett?
University of New England

Bioassay techniques are often used to study the effects of allelochemicals on plant
processes and it is generally observed that the processes are stimulated at low
allelochemical concentrations and inhibited as the concentrations increase. The
dose-response rel ationshipsare usually inverted U-shaped (hormesis) in the science
of allelopathy. A simple empirical model is presented to anayse this type of re-
sponse. T he stimulation-inhibition properties of responses can be described by the
parameters in the model. The indices, p% reductions, is calculated to assess the
allelochemical effects. The model is compared with experimental data for the
response of lettuce seedling growth to Centaurepensin, the olfactory response of
weevil larvae to a-terpineol, and the response of annual ryegrass (Loliwm multifio- rum
Lam.), creeping red fescue (Festuca room 1., cv. Ensylva), Kentucky bluegrass (Poa
pratensis 1., ov. Kenblue), perennial ryegrass (L. perenne 1., ov. Manhattan) ,and Rebel
tall fescue (F. arundinacea Schreb) seedling growth to leachates of Rebel and Ken-
tucky 31 tall fescue. The results show that the model gives a good description to
these setsof dataand can be used to fit awide range of dose responses. Assessments
of the effects of leachate of Rebel and Kentucky 31 tall fescue clearly differentiate
the properties of the allelopathic sources and the relative sensitivitiesof indicators
such the length of root and leaf.

' NSW Agriculture, Wagga Wegga Agriculturd | nstitute, PMB, WaggaWagga, NSV 2650,
Audtrdia, Tel: +61 26938 1922, Fax: +61 26938 1809, Email: de.li.liu@agric.nsw.gov.au
Environmental and Analytical Laboratories, Charles Sturt University, Boorooma .,
Wagga Wagga, NSV 2678, Audtraia, Tel: +612 6933 2687, Fax: +61 2 6933 2477, Email:
man@csu.edu.au

Department o Agronomy and Soil Science, Universty of New England, Armidale, NSV
2351, Australia
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13. Nectophotometer: A New Ingstrument for Observing
Hormesis

Richard W. Lo Pinto!
Fairleigh Dickinson Ungversity

John Santelli?
Fairleigh Dickinson University

An instrument and method developed to monitor toxicity to motile aquatic organ-
isms has proven useful for demonstrating hormesis. The Nectophotometer moni-
torsthe movement of organismsexposed to toxicantsand allows recorded changes
in movement over short time intervals to be used to predict mortality after pro-
longed exposure. In al tests a toxicant that causes mortality following prolonged
exposure (72 h) is found to stimulate test organisms during short-term exposure
(2.5h andless). Correlations between activity levels during initial exposure to each
concentration of atoxicant and subsequent mortality in that concentration show the
hormetic effect contributes to the prediction of mortality. Since toxicity studies
consider the duration of exposure in addition to dose and response our data
demonstratesan important dimension of the hormesisphenomenon — stimulation
at low duration exposure and inhibition at high duration exposure. The
Nectophotometer will also be useful for evaluating the effectsof exposurefrequency
on hormesis.

14. Adaptive Response in Two Populations of Uranium
Miners Exposed to Low and High Doses of Radiation

JoseH. PereiralLuis?

Safety

! Fairleigh Dickinson University, School of Naturd Sciences, 1000 River Road, Teaneck,
NJ 07666, Tel: 201-692-2297, Fax: 201-692-2297, Email: lopintor@fdu.edu

1 Fairleigh Dickinson University, School of Psychology, 1000 River Road, Teaneck, NJ
07666, Tel: 201-692-2308, Fax: 201-692-2308, Email: santelli@fdu.edu

' Nuclear and Technologica Institute, Department Radiation Protection and Nuclear
Sefety, E. Nacional 10, 2686-953 Sacaviim, Portugal, Tel: +351 219946355, Fax: +351
219941995, Email: joseluis@itn.pt
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We compared the capacity of adaptive response to radiation,from peripheral blood
lymphocytes of workers, low and highly exposed.

The adaptive response for radiation-induced chromosomal aberrati ons was stud-
ied in two populations of miners, working in Portuguese uranium mines. They had
received during a period of fifteen years of work, less than 10 ¢cGy and more than
30 cGy respectively. Theindividuals of both populationswere matched by age, sex,
and lifestyle habits (smoking, drinking, etc...).

