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Preface

Acute systemic toxicity testing is conducted to
determine the relative health hazard of chemicals
and various products.  Substances found to cause
lethality in animals at or below prescribed doses
are labeled to identify their hazard potential.
While acute toxicity testing is currently conducted
using animals, studies published in recent years
have shown a correlation between in vitro and in
vivo acute toxicity.  These studies suggest that in
vitro methods may be helpful in predicting in vivo
acute toxicity.

An extensive evaluation of in vitro methods for
acute toxicity, known as the Multicenter
Evaluation of In Vitro  Toxicity (MEIC) Program,
was initiated by the Scandinavian Society for Cell
Toxicology in 1989 under the direction of Dr.
Bjorn Ekwall, Director of the Cytotoxicity
Laboratory at the University of Uppsula.  Fifty
reference chemicals were selected for which there
was acute oral toxicity data from animal testing
and blood concentrations from fatal human
poisonings.  Ninety-six laboratories evaluated 30
of the chemicals in 82 different in vitro
cytotoxicity assays, and all 50 chemicals were
evaluated in 61 assays.  Detailed analysis of the
results identified a battery of three human cell line
basal cytotoxicity assays that were highly
correlative with peak human lethal blood
concentrations.

In 1998, Dr. Willi Halle from Germany published
a Register of Cytotoxicity consisting of in vivo
acute toxicity data and in vitro cytotoxicity data
for 347 chemicals.  These data were used to
construct a regression model that could be used to
predict estimated LD50 values based on
cytotoxicity data.  Dr. Horst Spielmann and his
colleagues at the German Centre for the
Documentation and Evaluation of Alternatives to
Testing in Animals subsequently proposed that
cytotoxicity methods could be useful for
predicting starting doses for in vivo acute oral
toxicity studies, thereby reducing the number of
animals necessary for such determinations.

In 1999, amidst growing awareness of the MEIC
and other studies, the National Institute of
Environmental Health Sciences (NIEHS) received
over 800 letters requesting that the MEIC program
results be evaluated by the Interagency
Coordinating Committee on the Validation of
Alternative Methods (ICCVAM).  Also in 1999,
the U.S. Environmental Protection Agency (EPA)
Office of Pesticides, Prevention, and Toxic
Substances asked ICCVAM to review the
validation status of the MEIC proposals.

ICCVAM discussed these requests at its August
1999 meeting and asked the National Toxicology
Program (NTP) Interagency Center for the
Evaluation of Alternative Toxicological Methods
(NICEATM) to prepare a technical summary of
the extensive publications resulting from the
MEIC studies.  ICCVAM reviewed the MEIC
results at its October 1999 meeting and
recommended that an expert workshop should be
convened to: a) evaluate the current validation
status of the proposed MEIC test battery and other
available in vitro tests that might be useful for
predicting acute toxicity; and b) identify research,
development, and validation efforts that might
further enhance the use of in vitro methods to
assess acute systemic toxicity.

Names of appropriate scientists to serve on an
ICCVAM Workshop Organizing Committee were
requested from participating ICCVAM Agencies.
The Committee was charged with working with
NICEATM to develop the Workshop objectives
and program and to identify appropriate expert
scientists to participate.  The Committee held its
first of several meetings in February 2000.  Dr.
Philip Sayre of the EPA and Dr. John Frazier of
the U.S. Air Force co-chaired the Organizing
Committee and guided the development of the
scope and breadth of the Workshop.

In June of 2000, the International Workshop on In
Vitro Methods for Assessing Acute Systemic
Toxicity was announced in a Federal Register
notice.  Relevant data and nominations of
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scientists that should be invited to participate in
the Workshop were also requested in the notice.
The Organizing Committee invited 33 expert
scientists from academia, industry, and Federal
agencies to participate in the Workshop.
NICEATM assembled relevant background
materials for distribution to the invited expert
scientists, other workshop participants, and the
public.  The Organizing Committee also identified
knowledgeable agency scientists to participate in
the workshop, and developed a series of questions
for four breakout groups to address during the
three and a half-day meeting.  In September 2000,
a second Federal Register notice announced the
availability of the Workshop agenda and
background materials, and requested public
comments.

Invited scientific experts and ICCVAM agency
scientists were assigned to one of the following
four Breakout Groups:

•  In Vitro Screening Methods for Assessing
Acute Toxicity;

•  In Vitro Methods for Toxicokinetic
Determinations;

•  In Vitro Methods for Predicting Organ
Specific Toxicity; and

•  Chemical Data Sets for Validation of In
Vitro Acute Toxicity Test Methods.

The Workshop was convened in Arlington, VA on
October 17-20, 2000.  The NTP, the NIEHS and
the EPA sponsored the Workshop, and
NICEATM provided logistical, technical, and
administrative support.  The Workshop was open
to the public and was attended by 110 participants
from nine countries.  In the opening plenary
session, speakers provided an overview of in vitro
acute toxicity methods and described the
regulatory use of acute toxicity data.  Breakout
Groups were then charged with their assigned
objectives and asked to develop responses to
questions provided by the Organizing Committee.

The Groups reported on their progress each
morning of the second and third days and gave a
final report on the last day of the meeting.
Opportunity for public comment was provided in
all plenary and breakout sessions.  Following the

Workshop, each of the Breakout Groups prepared
reports that represented the consensus of the
invited scientists assigned to that Group.

The NICEATM subsequently assembled the
Breakout Group reports and other relevant
information into this Workshop Report.  A
separate Guidance Document on Using In Vitro
Data to Estimate In Vivo Starting Doses for Acute
Toxicity, based on contributions from Drs. Rodger
Curren, Julia Fentem, and Manfred Liebsch, was
also prepared after the workshop.  The Organizing
Committee and ICCVAM reviewed the report and
guidance document, and developed test
recommendations to forward with these
publications to Federal agencies for their
consideration in accordance with Public Law 106-
545.  The ICCVAM recommendations are
included in this report as Appendix I.  Both
publications are available on the Internet at the
ICCVAM/NICEATM website
(http://iccvam.niehs.nih.gov), and copies may be
requested from NICEATM through email at:
NICEATM@niehs.nih.gov.

On behalf of the ICCVAM, we gratefully
acknowledge the unselfish contributions of all of
the Workshop participants.  We extend a special
thanks to the Breakout Group co-chairs who
worked diligently to ensure the timely completion
and accuracy of their Group reports.  The efforts
of the Organizing Committee members and
especially the co-chairs, Drs. John Frazier and
Philip Sayre, were instrumental in assuring a
productive and useful Workshop.  The efforts of
the NICEATM staff in coordinating local
arrangements, providing timely distribution of
information, and preparing the final report are
acknowledged and appreciated.  We especially
acknowledge Dr. Ray Tice for preparation of the
comprehensive background materials, Brad
Blackard for coordinating communications and
logistics throughout the entire project, and
Michael Paris and Judy Strickland for their efforts
in compiling the final workshop report.

William S. Stokes, D.V.M.
Co-Chair, ICCVAM, NIEHS

Richard N. Hill, M.D., Ph.D.
Co-Chair, ICCVAM, U. S. EPA

http://iccvam.niehs.nih.gov
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Executive Summary

Toxicity testing is conducted to determine the
potential human health hazards of chemicals and
products.  Acute systemic toxicity testing is used
to properly classify and appropriately label
materials with regard to their lethality potential in
accordance with established regulatory
requirements (49 CFR 173; 16 CFR 1500; 29 CFR
1910; 40 CFR 156).  Non-lethal parameters may
also be evaluated in acute systemic toxicity
studies to identify potential target organ toxicity,
toxicokinetic parameters, and dose-response
relationships.  While animals are currently used to
evaluate acute toxicity, recent studies suggest that
in vitro methods may also be helpful in predicting
acute toxicity.

To evaluate the validation status and current
potential uses of in vitro methods as predictors of
acute in vivo toxicity, the Interagency
Coordinating Committee on the Validation of
Alternative Methods (ICCVAM) and the National
Toxicology Program (NTP) Interagency Center
for the Evaluation of Alternative Toxicological
Methods (NICEATM) held a four-day
workshop—the International Workshop on In
Vitro Methods for Assessing Acute Systemic
Toxicity, October 17-20, 2000, in Arlington, VA,
U.S.A.  The Workshop provided a public venue
for invited experts and ICCVAM agency
participants to review the validation status of
available in vitro methods for assessing acute
systemic toxicity and to develop
recommendations for validation efforts necessary
to further characterize the usefulness and
limitations of these methods.  Workshop
participants also developed recommendations for
future mechanism-based research and
development efforts to improve in vitro
assessments of acute systemic lethal and non-
lethal toxicity.

Specific objectives of the Workshop were to:

•  Review the status of in vitro methods for
assessing acute systemic toxicity:

— Review the validation status of
available in vitro screening methods
for their usefulness in estimating in
vivo acute systemic toxicity;

— Review in vitro methods for
predicting toxicokinetic parameters
important to acute toxicity (i.e.,
absorption, distribution, metabolism,
and elimination);

— Review in vitro methods for
predicting specific target organ
toxicity;

•  Recommend candidate methods for
further evaluation in prevalidation and
validation studies;

•  Recommend validation study designs that
can be used to adequately characterize the
usefulness and limitations of proposed in
vitro methods;

•  Identify reference chemicals that can be
used to develop and validate in vitro
methods for assessing in vivo acute
toxicity.

Four Breakout Groups were assigned specific
objectives and asked to develop responses to
questions grouped into general areas of (a)
identifying needs, (b) current status, and (c) future
directions.  Breakout Group 1 (BG1) addressed
the use of in vitro screening methods to estimate
acute in vivo toxicity (i.e., median lethal dose
[LD50 values]).  Breakout Group 2 (BG2)
discussed the role of in vitro methods for
estimating toxicokinetic parameters needed to
assess acute in vivo toxicity.  Breakout Group 3
(BG3) examined in vitro methods for assessing
target organ toxicity and mechanisms, and
Breakout Group 4 (BG4) addressed chemical data
sets for validation of acute in vitro toxicity tests.

In Vitro Screening Methods for Assessing
Acute Toxicity

BG1 was asked to evaluate the validation status of
available in vitro methods for estimating in vivo
acute toxicity.  The Group identified methods and
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appropriate validation studies that might be
completed within the next one to two years.  The
potential uses of quantitative structure-activity
relationships (QSAR) as part of an in vitro
strategy were also considered.

In identifying needs, BG1 noted that the ultimate
goal is to be able to predict acute toxicity in
humans.  To that end, the long-term goal is to
develop a battery of in vitro tests employing
human cells and to integrate the resulting
information with that derived from other sources
on key physico-chemical parameters (e.g.,
kinetics, metabolism, and dynamics) to predict
human acute toxicity.  The Group also
recommended investigating ways to reduce and
replace animal use in acute oral toxicity tests as
detailed and described in the Organisation for
Economic Co-operation and Development
(OECD) test guidelines 401, 420, 423, and 425.
The Group recognized that the use of QSAR (e.g.,
Barratt et al., 1998) can provide key information
in a number of areas, including the selection of
test chemicals for validation studies, the
interpretation of outliers, and the grouping of
chemicals by structure and biological mechanisms
of toxicity.

To characterize the current status of the use of in
vitro cytotoxicity assays to predict acute in vivo
lethality, BG1 reviewed a number of approaches
but focused on the Multicentre Evaluation of In
Vitro Cytotoxicity (MEIC) and the German Center
for the Documentation and Validation of
Alternative Methods (ZEBET) approaches.  The
MEIC program investigated the relevance of in
vitro test results for predicting acute toxicity in
humans by coordinating the generation of in vitro
cytotoxicity data for 50 chemicals by 96
laboratories using different in vitro methods.  The
MEIC management team correlated the in vitro
findings with data compiled from human
poisoning reports.  The ZEBET approach
involved using data from the Registry of
Cytotoxicity (RC), which contains a regression
analysis of in vitro cytotoxicity IC50 values and
rodent LD50 values for 347 chemicals, to
determine starting doses for LD50 tests.  BG1
concluded that none of the available in vitro
methods or proposed testing strategies had been

evaluated adequately to replace the use of animals
for acute systemic toxicity testing.

In the future, to reduce the use of animals in acute
lethality assays, BG1 recommended using in vitro
cytotoxicity data to predict starting doses for in
vivo lethality studies as proposed by ZEBET
(Spielmann et al., 1999).  Data were presented
indicating that this approach would reduce and
refine animal use for acute toxicity testing.  BG1
recommended that test laboratories evaluate and
compare the performance of several in vitro
cytotoxicity tests with the existing RC data.  An
appropriate in vitro cytotoxicity assay for this
purpose would be a protocol employing the
BALB/c 3T3 mouse fibroblast cell line, a 24-hour
exposure time, and neutral red uptake as the
measurement endpoint (of cytotoxicity).  Other
cell lines and cell viability assays could serve the
same purpose equally well.

The Group also recommended that to further the
goal of replacing the use of animals in acute
lethality assays a prevalidation study should be
initiated as soon as possible to evaluate various
cell types, exposure periods, and endpoint
measurements as predictors of acute toxicity.  The
assay, or battery of assays, determined to be the
best predictor of in vivo lethality could be
optimized further to identify, standardize, and
validate simple predictive systems for gut
absorption, blood-brain barrier (BBB) passage,
kinetics, and metabolism.  Such information has
been identified as necessary to improve the ability
of in vitro cytotoxicity data to predict in vivo
LD50 values (Curren et al., 1998; Seibert et al.,
1996; Ekwall et al., 1999).  Additionally, other
concepts such as TestSmart (CAAT, 1999, 2001),
an approach to determine whether "one can
measure cellular changes that will predict acute
system failure" (A. Goldberg, personal
communication) could be incorporated into in
vitro strategies for predicting acute toxicity in
vivo.

In the longer-term, preferably as a parallel
activity, BG1 recommended focusing on the
development and validation of human in vitro test
systems for predicting human acute toxicity,
integrating the approaches suggested by Breakout
Groups 2 and 3.  BG1 recommended that future
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studies identify and evaluate mechanism-based
endpoints.  The Group also recognized the
potential impact of genomics and proteomics in
many areas of toxicology, but noted that acute
toxicity testing is not currently an area of high
priority for the application of these new
technologies.

BG1 made the following recommendations for the
prevalidation, validation, and future development
of in vitro assays for acute lethal toxicity:

•  To further reduce the use of animals in
acute lethality assays, a guidance
document on the application of in vitro
cytotoxicity data for predicting in vivo
starting doses, including details of current
test protocols and their application should
be prepared.

•  To support a testing strategy that might
eventually replace the use of animals in
acute lethality assays, a working group of
scientific experts should be established to
identify and/or define specific in vitro
cytotoxicity test protocols for inclusion in
a prevalidation study of their use for
predicting LD50 values.  The working
group should design and plan the study in
detail and take into account the
suggestions made by BG1 (Section 2.7)
regarding cell type, exposure period, and
endpoint measurement.

•  It is anticipated that the use of simple
systems that predict gut absorption, BBB
passage, key kinetic parameters, and
metabolism will improve the ability of in
vitro cytotoxicity assays to predict rodent
LD50 values, or any in vivo  toxic effects.
Continued development and optimization
of such systems for this application is
encouraged and should receive regulatory
support.

•  In principle, QSAR approaches, including
expert systems and neural networks, could
be developed and validated for predicting
acute systemic toxicity.  Initially, an up-
to-date review of current QSAR systems
for predicting rodent oral LD50 values
should be undertaken.  In addition,
QSARs for predicting gut absorption,

metabolism, and BBB passage should be
developed and evaluated and initiatives to
increase data sharing should be
established.

•  The development of simple predictive
models for human acute toxicity should
be a major focus.

•  The evaluation and ultimate acceptance of
in vitro assays for human acute toxicity
will need a larger reference database than
is presently available for validation
purposes.  The MEIC human database
should be peer-reviewed, modified if
needed, and expanded as soon as possible
so that data will be available for future
validation studies.

In Vitro  Methods for Assessing Acute Toxicity:
Biokinetic Determinations

The second Breakout Group, BG2, was charged
with 1) evaluating the capabilities of in vitro
methods for providing toxicokinetic information
(i.e., absorption, distribution, metabolism, and
elimination) that can be used to estimate target
organ dosimetry for acute toxicity testing, and 2)
providing recommendations for future research to
accomplish this goal.  BG2 also explored the role
of QSAR in toxicokinetic determinations.

In identifying needs, BG2 focused on a short-term
goal of improving the prediction of acute lethal
effects in rodents and a long-term goal of using in
vitro techniques to evaluate chemical kinetics and
ultimately to predict sublethal acute toxic effects
in humans.  Needs include the ability to use in
vitro determinations of metabolic rate and passage
of a chemical across membrane barriers to
improve kinetic modeling.  Such information may
be useful for estimating LD50 values from basal
cytotoxicity data.  BG2 identified the following
techniques that need further development to
advance in vitro determinations of biokinetic
parameters:

•  In vitro determination of partition
coefficients, metabolism, protein binding,
and stability;

•  Characterization of biotransformation
enzymology;
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•  Structural knowledge and its translation
into “chemical functionalities,” estimation
of partition coefficients, metabolism, etc.
(i.e., “in silico” methods such as
QSAR/quantitative structure-property
relationships [QSPR]);

•  Biokinetic modeling, including the
integration of toxicodynamic and
biokinetic modeling in predicting
systemic toxicity.

Evaluation of the current status of the use of in
vitro methods to obtain biokinetic information
involved a survey of in vitro systems for
estimating metabolism and passage of membrane
barriers.  Biotransformation information can
currently be obtained using human or animal liver
preparations; however, conditions for the
preparation and incubation need to be
standardized.  Several in vitro systems for
measuring intestinal absorption are also available,
but some cell lines lack transporters that are
present in vivo.  Glomerular filtration and
reabsorption in the proximal tubule determine the
renal excretion of most compounds and can be
predicted from a compound's physico-chemical
properties and plasma protein binding.  Many of
the available renal cell lines or primary cultures
lack specific transporters implicated in the
accumulation of several nephrotoxic compounds.

Future directions for research outlined by BG2
include using a conceptual structure to integrate
kinetic information into the estimation of acute
oral toxicity.  Available in vitro data on the
absorption, tissue partitioning, metabolism, and
excretion of a test material could be used to
parameterize a chemical-specific biokinetic model
(Clewell, 1993).  The model could then be used to
relate the concentration at which in vitro toxicity
occurs to the equivalent dose that would be
expected to produce in vivo toxicity.  Such models
could also provide information on the temporal
profile for tissue exposure in vivo, which can then
be used to design the most appropriate in vitro
experimental protocol (Blaauboer et al., 1999).

BG2 suggested two main testing strategies
appropriate for research and development
activities.  One strategy was a simple method of
using chemical-specific partitioning information

and the other was a one-compartment model to
estimate the oral dose equivalent to the in vitro
cytotoxicity value.  Research and development
activities would involve collecting partitioning
information for a number of chemicals, making
such oral dose estimations, and then comparing
the estimations to empirical values to develop a
prediction model.

The other testing strategy BG2 recommended for
research and development was a tiered approach
for using in vitro cytotoxicity assays to evaluate
the role of metabolism in the production of acute
toxicity due to chemical exposure.  The first step
would be to estimate hepatocyte metabolism at a
relatively low concentration (e.g., 10 µM).

If the rate of metabolism (Vmax/Km) is low, then
basal cytotoxicity information could be relied
upon to predict in vivo toxicity.  If the metabolism
rate is high, then the responsible enzyme system
could be identified with in vitro studies.  If the
primary enzyme system is oxidative or reductive,
then metabolic activation may be producing
toxicity and a hepatocyte cytotoxicity assay
should be performed.

If the IC50 value for hepatocytes is much lower
than that for basal cytotoxicity, then the
concentration-response for metabolism should be
characterized to predict the in vivo doses that
might be associated with toxicity.  If the primary
metabolism is detoxification (conjugation,
sulfation, etc.), then the basal cytotoxicity results
could be used with some confidence to predict the
LD50 value.