The i vitro induction of the adaptive response, on the peripheral blood lympho-
cytes, was made with a dose of 5 ¢Gy of gamma rayson G1 phase cells, and with a
challenge dose of 300 cGy on G2 phase cells.

The chromosomal aberration analyses showed that there wasinduction of adap-
tive responses on all miners less exposed to radiation (<=10 cGy), and that all but
one of those who had received higher doses (>=30 cGy), didn't show capacity for
induction of adaptive responses. With the caution of the small number of caseson
this study (20), these data point in the sense that the lower doses demonstrate a
higher capacity for expression of adaptive response than larger doses.

The adaptive response radiation seen at low doses may increase the capacity of
DNA repair and may reduce the risks of cells to be transformed in cancer.

So, our data do not support the linear no-threshold hypothesis on radiation
protection that assumes that every dose, no matter how low, produces some risk.

15. Bimodal Type of Regulation of Protein Kinase C
Activity by Antioxidants Down to Ultra-Low Doses

Elena L. Maltseva'
Institute of Biochemical Physics RAS

Nadya P. Palmina?
Institute of Biochemical Physics RAS

Konstantin G.Gurevich?
Lomonosov Moscow University

' Ingtituteodf Biochemica PhysicsRAS, Kosygin str. 4, Masoow 119991, Russia Tel: 007(095)
939 73 51, Fax: 007(095) 137 41 01, Email: emal@sky.chph.ras.ru

2 Instirute of Biochemical PySCSRAS, Kosygin str. 4, Mosoow 119991, Russia Tel: 007(095)
939 73 51, Fax: 007(095) 137 41 01, Email: npalm@sky.chph.ras.ru

% Lomonosov Mosoow University, Lenin Hills, Masocow 119899, Fax: 007(095) 939 54 17,

Email: KGurevich@newmail.ru
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Antioxidants control lipid peroxiclation in general and can act as effectors of
membrane-bound enzyme in particular. Protein kinase C (PKC) — peroxilipid-
dependent enzyme is one of the most important one involved in regulation of a
number of cell functions. Purpose of thisstudy was: 1. can antioxidants regulate PKC
activity as affectors; 2. what concentration range of antioxidant effect on PKC
activity; 3. isit possible to model the effect obtained in experiment. The action of
two different antioxidants — natural lipid-soluble a-tocopherol (a-TL) and syn-
thetic water-soluble phenozan potassium salt (PhK) in a wide range of concentra-
tion (10° M to 102 M) on PKC activity has been studied. It was shown that o-TL
inhibits (60 to 80%) purified enzyme isolated from rabbit hearts (a-TL) and PhK
activates (in 4to 5 times) PKC activity in normal and tumor cell cultures: rat vascular
smooth muscle cells (VSMC) and human osteosarcorna (Saos-2); it was demon-
strated that PhK issuperactivator of PKC activity. It wasfound that irrespective of the
"sign" of antioxidant action (inhibition or activation) the "close-effect” curvesare of
bimodal type with two maximaat 10~ to 10 M and ultra-low doses of antioxidants
104 to 1018 M, between them — so-called “zone of silence", in which the effect of
antioxidants was not observed. In the experiments using a-TL the dependences of
PKC activity upon substrate (histone H1) concentration have been shown to be a
"bell" type. The kinetic parametersof PKC inhibition by o-TL were estimated using
formal kinetic schemes of enzyme reaction, conjugated graphs method and others.
It was found that aTL is non-competitive inhibitor of PKC activity and ultra-low
dose changes the main kinetic constant and parameters. A scheme of allosteric
regulation of PKC activity by aTL isproposed. Magjor conclusion isantioxiclants can
regulate PKC activity not only at high (or physiological) concentration, but at ultra-
low doses as well.

16. Adaption to Radiation: Reductions in Rik after Low
Doses In Vivo

R.E.J. Mitchel!

Atomic Energy of Canada Lid. Chalk River Laboratories
D.R. Boreham?