BG2 also recommended identifying the
compounds that represent the outliers in the MEIC
correlations of in vitro basal cytotoxicity assays
with LD50 values.  By determining the physico-
chemical properties of these compounds and their
target tissues, it may be possible to identify
factors that could improve the correlation between
predicted oral LD50 values in rodents and
empirical values.  Such an exercise would help
define a “predictive range” for various chemical
properties over which in vitro basal cytotoxicity
assays might be expected to provide reasonable
LD50 estimates, as well as exclusion rules for
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identifying compounds for which in vitro assays
are not reliable.

Other research recommendations made by BG2
include developing validated, stable human
hepatocyte systems and in vitro systems for key
transporters (renal, biliary, etc.).  Such data would
provide a mechanistic description of barrier
functions that could be incorporated into template
physiologically-based biokinetic (PBBK) models
for various classes of chemicals.  Specific QSPR
applications need to be developed to provide other
information such as metabolic constants, binding,
etc., required by PBBK models.

The interaction between kinetics and dynamics
also needs to be explored.  For example, the effect
of toxicity on the metabolism and excretion of a
chemical or, conversely, the effect of metabolism
or reabsorption on the toxicity of a chemical must
be taken into account.  The time dimension in the
conduct of these assays should be analyzed
rigorously to account for duration and frequency
of exposure.  Other recommendations for research
include:

•  Understand the relationship between
molecular structure, physical-chemical
properties, and kinetic behavior of
chemicals in biological systems;

•  Develop algorithms to determine the
optimum kinetic model for a particular
chemical;

•  Conduct research on modeling of
fundamental kinetic mechanisms;

•  Develop mathematical modeling
techniques to describe complex kinetic
systems;

•  Develop mathematical modeling
techniques for tissue modeling
(anatomically correct models);

•  Develop an optimal battery of in vitro
assays to evaluate chemical-specific
kinetic parameters;

•  Establish a database of chemical-
independent parameters (mouse, rat,
human);

•  Develop a library of generic models that
are acceptable for regulatory risk
assessments;

•  Understand and model the mechanisms
regulating the expression of proteins
involved in kinetic processes
(metabolizing enzymes, transport
enzymes, metallothionein, membrane
channels, etc.);

•  Understand and model effects of changes
in physiological processes on kinetics of
chemicals;

•  Develop mathematical modeling
techniques to describe complex dynamic
systems and genetic networks at the
cellular and at the systemic level;

•  Develop mathematical modeling
techniques to describe individual
variability (genetic background);

•  Develop in vitro biological models that
are equivalent to in vivo tissues (i.e.,
models that maintain specified
differentiated functions that are important
for the toxicological phenomena under
study);

•  Establish lines of differentiated human
cells (e.g., derived from stem cells);

•  Understand and model mechanisms of
multi-cellular interactions in development
of toxic responses (co-cultures);

•  Understand and model relationships
between cellular responses and
biomarkers of systemic responses;

•  Compare genomic differences or species-
specific expression differences between
species and within species (e.g.,
polymorphisms in biotransformation
enzymes);

•  Perform high dose to low dose
extrapolation.

In Vitro Methods for Organ-Specific Toxicity

Breakout Group 3 reviewed in vitro methods that
can be used to predict specific organ toxicity or
toxicity associated with alteration of specific
cellular or organ functions and developed
recommendations for priority research efforts
necessary to support the development of methods
that can accurately assess target organ toxicity.
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In identifying needs, reviewing current status, and
suggesting future directions, BG3 focused on the
major organ systems most likely to be affected by
acute systemic toxicity: liver, central nervous
system, kidney, heart, hematopoietic system, and
lung.

•  Currently it is possible to assess the
potential for hepatic metabolism in high
throughput screening assay systems when
identification of the specific metabolites
is not needed.  Future work should
include development of a system that will
be able to recognize the effect of products
of hepatic metabolism on other organ
systems in a dose responsive manner.  A
worldwide database is needed to compare
human in vitro and in vivo data for hepatic
toxicity.

•  Some endpoints, assays, and cell models
for the more general endpoints for in vitro
neurotoxicity have been studied and used
extensively and are ready for formal
validation.  However, most assays and
cell models determining effects on special
functions still need significant basic
research before they can be used as
screening systems.

•  Several in vitro models to assess BBB
function are currently being evaluated in a
prevalidation study sponsored by the
European Centre for the Validation of
Alternative Methods (ECVAM).  Models
being studied include immortalized
endothelial cell lines of both human and
animal origin, primary bovine endothelial
cells co-cultured with glial cells, and
barrier-forming continuous cell lines of
non-endothelial origin.  Preliminary
results from the prevalidation study show
that the rate of penetration of compounds
that pass the BBB by simple diffusion can
be estimated by the determination of log
P, or by the use of any cell system that
forms a barrier.  To assess the impairment
of the transporter functions of the BBB,
an in vitro system with a high degree of
differentiation is required, including the
significant expression of all transporter
proteins representing species-specific
properties.  At present, this can only be

achieved in primary cultures of brain
endothelial cells co-cultured with brain
glial cells.

•  To assess kidney function, in vitro
systems will need to utilize metabolically
competent kidney tubular cells and be
able to evaluate the barrier function of the
kidney.  A system to assess this parameter
is currently being studied in Europe with
support from ECVAM.  In addition, in
vitro systems will need to assess specific
transport functions.  More research is
needed in this area to develop
mechanistically based test systems.

•  The Group's review of in vitro models for
cardiovascular toxicity concluded that
none have been validated.  The likely
candidate in vitro systems for an acute
cardiotoxicity testing scheme could
include: (a) short term single-cell
suspensions of adult rat myocytes to
measure products of oxidation; (b)
primary cultures of neonatal myocytes to
measure changes in beating rates and
plasma membrane potentials; (c) co-
culture of smooth muscle cells or
endothelial cells with macrophages to
examine rate of wound healing (DNA
synthesis); and (d) an immortalized cell
line (e.g., the human fetal cardiac
myocyte line) to measure classical
cytotoxic endpoints.  It also may be
important to include the perfused heart
preparation for a comparison with other in
vitro models since this system is more
representative of the in vivo situation than
cell culture systems.

•  Regarding the status of in vitro methods
for assessing toxicity on the
hematopoietic system, ECVAM is
supporting a validation study of the use of
colony-forming assays to test for the
development of neutropenia.  Methods to
assess effects on thombocytopoiesis and
erythropoiesis are also available and can
be considered for validation.  ECVAM is
also supporting a new project to develop
and prevalidate in vitro assays for the
prediction of thrombocytopenia.  A
preliminary study by ECVAM’s
laboratories confirmed the usefulness of
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the in vitro test for screening drug toxicity
to megakaryocyte progenitors.  The study
also showed that cord blood cells (CBC)
can be used as a human source, are more
suitable for this purpose, and provide a
means of avoiding ethical problems
connected with the collection of human
bone marrow cells (BMC).

•  In vitro evaluation of acute respiratory
toxicity should consider several cell types
since the tracheal-bronchial epithelial
lining consists of stratified epithelium and
diverse populations of other cell types,
including ciliated, secretory (e.g.,
mucous, Clara, serous), and non-secretory
cells.  BG3 reviewed a number of models
that could be used to indicate chemical-
induced cell damage or death.  The cells
of the airways are relatively accessible to
brushing, biopsy, and lavage, and
therefore lend themselves for harvesting
and use as primary cells (Larivee et al.,
1990; Werle et al., 1994).  The most
useful markers are those that relate to the
basic mechanisms by which airway
epithelia respond to toxic exposure.
However, most assays and cell models for
determining effects on special functions
still need significant basic research before
they can be used as screening systems.

BG3 indicated that specific organ toxicity data
would not be needed routinely to assess acute
systemic toxicity and recommended a tiered
approach to assess the acute systemic toxicity
potential of xenobiotics.  The first step involves
physico-chemical characterization and initial
biokinetic modeling for the chemical of interest.
Such information should be used to compare the
test material with chemicals that have a similar
structure or properties and for which toxicity data
exist that may be useful for predicting organ
distribution.  The second step is to conduct a basal
cytotoxicity assay.  The third step is to determine
the potential for metabolism-mediated toxicity.
The next two steps can be done in either order.
Step 4 involves assessing the effect of the test
substance on energy metabolism by using a
neuronal cell line that expresses good aerobic
energy metabolism.  Results from this system will

help determine if the nervous or cardiovascular
systems are likely targets.  If there is evidence of
metabolism (from Step 3), Step 4 must be done
with both the parent compound and the
metabolite(s).  The fifth step is to assess the
ability of the compound to disrupt epithelial cell
barrier function using a transepithelial resistance
assay across a membrane.  The results from such a
system will help determine if organs (e.g., brain,
and kidney) that depend on barriers for defense
against toxic insult are likely to be targets.  If the
compound causes disruption of barrier function at
a concentration lower than the basal cytotoxicity,
the endpoint used in determining the effect on the
organism might need to be lowered to take this
into consideration.  If there is evidence of
metabolism in Step 3, Step 5 must be done with
both the parent compound and the metabolite(s).

Chemical Data Sets for Validation of In Vitro
Toxicity Tests

Breakout Group 4 defined the chemical data sets
required for validation studies, identified existing
resources, and recommended approaches for using
existing data sets and/or compiling or developing
new data sets.

Rather than develop specific lists of chemicals,
BG4 developed criteria for establishing a database
of chemicals to use to validate individual tests or
prediction models.  In identifying needs, BG4
noted that chemicals chosen for use in a validation
study should be distributed uniformly across a
broad range of toxicity.  Two sets of chemicals are
needed: 1) training sets that can be used for
method development and 2) validation sets that
can be used to confirm the predictive capacity of
the tests.  In selecting chemicals for use in
validation studies, needs of the user communities
must be met.  The performance parameters of the
in vivo tests must be clearly defined prior to
chemical selection if the results of these tests are
to serve as a baseline for judging success.