McMaster University

The "Linear No Threshold" hypothesis, used in all radiation protection practices,
assumes that all doses, no matter how low, increase the risk of cancer. We have used
animal experimentsto test this hypothesis in vivo. Asingle, low dose rate, whole body

' Atomic Energy of CanadaLtd. Chak River Laboratories, Chalk River ON Canada, KoJ
1F0
2 McMader University, Hamilton, ON, Canada, 1.85 4M1
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dose (100 mGy) of low LET radiation given to genetically normal, adult micedid not
alter frequency but did increase the latency for acute myeloid leukemia, initiated by
a subsequent large dose. This indicates that a low dose reduced the rate at which
initiated cells became genomically unstable, and consequently reduced risk. This
reduction in the progress of genomic instability also occurred in radiation sensitive,
cancer prone 7Trp53 heterozygous mice, where asingle 10 mGy dose again had no
effect on spontaneous cancer frequency, but significantly increased latency for
spontaneous osteosarcomas, lymphomas and hemangiosarcomas. The protective
effect of this adaptive response against spontaneous cancer lasted for the entire
lifespan of all the animals that developed these tumors, effectively restoring a
portion of the mean lossof life attributed to Trp53 heterozygosity in the absence of
radiation exposure. Increasing the dose to 100 mGy increased risk (decreased
latency) for some tumors but increased latency for other tumors, indicating a
protective threshold wes being approached. In fetal mice, low doses (30 cGy) prior
to alarge 4 Gy exposure also protected against teratogenic effects resulting from
both Trp53 dependent and independent apoptotic processes, but the protective
effects varied with both 7rp53 status and gestational time. In genetically normal
mice, 100 mGy given to male mice the day beforeal Gy exposure reduced heritable
mutations in the offspring of the irradiated mice. Overall, the results demonstrate
that the assumption of alinear relationship between dose and risk in vivo is not
warranted, and that low doses actually reduce risk.

17. The Higory of Chemical Hormessand Potential
Implicationsfor Modern Risk Assessment and
Epidemiology

Kenneth A. Mundt!
Applied Epidemiology, Inc. and Universily of Massachusetts Medical School

Edward J. Calabrese?
Uniiversity of Massachusetls

Linda A. Baldwin?
University of Massachusetts

Applied Epidemiology, Inc., P.O. Bax 2424, Amherst, MA 010042424, Td: 413-256-3556,
Fax: 413-256-3503, Email: kmundt@appliedepidemiol ogy.com

Univerdty o Massachusetts, Environmental Health Sciences, N344 Morrill Science Cen-
ter, Amherst, MA 01003, Tel: 413-545-3164, Fax: 413-545-4692, Email:
edwardc@schoolph.umass.edu

Univerdty d Massachuseatts, Environmental Health Sciences, N344 Morrill Science Cen-
ter, Amherst, MA 01003, Tel: 413-545-3164, Fax: 413-545-4692, Email:
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Low-dose stimulation coupled with high dose toxicity was recognized by the 1880's.
Work by Hugo Schulz and Rudolph Arndt led to the “Arndt-Schulz Law," expanded
as“Hueppe’s Rule” in the1890's. By 1905 thefirst beta-curve wes published, and this
concept developed on severa different fronts. The modern term "horrnesis' was
coined by Southam and Erhlich in 1943 to describe low dose stimulation, but more
recently has been associated with an over-compensation response to adisruption in
homeostasis.

Despite the long history of hormesis-related experimental research, few system-
atic efforts to describe its history are available. This presentation reconstructs the
history of such research and evaluates how advances in related scientific fields
affected the course of hormesis-related research, and the nature of the bioassay in
themodern risk assessment framework. More recent research suggests that hormetic
effects are commonly observed by established scientists, and are often published in
peer-reviewed journals. Mounting evidence suggests that hormesis is generalizable
across animal models and biological classes, and may be highly relevant both
conceptually and methodologically to epidemiology and risk assessment today.

18. The Development of a Reproducible Toxicological
Bioassay to Elucidate Hormesis

Marc A. Nascarella,! John G. Stoffolano, Jr.,? and EdwardJ. Calabrese®
University of Massachusetts

The goal of the research was to evaluate hormetic responses within an established
insect model, and develop a reproducible bioassay to evaluate the physiological
effects of low-level environmental stress. This study was designed to determine if
Phormia regma exposed to cadmium chloride during larval development display a
developmental advantage, based on mean survival data of both pupae and adults,
when compared to concurrent vehicle controls. Initially, two methodological ap-
proaches were considered in assessing which environmental stressor may have an
hormetic effect on devel opmental parameters. One wasto expose adultsto agamma
ray source, while the second was to administer adults a selected metal chloride via
asingleor multiple injection to theabdomen. While the gamma ray source (Cs-137)
exposure studies displayed potential for follow up research based on preliminary
investigation, they are not further discussed due the relative success of an alternative
larval fly model. Theinitial intent to expose adult Phormia to metals via subcutane-