To evaluate the current status of chemical data
sets for prevalidation and validation activities, a
number of databases were discussed.  The NTP
database would be a useful component of any
primary database of chemicals for validation.  The
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high production volume (HPV) database,
containing predominantly industrial chemicals,
might not meet the needs of all user communities.
The U.S. Environmental Protection Agency
pesticides database and the U.S. Food and Drug
Administration drugs and food additive databases
contain associated LD50 data of good quality, but
accessibility of the data may be impeded by
confidentiality claims by the sponsors.

For future activities, BG4 recommended
convening an expert committee to assemble a
reference set of test chemicals from existing
databases according to the following criteria:

•  Chemicals selected must be consistent
with the test protocol and its prediction
model, be physically and chemically
compatible with the test system, and
include the relevant chemical classes.
— The definition of chemical class is

context-specific.
— The developers of the test must

specify the parameters that define the
class.

— The chemicals must be chosen
independently.

•  The toxicity must cover the range of
response with uniform distribution.

•  The number of chemicals used in the
subset will depend on the nature of the
test and the questions being asked, and
should be determined with statistical
advice.

BG4 also recommended undertaking a study of
existing databases to determine the variation in
rodent LD50 results introduced by different
laboratories and by different protocols used by
various regulatory agencies.

To build upon the MEIC foundation, BG4
recommended that an expert panel review the
MEIC approach for measuring acute toxicity
parameters in humans.  The Group agreed that a
standard approach for measuring acute toxicity
parameters is necessary and that existing sources
of information should be searched carefully to
ensure that all human data are obtained.



1

1.0 INTRODUCTION

This report summarizes the proceedings and
outcome of the International Workshop on In
Vitro Methods for Assessing Acute Systemic
Toxicity, October 17-20, 2000, in Arlington, VA,
U.S.  This Workshop, the first convened by
ICCVAM and NICEATM, evaluated the status of
available in vitro methods for assessing acute
toxicity.  These included screening methods such
as those that may be used to predict the starting
dose for in vivo animal studies, and in vitro
methods for generating information on
toxicokinetics, target organ toxicity, and
mechanisms of toxicity.  The Workshop also
developed recommendations for validation efforts
necessary to further characterize the usefulness
and limitations of these methods and for research
and development efforts that might further
improve in vitro assessments of acute systemic
toxicity.  Notice of the Workshop and requests for
nomination of scientific experts and submission of
information on relevant past, current, or future
studies were announced in two Federal Register
notices (See Appendix H).

This introduction briefly summarizes the purpose
and history of acute toxicity testing and the
purpose and conduct of the Workshop.  The final
reports from the Breakout Groups are presented in
Sections 2 through 5.  Section 6 provides a
glossary, while Section 7 contains the Registry of
Cytotoxicity (RC) Data, a database of LD50
values and in vitro cytotoxicity IC50 values, and a
regression analysis between the two values.
Section 8 contains all references cited in the
Breakout Group reports and appendices.  The
Appendices provide supplementary materials,
including the Workshop agenda, a summary of the
plenary sessions, guidance for the Breakout
Groups, the background document provided to
Workshop participants, the NICEATM summary
of the Multicenter Evaluation of In Vitro
Cytotoxicity (MEIC), regulatory requirements for
acute toxicity information, a bibliography, the list
of Workshop participants, Federal Register
notices regarding the Workshop, and ICCVAM
test method recommendations forwarded to
Federal agencies.

1.1 History and Purpose of Acute Toxicity
Testing

Acute oral systemic toxicity testing is conducted
to determine the hazard potential of a single oral
exposure to various chemicals and products.  Four
regulatory agencies in the United States, the
Department of Transportation (DOT), the
Consumer Product Safety Commission (CPSC),
the Occupational Safety and Health
Administration (OSHA), and the U.S.
Environmental Protection Agency (EPA) require
industry to label chemicals and products with
hazard information based on LD50 estimates.
DOT requires oral lethality data to determine the
transportation requirements for hazardous
substances (49 CFR 173).  CPSC requires such
information for labeling hazardous substances so
as to protect consumers when such products are
used in the home, the school, and recreational
facilities (16 CFR 1500).  OSHA requires the use
of acute lethality data to implement labeling
requirements for the hazard communication
program to protect employees (29 CFR 1910).
Certain EPA regulatory programs also require the
submission or generation of acute toxicity data for
hazard classification purposes (40 CFR 156).
During acute toxicity testing, non-lethal endpoints
may also be evaluated to identify potential target
organ toxicity, toxicokinetic parameters, and/or
dose-response relationships.

As shown in Table 1, the international community
also uses acute oral toxicity data as the basis for
hazard classification and the labeling of chemicals
for their manufacture, transport, and use (OECD,
1998a).  Other potential uses for acute toxicity
testing data include:

•  Establishing dosing levels for repeated-
dose toxicity studies;

•  Generating information on the specific
organs affected;

•  Providing information related to the mode
of toxic action;

•  Aiding in the diagnosis and treatment of
toxic reactions;

•  Providing information for comparison of
toxicity and dose response among
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•  substances in a specific chemical or
product class;

•  Aiding in the standardization of biological
products;

•  Aiding in judging the consequences of
single, high accidental exposures in the

workplace, home, or from accidental
release;

•  Serving as a standard for evaluating
alternatives to animal tests.

Table 1.1 OECD Harmonized Integrated Hazard Classification System for Human Health and Environmental

Effects of Chemical Substances—Oral Toxicity (OECD, 1998a)

Acute Toxicity
Route

Toxicity
Class 1

Toxicity
Class 2

Toxicity
Class 3

Toxicity
Class 4

Toxicity
Class 5

Oral
LD50 Values (mg/kg)

[approximate]
5 50 300 2000 5000

Historically, lethality has been the primary
toxicological endpoint in acute toxicity tests.
Trevan (1927) was the first to attempt to
standardize a method for assessing the toxicity of
potent biological toxicants, the progenitor of the
"lethal dose, 50% (LD50) test".  The classical
LD50 test procedure that evolved from this
innovation in the 1970s and early 1980s used from
100 to 200 animals per test substance (Galson,
2000).  Although other information, such as the
slope of the dose-response curve, confidence
interval for the LD50, and toxic signs, could also
be obtained from this test, the procedure was
severely criticized for both scientific and animal
welfare reasons (Zbinden and Flury-Roversi,
1981).  These criticisms eventually resulted in the
proposal and adoption of a new guideline (OECD
TG 401; OECD, 1987) that reduced the required
number of animals to 20.  This has become the
most widely used method for defining the acute
toxicity of a chemical and a mandatory-testing
requirement for new chemicals.  More recently,
the acute toxicity test procedure has been
modified in various ways to refine and further
reduce the number of animals used to a maximum
of 16 (OECD, 1992; 1996; 1998b).  The Globally
Harmonized Scheme for Hazard Classification
prompted a re-assessment of all of the OECD in
vivo test guidelines for acute toxicity (i.e., fixed

dose, up and down procedure, acute toxic class
method) to ensure that regulatory needs are met
while minimizing animal usage and maximizing
data quality.

Recent studies suggest that in vitro methods may
be helpful in predicting acute toxicity and
reducing the number of animals necessary to
assess acute toxicity.  Studies by Spielmann et al.
(1999) suggest that in vitro cytotoxicity data may
be useful in identifying an appropriate starting
dose for in vivo  studies, and thus may potentially
reduce the number of animals necessary for such
determinations.  Other studies (e.g., Ekwall et al.,
2000) have indicated an association between
chemical concentrations leading to in vitro basal
cytotoxicity and human lethal blood
concentrations.  A program to estimate
toxicokinetic parameters and target organ toxicity
utilizing in vitro methods has been proposed that
may provide enhanced predictions of toxicity, and
potentially reduce or replace animal use for some
tests (Ekwall et al., 1999).  However, many of the
necessary in vitro methods for this program have
not yet been developed.  Other methods have not
been evaluated in validation studies to determine
their reliability and relevance for generating
information to meet regulatory requirements for
acute toxicity testing.  Development and
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validation of in vitro methods that can establish
accurate dose-response relationships will be
necessary before such methods can be considered
for the reduction or replacement of animal use for
acute toxicity determinations.

1.2 Purpose and Objectives of the
Workshop

The International Workshop on In Vitro Methods
for Assessing Acute Systemic Toxicity examined
the status of available in vitro methods for
predicting acute toxicity, including screening
methods for acute toxicity, and other methods that
might be suitable to predict the starting dose for in
vivo animal studies, and methods for generating
information on toxicokinetics, target metabolism
organ toxicity, and mechanisms of toxicity.  The
Workshop developed recommendations for
validation efforts necessary to further characterize
the usefulness and limitations of these methods.
Recommendations were also developed for future
mechanism-based research and development
efforts that might further improve in vitro
assessments of acute systemic lethal and non-
lethal toxicity.

Specific objectives of the Workshop were to:

•  Review the status of in vitro methods for
predicting acute systemic toxicity:
— Review the validation status of

available in vitro screening methods
for their usefulness in estimating in
vivo acute systemic toxicity;

— Review in vitro methods for
predicting toxicokinetic parameters
relevant to acute toxicity (i.e.,
absorption, distribution, metabolism,
elimination);

— Review in vitro methods for
predicting specific target organ
toxicity;

•  Recommend candidate methods for
further evaluation in prevalidation and
validation studies;

•  Recommend validation study designs to
adequately characterize the usefulness and
limitations of proposed in vitro methods;

•  Identify reference chemicals for
development and validation of in vitro
methods for assessing in vivo acute
toxicity;

•  Identify priority research efforts necessary
to support the development of in vitro
methods to assess acute systemic toxicity
adequately.  Such efforts might include
incorporation and evaluation of new
technologies such as gene microarrays,
and development of methods necessary to
generate dose response information.