1 Environmental Health Sciences Department, Morrill Science Center 1 N344, University
of Massachusetts Amherst, Amherst, MA 01002, Tdl: 413-545-3164, Fax: 418-545-4692
Departmentof Entomology,Fernald Hall, University of Massachusetts Amherst, Amherst,
MA 01002
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ous abdomen injections proved problematic with respect to the amount of time
required, and the additional stressimposed on the organism. Concurrent controls
treated with a sham injection experienced high mortdlity relative to non-treated
controls. Pilot studiesconducted on the effectsof carbon dioxide and ice anesthetic
treatments (required for abdomen injections) revealed a significant difference
between ice/CO, treated flies and untreated controls. These complications facili-
tated a re-examination of the exposure procedure and brought about a new study
design incorporating a larval diet exposure. Hormetic effects are typicaly subtle
(sometimes +/- 20% of the control) and a decision was made to minimize any
physiological insult so that any possible hormetic effectsfrom the administration of
alow dose metal would not be confounded by administration stress. Thelarval diet
exposure wasfound to be favorabledue to the non-invasive, continuous administra-
tion of metal, the absence of any anesthetic agents (such asice and carbon dioxide)
“and the relative ease of experimentation. The blowfly model system employed in
this study has revealed a hormetic dose response across various developmental
stages and two physiological stressor agents (cadmium and gammaradiation). This
model hasalso revealed an unexpected result of stage specific mortality observedin
the transition of larvaeto pupae, aswdl asin the transition of pupae to adult. These
preliminary data suggest that the blowfly larvaemodel may provide an ideal bioassay
for elucidating possible hormetic effects, and developmental susceptibility to envi-
ronmental contaminants.

19. Continuous Lowv Dose-Rate Gammealrradiation
I nduces Nonlinear Changes of DNA-Protein CrossLinks
in Lymphocytesof Mice

Andreyan N. Osipov,' and Alexander L. Elakov,?
Moscow SIA “Radon”

Galina Ya Kolomijtseva,®

M.V. Lowmonosov Moscow Slate University

Vyachedav D. Sypin4
Moscow SIA “Radon”

Mosow SIA “Radon”, Kuusinena st~.Maosoow, Russig, 123308, Td: +7 (095) 3724103,
Fax: + 7 (095) 248-1941, Email: aosipov@radon.ru
Maosow SIA “Radon”, 7-th Rostovsky lane, Mosoow, Russia, 119121, Td: +7 (095) 372-
4103, Fax: + 7 (095) 248-1941, Email: alexandr@bio.ru

3 Galina Yq Kolomijiseva, MV. Lomonosov Mosoow Siate University, AN. Belozersky
Institute d Physico-Chemica Biology, Mosoow, Russia, 119899, Tdl: +7 (095) 939-5420,
Fax: +7 (095) 931-7211
Moscow SIA "Radon”, 7-th Rogovky Lne, Mosoow, Russg 119121, Td: +7 (095) 372-
4103, Fax: + 7 (095) 248-1941, Email: aosipov@radon.ru
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DNA-protein cross-links (DPC) are an important type of DNA damage induced in
cellsby some chemical and physical agents. The most studies of DPC formation were
performed at the action of high doses of cross-linking agents. The data on the
formation and the role of DNA-protein cross-links at exposure of organism to the
genotoxicants at low doses are scarce and controversy. Extensive debates till take
place about the shape of dose-response relationships in repair-proficient normal
cell in region of very low doses. In this report we demonstrate the results of DPC
induction study in spleen lymphocytes of CBA line mice under continuous (in
course up 1 year) exposure to very low dose-rate gamma-radiation (0.72 mGy/day
and 1.7 mGy/day). Our investigationsshowed that: (1) the dependence of the DPC
level in spleen lymphocytesfrom total dose (exposuretime) isnonlinear; (2) there
is no dependence of the effect from dose rate; (3) changes in the DPC levels are
associated with these of spleen lymphocytes total number. It is known that chronic
exposure to ionizing radiation at low doses leads to nonlinear changes of some
metabolic parameters of cells. Our studies continued over a long period of time
strongly support the idea that DPC participate in overall response of the exposed
cells to low doses of ionizing radiation. It is not yet known whether DPC cause
alteration in gene expression and present the factor of risk.

20. The Effect of Antioxydants in Ultra Low Doseson
Lipid Peroxide Oxidation in Biological Membranes

Nadezchda P. Palmina,! Lyubov V. Kledova,! and Tatyana V. Pankova'
Emanuel |nstitute of Biochemical Physics RAS, Moscow

The effect of natural lipid-soluble antioxidant, a-tocopherol (o-TL), and the syn-
thetic water-soluble antioxidant, phenosan potassium salt (Ph-K), in a broad range
of concentrations down to ultra low doses (10-* to 10~ M) on the models of
spontaneous and initiated lipid peroxide oxidation (LPO) in endoplasmic reticu-
lum membranes from mice liver have been studied. L PO modification was regis-
tered both by the increase in the content of primary (hydroperoxides— HP) and
secondary (malonicdialdehyde, MDA) oxidation products and by the consumption
of the unsaturation substrate ( total double bond —~DB-content). oTL and Ph-K
were shown: a) to inhibit spontaneous and initiated L PO estimated on the basis of
three criteria.; inhibition percentage is changed from 30 to 90% in dependence
from concentration; b)the dependence dose-effect has poli- or bimodal form which

1 Emanue Instituteof Biochemical Physics RAS, Kosygin st.4 Mosoow 119 991. Tel: 095-
007-939-73-51, Fax: 095-007-137-41-01, Email: npalm@sky.chph.ras.ru
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is characteristic feature for substances effecting in ultra-low doses. The data are
confirmed by the character of the oxidation velocity dependence on o.-TL and Ph-
K concentrations. There isa significant difference in the case of using MDA as an
LPOQ characteristic for experimentswith Ph-K: the change of the sign of effect takes
place — the inhibiting effect at the range of concentrations (10~ to 10719 M)
transforms into promoting action at ( 1072 to 10-'> M). Such form of the curvesis
typical for the different agents with action of low intensity, but it is observed more
seldom than bi- or polimodal type of curves. Itisalso typical for the both curves the
existence of the*“ silencezone" between the maxima in the range of low and ultralow
antioxidant concentrations, the silence zone covers 1 to 4 orders of antioxidant
concentrations. Thus, we can conclude, that both natural and synthetic antioxidants
are the typical agents showing effect in ultra-low doses.

21. Nonlinear DoseResponse Behavior and Multiple
Solutionsfor a Modd of the Mengrual Cyde

Paul M. Schlosser!
CIIT Centers for Health Research

James Selgrade?
North Carolina State Universily

LeonaHarris®
North Carolina State University

A mathematical model of the menstrual cycle has been developed based on the
premise that the underlying dose-response rel ationshipsfor individual components
are continuous and monotonic, although nonlinear. The purpose of this model is
to aid in the understanding of menstrual cycle regulation and to predict the effect
of exposure to exogenous hormonal compounds. Initially, two components were
developed. Thefirst component represents the pituitary, secreting luteinizing hor-
mone, and follicle-stimulating hormone. The second component represents the
ovaries, secreting estradiol, progesterone, and inhibin. When the two components

! CIHT Centersfor Health Research, P.O. Bax 12137, Research Triangle Park, NC 27709,
Td: 919-558-1243, Fax: 919-558-1300, Entail: schlosser@ciit.org

Department of Mathematics, North Carolina State University, P.O. Bax 8205, Rdeigh,
NC 27695-8205, Tel: 919-515-8589, Fax: 919-515-3798, Email: selgrade@unity.ncsu.edu
Applied Mathemeatics, North Carolina State University, P.O. Box 8205, Raleigh, NC
27695-8205, Tel: 919515-2039, Fax: 919-515-3798, Email: laharris@eos.ncsu.edu
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were combined, the model produced a solution that closely approximates the
normal menstrual cycle. However a second, unanticipated solution that is clearly
abnormal was also found, with hormone levels similar to those in women with
polycystic ovarian syndrome (PCOS). Simulationsof exogenous perturbation of the
two solutions show that the system returns to the original solution after small
perturbations. But sufficiently large perturbations can cause the model to perma-
nently shift from the normal to the abnormal cycle or vice-versa. For example, a 5-
day infusion that increases the circulating level of progesterone by 80 nmol/L
during the early luteal phase of the abnormal cycle causesthe model to jump to the
normal cycle; if the infusion isonly 30 nmol/L, then the solution returns to the
abnormal cycle afterward. On the other hand, if 30 nmol/L areinfused during the
luteal phases of two consecutive cycles, the model will subsequently goes to the
normal cycle. Thusthe model exhibits biphasic behavior, or aswitch, although each
component process has continnous, monotonic dose-response behavior. With fur-
ther devel opment, the model isexpected to be useful in estimating health risksfrom
environmental exposure to endocrine-active compounds and in biomedical appli-
cations such as designing birth control regimens and therapeutic interventionsfor
diseases such as PCOS.