1.3 Conduct of the Workshop

The International Workshop on In Vitro Methods
for Assessing Acute Systemic Toxicity, which
was open to the public, was conducted over three
and a half days.  The final agenda for the meeting
is provided in Appendix A.  As the agenda
shows, the Workshop began with a plenary
session to frame the purpose and objectives of the
Workshop and formulate the problem of using in
vitro tests to predict in vivo acute toxicity.  A
summary of the opening plenary session is
provided in Appendix B.  The opening plenary
session was followed by Breakout Group
discussions for two and a half days.  Each of the
four Breakout Groups was comprised of 12 to 18
individuals who were invited scientific experts or
ICCVAM agency participants.  Breakout Groups
addressed their assigned objectives for the
Workshop by developing responses to questions
provided in the background materials for the
Workshop (See Appendix C).  Breakout Groups
reported on their progress each morning of the
second and third days, and gave a final report on
the last day of the meeting.  Written reports of
each Breakout Group’s findings, conclusions and
recommendations are provided in Sections 2
through 5.  Public observers were invited to
provide comments in both plenary and breakout
sessions of the Workshop.  A summary of public
comments during plenary sessions is provided in
Appendix B.  After the Workshop, ICCVAM
reviewed the Breakout Group reports and
developed test method recommendations for
Federal agencies (see Appendix I).
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2.0 IN VITRO SCREENING METHODS
FOR ASSESSING ACUTE TOXICITY

2.1 Introduction

Since the early work of Pomerat and Leake
(1954), Eagle and Foley (1956), and Smith and
colleagues (1963), research over the last 50
years has been conducted to evaluate the
potential use of in vitro cell systems for
predicting acute toxic effects in vivo.
Significant correlations between cytotoxicity in
vitro and animal lethality have been
demonstrated on numerous occasions (for
reviews see Phillips et al., 1990; Garle et al.,
1994), as have correlations between
cytotoxicity in vitro and systemic and topical
effects from acute exposures to chemicals.
Several newer initiatives directed toward
reducing and replacing the use of laboratory
animals for acute toxicity testing have emerged
(Curren et al., 1998; Ohno et al., 1998;
Spielmann et al., 1999; Ekwall et al., 2000);
these initiatives were reviewed as part of the
charge given to Breakout Group 1 (In Vitro
Screening Methods) at this Workshop.

2.1.1 Charge to the Breakout Group

Breakout Group 1 (BG1) was asked to evaluate
the validation status of available in vitro
methods for estimating in vivo acute toxicity
and was requested to identify methods and
appropriate validation studies that might be
completed within the next one to two years.  It
was also envisaged that the Breakout Group
would evaluate potential uses of QSAR as part
of an in vitro  strategy.

2.1.2 Objectives

The specific objectives of the Workshop
pertinent to the charge given to BG1 were given
as follows:

(1) Review the validation status of available
in vitro screening methods for their
usefulness in estimating in vivo acute
toxicity.

(2) Recommend candidate methods for
future evaluation in prevalidation and
validation studies.

(3) Recommend validation study designs
that can be used to adequately
characterize the usefulness and
limitations of proposed in vitro
methods.

(4) Identify priority research efforts
necessary to support the development
of mechanism-based in vitro methods to
assess acute systemic toxicity.

In its opening deliberation on these objectives,
BG1 members decided to limit the review to
methods for reducing or replacing animal use for
determining acute lethality with the
understanding that Breakout Group 3 would
focus on methods for assessing acute systemic
toxicity.

2.2 Background

Cytotoxicity has been defined as the adverse
effects resulting from interference with
structures and/or processes essential for cell
survival, proliferation, and/or function (Ekwall,
1983).  These effects may involve the integrity
of membranes and the cytoskeleton, cellular
metabolism, the synthesis and degradation or
release of cellular constituents or products, ion
regulation, and cell division.  Ekwall (1983)
described the concept of "basal cell functions"
that virtually all cells possess (mitochondria,
plasma membrane integrity, etc.) and suggested
that, for most chemicals, toxicity is a
consequence of non-specific alterations in those
cellular functions which may then lead to
effects on organ-specific functions and/or death
of the organism.

 Ekwall drew two important inferences from his
early studies: that (a) cell cultures (notably cell
lines) can be used to detect basal cytotoxicity;
and (b) many chemicals exert cytotoxic effects
on these cultures at concentrations which would
be lethal in humans.  Ekwall recognized that
there will be exceptions and ultimately
refinements needed in the development of a test
battery for predicting human lethality, as, for
example, incorporating test strategies for
identifying chemicals that produce cell selective
(organ specific) toxicity at lower
concentrations than “basal” (or general)
cytotoxicity.
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Others likewise concluded that, since the actions
of chemicals that produce injury and death are
ultimately exerted at the cellular level,
cytotoxicity assays may be useful for the
prediction of acute lethal potency (Grisham and
Smith, 1984).  Based on that premise, a
considerable amount of research has been
undertaken into the development and
evaluation of in vitro  tests for use as screens and
as potential replacements for in vivo LD50
tests.  Good agreement between cytotoxicity in
vitro and animal lethality have been reported by
numerous groups (see reviews by  Phillips et al.,
1990; Garle et al., 1994; Guzzie, 1994).
However, none of the proposed in vitro models
have been evaluated in any formal studies for
reliability and relevance, and their usefulness
and limitations for generating information to
meet regulatory requirements for acute toxicity
testing have not been assessed.

More recently, Spielmann and colleagues have
conducted studies to indicate that, as a first step
toward replacement of LD50 tests, in vitro
cytotoxicity data could be used now to identify
the appropriate starting dose for in vivo studies,
thereby reducing the number of animals
necessary for such determinations (Spielmann et
al., 1999).  Other studies have indicated an
association between chemical concentrations
inducing cytotoxic effects in vitro and human
lethal blood concentrations (Ekwall et al.,
2000).  Several groups have proposed the use of
in vitro cytotoxicity tests in tiered testing
schemes.  These tests include proposed
strategies for using in vitro test data as a basis
for classifying and labeling new chemicals,
thereby reducing (and possibly replacing) the
need for acute toxicity tests in animals (Seibert
et al., 1996) and for in vitro cytotoxicity data
and other information in a tiered approach to
replace oral LD50 tests (Curren et al., 1998).
Curren and colleagues recognized that the
application of their proposal was limited
because of insufficient information on the many
cellular mechanisms involved in chemical-
induced lethality and because the most reliable
in vitro models for gastrointestinal uptake,
blood-brain barrier (BBB) passage, and
biotransformation for more precise quantitative
in vivo toxic dose/exposures were not yet
identified.

To summarize, many investigations of the
relationship between in vitro cytotoxicity and
acute toxicity in vivo have been reported.  Since
it was not possible to critically review and
discuss all of the published literature in the
course of the Workshop, a selection of recent
key activities and reports that included the most
advanced and extensive efforts to develop
alternative methods for lethality was made for
consideration by Breakout Group 1 (Appendix
D).  The most intensive discussions focused on
the ZEBET and MEIC approaches, which are
outlined below in detail for the reader’s
reference (Sections 2.2.1-2.2.6 and 2.2.7,
respectively).

2.2.1 Prediction of In Vivo Starting Doses
(ZEBET Approach)

Investigators (Halle et al., 1997; Halle 1998;
Spielmann et al., 1999) have proposed a
strategy to reduce the number of animals
required for acute oral toxicity testing.  The
strategy is referred to in this document as the
ZEBET approach where ZEBET is the acronym
for Zentralstelle zur Erfassung und Bewertung
von Ersatz- und Ergaenzungsmethoden zum
Tierversuch (the National Center for
Documentation and Evaluation of Alternative
Methods to Animal Experiments).  The
strategy involves using in vitro cytotoxicity
data to determine the starting dose for in vivo
testing.  They report the findings of an initial
study conducted to assess the feasibility of
applying the standard regression between mean
IC50 values (i.e., IC50x, the mean
concentration estimated to affect the endpoint
in question by 50%) and acute oral LD50 data
included in the Register of Cytotoxicity (RC) to
estimate the LD50 value which can then be used
to determine the in vivo starting dose.  

The RC is a database of acute oral LD50 data
from rats and mice (taken from the NIOSH
Registry of Toxic Effects of Chemical
Substances [RTECS]) and IC50x values of
chemicals and drugs from in vitro cytotoxicity
assays (Halle and Goeres, 1988; Halle and
Spielmann, 1992).  It currently contains data on
347 chemicals (Halle, 1998; Spielmann et al.,
1999).  The main purpose of establishing the
RC was to evaluate, with a large amount of non-
selected data from various chemicals with
different systemic oral toxicities, whether basal
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cytotoxicity (averaged over various cells, cell
lines, and/or toxicity endpoints) is a sufficient
predictor for acute systemic toxicity.  

Apart from the fact that basal cytotoxicity was
an acceptable predictor (i.e., LD50 values
localized in the dose range around the regression
line by the empirical factor FG < log 5) of the
LD50 for 74% of the RC chemicals (Halle and
Spielmann, 1992), the predicted LD50 value
can be used as a starting dose in acute oral
toxicity testing to reduce the number of
animals.  This concept was first discussed at an
ECVAM workshop (Seibert et al., 1996) as it
related to refinements of in vivo acute toxicity
tests by the use of new sequential dosing
methods such as the Acute Toxic Class method
([ATC; OECD TG 423] OECD, 1996) and the
Up-and-Down Procedure ([UDP; OECD TG
425] OECD, 1998b).  In these tests, the number
of animals needed depends upon the correct
choice of the starting dose, since the number of
consecutive dosing steps would be reduced as the
starting dose more closely approximates the
true toxicity class (ATC), or the true LD50
(UDP) (i.e., the more precisely the starting dose
is predicted, the fewer animals that need to be
used).