22. Extremely L ow-Frequency Elector megnetic Field
(ELF-EMF)-Sressinduced DNA Damage in Human
Peripheral Blood L eukocytes Evaluated by Comet Assay

Ravindra K .Tiwari!
New Sience College, India

K. lIravathy Goud?
Bhagwan Mahavir Medical Research Centre, India

K. Suryanarayana®
Research Center Imarat, India

S.C. Bhargava?and Y. RAhuja?
Bhagwan Mahavir Medical &search Centre, India

! P.G. Department of Zoology, Nev Science College, Narayanguda, Hyderabad, 500029,
India

2 Genetics Department, Bhagwan Mahavir Medical Research Centre, 10-1-1 Mahavir Marg,
A.C. Guards, Hyderabad 500 004, India

3 Research Center Imarat, DRDO, Hyderabad 500069, India
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A wide variety of environmental stimuli are known to induce the expression of stress
response genes. One of the expressions of stress response is DNA damage. To
address the question if extremely low frequency el ectromagnetic fields (ELF-EMFs)
induce a stress-induced DNA damage, the present study was carried out. In wvitro
effect of ELFFEMFfrom 0.2 mT to 1 mT (5flux densities) at 50 Hz on DNA integrity
in human peripheral blood leukocytes wes studied. The experimental setup to
produce tlie ELFEMF consisted of an assembly of a dimmerstat, transformer,
ammeter and air-cored coilsto provide the seat for the blood samples. The samples
were placed inside shielded mu-meta box kept in an incubator at 37°C. Comet assay
was performed on heparinized peripheral blood leukocytes of six adult males
exposed to the varying flux densities mentioned above. Zero flux density served as
control. 100 cells per treatment were scored for comet tail-length, which is an
estimate of DNA damage. With increase in magnetic field (MF) flux density there
_was a stepwise increase in DNA damage. The increase in DNA damage seen in our
experiment is probably because of stress response due to ELF-EMFs.

23. Nonlinear Dose-Response of Alcohol Drinking to
Mortality in a Large Population

Natalia Udaltsova,' and Arthur L. Klatsky?
Division of Research, Kaiser Permanente Medical Care Program

We studied subsequent mortality in relation to alcohol habits reported by 128,934
persons at health examinationsin CaliforniafromJanuary 1978 through December
1985. Persons classified themselves with respect to race, marital status, education,
cigarette smoking, and other traits, and also with alcohol intake aslifelong abstain-
ers, ex-drinkers, and drinkers of the following groups: <1 drink/month, 1 dr/mon
to <l dr/day, 1 to 2, 3to 5, and >6 dr/day. Drinkers received separate questions
about the number of days per week they drank wine, liquor, or beer. The traits of
persons preferring wine indicated, in general, a probable more favorable risk of
illness. Over a mean follow-up of 8.0 years, there were 4501 deaths (1685 cardiovas-
cular [CV] and 2638 non-CV). Multivariate Cox proportional hazards model analy-
sswith lifelong abstainers as reference showed aJ-shaped overall alcohol-mortality
relation, with important sex and age differences for heavier drinking (women and

Kaiser Permanente Medicd Care Program, DiviSon of Research, 2000 Broadway, Oek-
land, CA 94611-5714, Td: 510-450-2235, Fax: 510-450-2097. Email: nvu@dor.kaiser.org
Kaiser Permanente Medicd Care Program, Divison of Reseerch, 2000 Broadwziy, Oak-
land, CA 94611-5714, Email: alk@dor.kaiser.org
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younger persons at higher risk). Apparent benefit of lighter drinking was most
evident at age=60. Most of the lower mortality risk of lighter drinker3 was due to
lower CV risk, especialy lower coronary heart disease risk. The increased risk of
heavier drinkers wasdue to a variety of CV and non-CV causes, especidly cirrhosis,
unnatural death, and certain cancers. Analysisof the role of beverage choice showed
slightly lower total mortality risk (RR = 0.9, NS) for preferrers of beer or wine, and
significantly lower risk for CV death (RR = 0.7; ) < 0.01) for preferrers of wine,
compared with liquor preferrers. Conclusions: Women and younger persons appear
more susceptible to the increased mortality risk of heavy drinking. The reduced
cardiovascular risk of lighter drinkersis more pronounced in older persons.

24. Season of Birth and Human Longevity in a Large
Population

Natalia Udaltsova,' Gary D. Friedman,? and Arthur L. Klatsky?
Kaiser Permanente Medical Care Program

Germaine Cornelissen* and Franz Halberg®
University of Minnesota

Recent research suggests that adult age at death is associated with the season of
birth. Datafor Europe and Australia are consistent and show that people born in
winter in average live longer then people born in summer. We analyzed 579,141
people who died in Californiain 1966 through 1999 at age 15 or greater of non-
accidental causes. Our study results show that people born in February through
April on theaverage had slightly (butsignificantly) longer life span than those born
in June through November. A difference in life span between people born in
February and November averages up to 1.25 year. A 1-year cycle was found by
cosinor analysisin longevity variationsby month-of-birth for the whole cohort (men:

I Kasr Permanente Medicd Care Program, Divison of Research, 2000 Broadway, Oak-
land, CA, 94612, Tel: 510-891-3738, Email: nvu@dor.kaiser.org

2 Kaser Permanente Medicd Care Program, 2000 Broadway, Oakland, CA, Tel: 510-891-
3400, Email: gdf @dor.kaiser.org

3 Kaiser Permanente Medica Care Program, 2000 Broadway, Oakland, CA, 94612, Tel:
510-891-3400 Email: alk@dor.kaiser.org

4 Halberg Chronobiology Center, University of Minnesota, 420 Ddlaware Street SE, Min+
neapolis,MN 55455, Tdl: 651-454-6334, Fax: 612-624-9989, Email: halbe001@tc.umn.edu

5 Halberg Chronobiology Center, University of Minnesota, 420 Delaware Street SE, Min-
neapolis, MN 55455, Tdl: 651-454-6334, Fax: 612-624-9989, Email: halbe001@tc.umn.edu
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P<0.0001, women: P = 0.002). A multivariate Cox proportional hazards model
analysis aso showed statigtically significant month-of-birth longevity dependence
when adjusted by sex, ethnicity, and place of birth. The observed seasonal effects
were similar for men and women, various causes of death, and were different for
various age groups, skin colors, and geographical places of birth. Observed differ-
ence for skin color groups may be explained by difference in place of birth (most
of Asians were born in Asia, most of Blacks born in other states). "Latitude"
hypothesis isnot supported by observed difference in seasonal effectsfor northern
and southern areas. Probably other seasonal climatic, weather, and nutritional
factors should he considered. Observed geographical effectsrequire further inves-
tigation. Observed seasonal effects support the hypothesis that the environmental
conditions during the first 3 months of human development affect the later health
ancl longevity. Possible seasonally related environmental exposures, such as seasonal
variations in micronutrient and vitamin intake or infectious diseases, might affect
human surviva in later life.

25. Gamma Variate (Indicator Dilution Curve): Analogy to
Describing Selected Hor mesis Effects

J.A.Vento ! and R.P. Spencer2
University of Connecticut Health Center, Farmington, CT 06030

The concept of hormesis requires initial efforts at quantification, in an attempt to
(i) describe the eventswith aminimum of variables,and (ii) visualizethe magnitude
of separate factors. There are at least two phenomena that have to be taken into
account. Thefirstisastimulatory effect at low doses of the agent (such as chemical
of radiation). The second effect isa decreasing action at higher dosesor increasing
time. 11 terms of mathematical representation, this bears a resemblance to the
indicator dilution curve (gamma variate).

Effect = A-¢®.e™™

That is, thereisan initial upward sweep of the curve, followed by decreasing values.
If the scale employed is time, the down slope can represent a washing out of the

I‘ Univ. Connecticut Health Center, 263 Farmington Avenue, Farmington, CT 06030-2804
Nuclear Medicine, Univ. Connecticut Health Center, 263 Farmington A enue,
Farmington, CT 06030-2804, Tel: 860-679-4022, Fax: 860-679-2164
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stimulatory agent or an increased catabolic pathway. If the scale represents biologi-
cal effect, it can follow from the concentration of the agent (with or without a time
lag entered into the equation). It is apparent that both stimulatory and “fall off
effects must be considered when examining the hormesis phenomenon. Further
examination will likely yield more descriptive equations.
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