2.2.2 Characterization of the RC

The first registry, RC-I (Halle and Göeres,
1988), contained 117 chemicals and served as a
training data set to establish a linear regression
model for predicting oral LD50 values.  A
second data set of 230 chemicals, RC-II,
verified the regression obtained with RC-I
(Halle, 1998).  Currently, a third RC of 150
chemicals that will increase the number of
chemicals to almost 500 is in preparation.  It is
important to note that, in order to keep the
registry unbiased, published data that were
complete and met the acceptance criteria
described below were included in the RC without
further restriction.  Thus, the RC contains data
of nonselected chemicals.  However, it has to be
noted that selecting only published data may be
a slight bias in itself because it identifies
chemicals of scientific interest, public concern,
etc., so that pharmaceuticals, pesticides,
consumer products (e.g., cosmetics, food
additives, etc.), and biocides are over-
represented compared to industrial chemicals;

the majority of the latter are of low toxicity (I.
Gerner, BgVV, personal communication, as cited
in Spielmann et al., [1999]).

The acceptance criteria for the in vitro
cytotoxicity data were defined as follows:

• At least two different IC50 values were
available, either from different cell
types, or from different cell lines, or
from different cytotoxicity endpoints.

• Only cytotoxicity data obtained with
mammalian cells were accepted.

• Cytotoxicity data obtained with
hepatocytes were not acceptable.

• The chemical exposure time in the
cytotoxicity tests was at least 16-hr.

Only the following cytotoxicity endpoints were
accepted:

• Cell proliferation:  cell number, cell
protein, DNA content, DNA synthesis,
colony formation;

• Cell viability, metabolic indicators:
MIT-24, MTT, MTS, XTTC;

• Cell viability, membrane indicators:
Neutral Red Uptake (NRU), Trypan blue
exclusion, cell attachment, cell
detachment;

• Differentiation indicators.

The acceptance criteria for the in vivo data
were defined as follows:

• Only LD50 values published in RTECS
were used.

• If different issues of RTECS reported
different LD50 values, then the first
LD50 value was used for the RC.  This
value is also the highest value reported,
since NIOSH replaces an LD50 value
whenever a smaller value is available in
the literature.  A continuous change of
in vivo data in the RC would not have
been acceptable because the RC database
had to be ‘closed’ to form a training
data set (RC-I) and later a verification
data set (RC-II).  Therefore, since the
beginning of data collection for RC-II,
all LD50 values were only taken from
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the 1983 RTECS issue, and later issues
were not used.

The IC50 values from RC-I and RC-II, for a
total of 347 chemicals, were obtained from 157
original publications in the literature.  In the
regression analysis for 347 chemicals, 1,912
single IC50 values were averaged (geometric
means) per chemical to one IC50x value and
then paired with 347 in vivo acute oral LD50
values.  Whenever obtainable from RTECS, oral
in vivo LD50 data from the rat were used (282
values).  As a second priority, LD50 data from
the mouse were used (65 values).  Before data of
rats and mice were merged in the RC, regression
analyses performed separately with rat and
mouse data justified this procedure (Halle,
1998).  Although, by pairing 347 in vitro IC50x
data with 347 in vivo LD50 data, an equal
weight is given to each chemical, it has been
criticized by reviewers that the IC50x is the
geometric mean of a few up to many single data
[minimum: n = 2, maximum: n = 32] per
chemical.  However, if the RC regression is
recalculated with the means of only the smallest
and the largest IC50 values per chemical, there
are no differences in the regression function
(Halle, personal communication).  

To obtain a prediction model, a linear
regression was derived from pairs of the log-
transformed IC50x values and oral LD50 values
(in mmol/kg), where ‘a’ is the intercept and ‘b’
is the regression coefficient, to produce the
regression model [log (LD50) = b x log (IC50x)
+ a] shown graphically in Figure 2.1:

log (LD50) = 0.435 x log (IC50x) + 0.625

To allow comparison of the predictive value of
the RC (or parts of the RC) with other similar
approaches (prediction of the LD50 from basal
cytotoxicity), an empirical linear-shaped
prediction interval of a factor (FG) of ± log 5
was defined (Figure 2.1).  The linear-shaped
boundaries should not be confused with the
curved boundaries of a probability-based
confidence interval.  Halle defined this interval
empirically as an acceptability measure based on
information of the required and expected
precision of rodent oral LD50 data (Halle and
Spielmann,1992).

To evaluate the validity of the regression
model, the key parameters of the regression for
RC-I, RC-II, and RC-I+II (Table 2.1) were
compared with the regression parameters
obtained with single mammalian cell lines.
Table 2.1 shows that all regression lines have
essentially identical intercepts and regression
coefficients (slopes) regardless of whether single
parts of the RC or the whole RC were analyzed,
or whether data from single studies with only
one cell line were used.  In addition, the
percentage of data within the defined prediction
interval (± log 5) is almost constant (73%-
77%).  In summary, the regression function
derived from the RC, and from the RC subsets,
seems to be a reliable description of the general
relationship between basal cytotoxicity and
rodent oral systemic LD50 values.  This
relationship can consequently be used as a
mathematical model for prediction of rodent
oral LD50 values from basal cytotoxicity.
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Regression between cytotoxity (IC50x) and acute oral 
LD50 values

0.0001
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l  RC chemicals

Figure 2.1. Registry of Cytotoxicity regression between cytotoxicity (IC50x) and rodent acute oral LD50
values of 347 chemicals
The heavy line represents the fit of the data to a linear regression model (r=0.67); the two
additional lines represent the boundaries of ± log 5, an acceptance interval for this prediction
model (Halle and Spielmann, 1992).  This factor, FG = ± log 5, was established based on
information of the required and expected precision of LD50 values from rodent studies.  The
equation of the regression line (prediction model) reads: log (LD50) = 0.435 x log (IC50x) +
0.625.

Table 2.1. Linear regression parameters of two RC issues and two single studies using one cell line and
one cytotoxicity endpoint

RC or Cell
line**

Number  of
Chemicals
(n)

Correlation
Coefficient
(r)

Intercept

(a)

Regression
Coefficient
(b)

% Chemicals
in Prediction
Intervala

Referenceb

RC-I * 117 0.667 0.637 0.477 74 1
RC-II * 230 0.666 0.634 0.414 73 2
RC-I+II * 347 0.672 0.625 0.435 73 2, 3, 4
BCL-D1** 22 0.720 0.536 0.633 77 5
3T3-L1 ** 91 0.720 0.631 0.427 74 6

aPrediction interval for regression line is ± FG ≤ log 5.
b    References   :  1 = Halle and Göeres, 1988; 2 = Halle, 1998; 3 = Halle et al., 1997; 4 = Spielmann et al., 1999; 5 =
Knox et al., 1986; 6 = Clothier et al., 1988.
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2.2.3 Influence of the Starting Dose in the
Acute Toxic Class (ATC) Method.

Introductory note: The current accepted version
of the ATC is the version adopted by the OECD
in 1996 (OECD TG 423; OECD, 1996).
Several updated drafts have been created since
the OECD endorsed a new Globally Harmonized
System (GHS) for the classification of chemicals
in November 1998 (OECD, 1998a).  The most
recent draft of TG 423 was issued after the
ICCVAM Workshop was held (OECD, October,
2000; http://www.oecd.org/ehs/test/health.htm).
Consequently, the following analysis focuses on
the 1996 OECD version of TG 423, but also
attempts to address recent developments.

Following a national and an international
experimental validation study of the ATC
Method (Schlede et al., 1992, 1994; Diener et
al., 1995), the ATC was accepted by the OECD
(OECD TG 423; OECD, 1996) as an alternative
to the classical LD50 test for acute oral
toxicity.  In the TG 423 procedure, a substance
is tested in a stepwise dosing procedure with
each step using three animals of a single sex at
the same time.  The proportion of survivors
dosed at one step determines the next step,
which is: (a) no further testing, or (b) dose three
additional animals with the same dose, or (c)
dose three additional animals at the next higher
or the next lower dose.  Originally, the method
was developed and experimentally validated
with two sexes and three different fixed starting
doses (25, 200, and 2000 mg/kg body weight
[b.w.]) reflecting the European Union (EU)
hazard classification system.  A thorough
biometrical analysis (Diener et al., 1995)
showed that the ATC is applicable to all hazard
classifications currently in use.  

Figure 2.2 shows, for example, that to classify a
chemical as “toxic” or “very toxic”, 1-2
consecutive steps could be saved if 25 mg/kg
b.w. was used as the starting dose instead of the
medium dose.  With increasing distance between
the true toxicity class and the starting dose, the
number of dosing steps increases.  This effect is
shown in more detail in Table 2.2, which shows
the expected number of animals used and the
number that died in relation to starting dose and
true LD50 for a dose-mortality slope of β = 2.
Biometrical calculations with other slopes (from

β= 1 to β = 6) revealed the dependency in Table
2.2 is only slightly affected by the dose-
mortality slope (for details see Diener et al.,
1995).  

In summary, one to three dosing steps can be
avoided if the optimum starting dose can be
predicted from a preceding cytotoxicity test.
Taking into account that approximately 75%
of the LD50 values predicted from basal
cytotoxicity tests are expected to fall within
the prediction interval of ± log 5 (see Table
2.1), and, moreover, that the space between the
three starting doses (25, 200, 2000 mg/kg b.w.)
is a factor of about 10, it was anticipated that,
for most chemicals, the starting dose predicted
from cytotoxicity would have been the dose
requiring the fewest consecutive steps to reach a
classification.

In November 1998, the GHS for the
classification of chemicals, which uses four
toxicity classes instead of the three used by the
current EU system, was endorsed by the OECD
(OECD, 1998a).  A fifth toxicity class (> 2000
– 5000 mg/kg b.w.) was additionally introduced
for special regulatory purposes.  As a
consequence, the current updated Draft OECD
TG 423 (OECD, October, 2000;
http://www.oecd.org/ehs/test/health.htm) now
uses four different starting doses (5, 50, 300,
and 2000 mg/kg b.w.), but the upper boundary
of the fifth class of 5000 mg/kg b.w. is not used
as a starting dose.  Figure 2.3 shows the
proposed revision of the ATC.

For the version of the revised ATC to be
consistent with the OECD GHS classification
system, biometrical calculations of the expected
number of animals used and dead in relation to
starting dose, true LD50, and dose-mortality
slope, have been published (Diener and Schlede,
1999).  While any increase in the number of
possible starting doses theoretically increases
the potential to save dosing steps when using
the optimal starting dose, only a small decrease
in animal numbers is expected compared to the
current ATC method because (a) the number of
starting doses has been increased at the toxic
end of the scale, where the prediction of the
LD50 by IC50 is less accurate than at the non-
toxic end of the scale, and (b) the entire scale is
still about the same length.

http://www.oecd.org/ehs/test/health.htm
http://www.oecd.org/ehs/test/health.htm
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ANNEX 3b
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INTERPRETATION OF RESULTS BASED ON OPTION 1 TESTING
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Figure 2.2 Principle of the Acute Toxic Class (ATC) method: medium starting dose
Source: OECD TG 423, Annex 3b (OECD, 1996).  Example shows the possible dosing steps when
200 mg/kg b.w. is used as the starting dose.  Depending on the toxicity of the test substance, 2 to 4
steps may be necessary to reach a classification according to hazard classification systems currently in
use.
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Table 2.2. Influence of the ATC starting dose on total number of animals (used and dead) in relation to
the true LD50 for slope = 2a

Starting dose in mg/kg body weight
25 200 2000

True LD50 Used Dead Used Dead Used Dead
1 3.0 3.0 6.0 6.0 9.0 9.0
2 3.0 3.0 6.0 6.0 9.0 9.0
5 3.1 2.8 6.1 5.8 9.1 8.8

10 3.4 2.7 6.4 5.6 9.4 8.6
20 4.6 2.8 7.2 5.3 10.2 8.3
50 7.5 3.3 8.6 4.2 11.6 7.2
100 9.3 3.2 9.3 3.3 12.2 6.2
200 11.2 3.2 9.7 3.1 12.0 5.3
500 14.0 3.3 9.3 3.3 10.0 3.9

1000 14.9 2.6 9.1 2.6 9.2 2,7
2000 15.4 1.8 9.4 1.8 9.3 1.8
5000 16.5 1.0 10.5 1.0 9.0 1.0
10000 17.3 0.4 11.3 0.4 7.7 0.4
20000 17.8 0.1 11.8 0.1 6.6 0.1
50000 18.0 0.0 12.0 0.0 6.1 0.0

100000 18.0 0.0 12.0 0.0 6.0 0.0
aPresented by W. Diener at the OECD ad hoc expert meeting on evaluation of the
ATC in Berlin, Germany, 1994.

ANNEX 2d:   TEST PROCEDURE WITH A STARTING DOSE OF 2000 MG/KG BODY WEIGHT
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Figure 2.3. Proposed revision of the ATC to meet requirements of the OECD GHS
Source: OECD, Draft TG 423 (OECD, 2000).  The number of new starting doses and spaces between
have been changed so that the results from this test will allow a substance to be ranked and classified
according to the GHS for the classification of chemicals which cause acute toxicity (OECD, 1998a).
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2.2.4 Influence of the Starting Dose in the Up-
and-Down-Procedure (UDP)

Introductory note: The current accepted version
of the UDP is the version adopted by the OECD
in 1998 (OECD TG 425; OECD, 1998b).
Updated drafts of TG 425 have been created to
allow for assessment of the confidence interval
for the LD50 point estimate, and to include the
application of new stopping rules and a larger
dose progression factor, both of which tailor the
UDP to the most efficient use of animals and
improve the point estimate obtained.  The most
recent draft of TG 425 was issued after the
ICCVAM Workshop was held (OECD, October
2000; http://www.oecd.org/ehs/test/health.htm).
The analysis of the possible number of animals
saved in a tiered approach is therefore based on
the currently adopted 1998 OECD version of
TG 425, but the significance for both versions
can be assumed.

The concept of the up-and-down testing
approach was first described by Dixon and Mood
(Dixon and Mood, 1948; Dixon, 1965; 1991a,
1991b) and was later proposed to be used for the
determination of acute toxicity of chemicals
(Bruce, 1985).  Apart from many biometrical
publications refining the method (not cited
here), a key review paper (Lipnick et al.,
1995a) compared the results obtained with the
UDP, the conventional LD50 test ([TG 401]
OECD, 1981) and the Fixed Dose Procedure
([FDP; TG 420] OECD, 1992).

In principle, all versions of the UDP are
stepwise procedures that use (as opposed to the
ATC) single animals with the first animal
receiving a dose at the best estimate of the
LD50 (adopted TG 425, OECD 1998b), or one
dosing step below the best estimate of the LD50
(most recent draft TG 425).  Depending on the
outcome for the first animal, the dose for the
next is increased or decreased, either by a factor
of 1.3 (adopted TG 425), or by a factor of 3.2
(recent draft TG 425).  This sequence continues
until there is a reversal of the initial outcome
(i.e., the point where an increasing dose results
in death rather than survival, or decreasing dose
results in survival rather than death).  After
reaching the first reversal of the initial
outcome, four additional animals are dosed
following the up-down principle according to

the adopted TG 425 (OECD, 1998b).  In the
most recent draft, however, a combination of
stopping criteria is used to keep the number of
animals to a minimum, while adjusting the
dosing pattern to reduce the effect of a poor
starting value or low slope.  When one of the
following criteria is satisfied, dosing is stopped
and estimates of the LD50 and confidence
interval are calculated according to the
maximum likelihood method.  

Three stopping criteria are defined in the draft
UDP test guideline as follows:

(1) Three consecutive animals survive at the
upper bound;

(2) Five reversals occur in any six
consecutive animals tested (not just the
first six);

(3) At least four animals have followed the
first reversal and the specified
likelihood-ratios exceed the critical
value.  (Calculations are made at each
dose following the fourth animal after
the first reversal.)

Under certain circumstances, which are defined
in the draft Guideline, statistical computation
will not be possible or will likely give erroneous
results.  For most applications, testing will be
completed with only four to six animals after an
or the initial reversal in animal outcome
[stopping rule (c)]

Since the UDP test guideline ([TG 425] OECD,
1998b) clearly states that the test performance
of the method is optimal if the investigator’s
best estimate is used as a starting dose,
Spielmann et al. (1999) have investigated the
quality of LD50 estimates derived from the RC
(Halle, 1998) for several chemicals used to
validate the UDP (Lipnick et al., 1995a).  Of
the 35 chemicals used in the UDP validation
study (Lipnick et al., 1995a), nine chemicals
were also part of the RC (acetonitrile, p-
aminophenol, caffeine, coumarin, dimethyl-
formamide, mercury (II) chloride, nicotine,
phenylthiourea and resorcinol).  For four
chemicals, the LD50 values predicted by the RC
were almost exactly the same as those
determined with the UDP in vivo, (i.e., the
LD50 values determined in the UDP were on
the regression line of the RC) (see Figure 1 in
Spielmann et al., 1999).  For three chemicals,

http://www.oecd.org/ehs/test/health.htm
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the predicted LD50 values were within the
prediction interval of + log 5, and for two
chemicals (p-aminophenol and caffeine), the
predicted LD50 values differed from the in vivo
LD50 values by one order of magnitude
(Spielmann et al., 1999).  Thus, even in this
small set of data, the ‘basic rule’ derived from
the RC that about 75% of the LD50 values
predicted from cytotoxicity (see Section 2.2.2,
Table 2.1) are acceptable, was confirmed.  This
indicates that cytotoxicity assays could be
successfully used to determine starting doses,
and can reduce the number of animals for in
vivo studies, particularly the UDP.

To date, no computer simulations have been
performed to estimate the possible reduction in
animal numbers if the combined in vitro/in vivo
approach is applied to the UDP.  Thus, the
Workshop discussions were based on
computations taken from the ICCVAM
background document for the peer review of a
recent revision of the UDP (ICCVAM, 2000)

which are shown in a slightly improved way in
Figure 2.4a and Figure 2.4b.  Figure 2.4a applies
to the stopping rule defined in the adopted TG
425 (OECD, 1998b), and Figure 2.4b shows the
effect when the likelihood-ratio (LR) stopping-
rule (current draft OECD TG 425) applies.

Since the LR rule is only one out of three
stopping rules that should be applied in an
adaptive way, additional computation will be
needed to assess the influence of the starting
dose on animal usage.  The upper curves of both
figures depict the numbers of animals used if the
starting dose is two logs from the true LD50
(1/100 LD50) while the lower curves show the
number of animals used if the true LD50 is used
as a starting dose.  The percentage of animals
saved when the starting dose equals the true
LD50 value is about 30% in Figure 2.4a, and
independent of the dose mortality slope;
whereas in the case of the LR stopping rule
(Figure 2.4b), 25 to 40% fewer animals may be
used, depending on the slope.
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Figure 2.4a.Number of animals needed in relation to the starting dose for UDP adopted TG 425 (OECD
1998b) for LD50 = 1,500 mg/kg b.w.
The figure shows the number of animals needed if the LD50 is used as starting dose (lower curve), or
if 1/100 of the LD50 is used as starting dose (upper curve).  For details on the stopping rule applied
see text.
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Figure 2.4b. Number of animals needed in relation to the starting dose for UDP draft TG 425 (OECD, 2000)
for LD50 = 1,500 mg/kg b.w.
Figure shows the number of animals needed if the LD50 is used as starting dose (lower curve), or, if
1/100 of the LD50 is used as starting dose (upper curve) if the LR stopping rule singularly applies.
For details see text.

2.2.5 Prediction of a Limit Test Value from
Basal Cytotoxicity Data

According to a personal communication (Ingrid
Gerner, BgVV) published by Spielmann et al.
(1999), the notification process of new
chemicals in the EU since 1982 revealed an
unbalanced frequency distribution of the
toxicity of industrial chemicals.  No chemicals
were classified  “very toxic” (LD50 < 25
mg/kg).  Only 3% of the chemicals were
classified  “toxic” (LD50 > 25-200 mg/kg),
while 21% were classified “harmful” (LD50
>200-2000 mg/kg), and the vast majority
(76%) remained unclassified (LD50 > 2000
mg/kg).   In other words, in the world of new
industrial chemicals a clear majority are
candidates for performing a ‘limit test’ where
only the defined highest dose (2000 mg/kg most

often, and occasionally 5000 mg/kg) is applied
and no or marginal mortality occurs.  Limit
tests are defined in all OECD guidelines for
acute oral toxicity testing (TG 401, TG 420,
TG 423, and TG 425).

It must be emphasized that, if the limit dose
defined in these guidelines is applied to all
chemicals without knowledge of their toxicity,
it would be correct for 76% of the chemicals,
while 24% of the chemicals would cause
avoidable deaths.  It is therefore recommended
to perform a limit test only if the prediction
from a preceding basal cytotoxicity test suggests
an LD50 value larger than the defined limit test
dose.  Special notice should be given to the fact
that the precision of the prediction of low
systemic toxicity from cytotoxicity data is
much better than the precision of high systemic
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toxicity.  This is empirically supported by data
from the RC (Halle, 1998) shown in Figure 2.1.
The main factors affecting a strict log-linear
relationship between basal cytotoxicity and
systemic toxicity, bioavailability, and in some
cases, biotransformation, play a minor role if a
chemical is of low basal cytotoxicity.

2.2.6 Evaluation of a Cytotoxicity Test
Intended to be Used for Prediction of a
Starting Dose

This section describes how basal cytotoxicity
data can be used to predict a starting dose for an
in vivo lethality assay.  Theoretically, any in
vitro test that is capable of determining basal
cytotoxicity could be used for determining the
best estimate of a starting dose for acute testing
in the UDP and ATC method.  In addition, if
the LD50 value predicted from cytotoxicity is
high (≥ 2000 mg/kg b.w.), any of the currently
used in vivo test protocols, including the FDP
(OECD, 1992), would allow for performing an
in vivo limit test without a proceeding sighting
study.

In order to apply predictions of LD50 values
obtained with experimental cytotoxicity data in
the proposed tiered testing strategy as starting
doses for the ATC or UDP methods, Spielmann
et al. (1999) suggested a procedure shown in
Figure 2.5.  The authors suggested selecting 10-
20 reference chemicals from the RC (Halle,
1998) and testing them in a standardized
cytotoxicity test (Figure 2.5, Step 1).  A
promising candidate would be the BALB/c 3T3
NRU test that has proved robust in several
validation studies.  To allow comparison of the
regression obtained with the in-house test
(Figure 2.5, Step 2), reference chemicals should

be selected to cover the entire range of
cytotoxicity and to be as close as possible to the
RC regression line.  

Next, the in-house regression equation should be
calculated by linear regression (least square
method) using the new in-house IC50 values for
the reference chemicals and the corresponding
LD50 values from the RC.  The resulting
regression is then compared with the RC
regression (Figure 2.5, Step 3).  If the regression
function obtained with the in-house
cytotoxicity test is parallel to the RC regression
and within the defined prediction interval, then
the test is regarded suitable to be used without
modification in applying the RC regression for
future predictions of starting doses (Figure 2.5,
Step 4).  If the in-house regression shows a
significantly higher or lower slope, then it may
be possible to adjust the in-house test to a
higher or lower sensitivity.  However, it is likely
that a more efficient approach would be to use a
cell line and protocol, which have produced
results that closely reproduce the RC data
(recommended in the Guidance Document,
ICCVAM, 2001).

The procedure of evaluating the usability of an
in-house cytotoxicity test is explained in full
detail in a special Guidance Document from this
Workshop (ICCVAM, 2001), in which a set of
11 well-selected reference chemicals from the
RC is recommended, and new experimental data
obtained by testing the chemicals are presented.
The data confirm that an in-house NRU
cytotoxicity test, performed either with normal
human keratinocytes (NHK) or with BALB/c
3T3 mouse cells, produces a regression line
which matched the RC regression line (R2> 0.9).
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Step 1:  Cytotoxicity test

Test 10 - 20 reference chemicals  (low - high cytotoxicity) taken
from the RC, e.g. in the 3T3-Neutral Red Uptake test

Step 2:         Linear regression analysis

Use your IC50 values and RC LD50 values to calculate regression
log (LD50) = a x log (IC50) +b

Step 3:          Comparison of regressions

Compare resulting regression with RC regression
log (LD50) = 0.435 x log (IC 50) + 0.625

Is regression parallel and within F G range ?

Step 4:           Use test for prediction of starting dose
          for UDP or ATC

YES

NO:
tune test sensitivity

better:
use recommended
cells and protocol

Figure 2.5. Procedure for evaluating a cytotoxicity test for tiered in vitro/in vivo testing for acute oral toxicity
testing (slightly modified version of the scheme presented by Spielmann and colleagues).
Note: based on the expectation that many valid cytotoxicity tests would match with the RC
regression, Spielmann et al. (1999) defined only the “yes” option between steps 3 and 4.  A “no”
option has been added here for clarity.

2.2.7 Multicenter Evaluation of In Vitro
Cytotoxicity (MEIC Approach)

The MEIC program was established by the
Scandinavian Society for Cell Toxicology in
1989.  The intention of the program was to
investigate the relevance of in vitro test results
for predicting the acute toxic action of
chemicals in humans directly rather than in
rodents.  Batteries of existing in vitro tests that
have the potential to serve as replacements for
acute toxicity tests were identified.  The
program was designed as an open study with all
interested laboratories worldwide invited to
participate and test 50 preselected reference
chemicals in their particular in vitro toxicity
assays (Bondesson et al., 1989).  Minimal

methodological directives were provided in
order to maximize protocol diversity among the
laboratories.  Eventually, some 96 laboratories
participated in this voluntary undertaking.

The 50 reference chemicals were selected to
represent different classes of chemicals, with
the availability of good data on acute toxicity
(lethal blood [or serum] concentrations [LC] in
humans; oral LD50 values in rats and mice)
being a key determinant.  Since the LC data
available from clinical toxicology handbooks
are average values with a wide variation, they
were found to be sub-optimal for comparative
purposes.  Therefore, during 1995-97, the
MEIC management team collected case reports
from human poisonings with the reference
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chemicals to provide LC data with known times
between ingestion and sampling/death.  The aim
was to compile enough case reports to be able to
construct time-related LC curves for
comparison with the IC50 values for different
incubation times in vitro.  The results were
presented and analyzed in a series of 50 MEIC
Monographs (referred to as the MEMO
subproject by the organizers).

When the MEIC project finished in 1996, all 50
reference chemicals had been tested in 61
different in vitro  assays.  Twenty of these assays
used human-derived cells, 18 of which were cell
lines and two were primary cell cultures.  In 21
of the assays, the cells were of animal origin (12
cell lines and 9 primary cell cultures).  Eighteen
of the assays were ecotoxicological tests, and
two were cell-free test systems.  The majority
of the assays were based on measurement of
effects on cell viability or cell growth (or a
combination of the two).

The test results submitted to MEIC were
analyzed statistically using analysis of variance
(ANOVA), principal component analysis
(PCA), and partial least square analysis (PLS)
techniques.  The analyses conducted were based
on in vitro cytotoxicity data presented as IC50
values.  The predictability of in vivo acute
toxicity from the in vitro  IC50 data was assessed
against human lethal blood concentrations
compiled from three different data sets:
clinically measured acute lethal serum
concentrations, acute lethal blood
concentrations measured post-mortem, and
peak lethal concentrations derived from
approximate LC50 curves over time after
exposure (Ekwall et al., 1998a).  

Statistical analysis of results from the 61 assays
using the PLS model predicted the three sets of
lethal blood concentrations well (R2 = 0.77,
0.76 and 0.83, Q2 = 0.74, 0.72, and 0.81,
respectively, where R2 is the determination
coefficient and Q2 is the predicted variance
according to cross-validation in the PLS model
used) (Ekwall et al., 2000).  A two-component
PLS model of the prediction of lethal doses in
humans from published oral rodent LD50 values
for the 50 MEIC compounds was less effective
(R2 = 0.65, Q2 = 0.64) (Ekwall et al., 1998a;
Ekwall et al., 2000).

The analysis showed that in vitro assays that
were among the most predictive generally used
human cell lines (6 of the 18 assays using them
gave the highest determination coefficients, vs.
1 of 12 rat cell line assays that performed
comparably).  Two of 9 non-human primary
cell assays analyzed also performed well.  Assays
that did not perform well were primarily
ecotoxicological assays using bacteria or plant
cells and, in general, assays with very short
exposure times (up to a few hours).  Two human
primary cell assays, both of which utilized PMN
leukocytes and involved 3-hour exposure times,
also performed relatively poorly.  These results
led the authors to note that human-derived cells
appeared to be the most predictive for human
acute toxicity.  

The exposure time for the in vitro assays was
most often 24 hours, but ranged from 5 minutes
to 6 weeks.  For 22 of the 50 reference
chemicals, the toxicity in vitro increased with
increasing exposure time.  However, high
predictivity was generally observed in vertebrate
cell assays with 24 to 168 hours exposure. The
actual endpoint measurements (cell viability
assays) used with the in vitro tests were not
crucial.  Typically, different endpoint
measurements gave approximately the same
result, suggesting that basal (general)
cytotoxicity can be assessed using many
mammalian cell lines and almost any
growth/viability endpoint.

To select an optimal battery for predicting
acute toxicity in humans, the MEIC
management team further evaluated various
combinations of assays using PLS models and 38
chemicals deemed to have the most reliable and
relevant lethal peak concentration data (see
Ekwall et al., 2000, for the detailed procedure).
From their analysis, the most predictive and
cost-effective test battery consisted of four
endpoints/two exposure times (protein
content/24 hours; ATP content/24 hours;
inhibition of elongation of cells/24 hours; pH
change/7 days) in three human cell line tests.
The test battery (designated 1,5,9/16) was found
to be highly predictive of the peak human lethal
blood concentrations of all 50 chemicals (R2 =
0.79, Q2 = 0.76) when incorporated into an
algorithm developed by the team.  The R2 value
was further improved to 0.83 when information
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on BBB penetration was added to the battery
results.  

It was noted that passage across the BBB can be
predicted from the chemical formula and/or
physico-chemical properties, or from in vitro
tests in appropriate model systems; however
those methods were not used in the MEIC
analysis.  The MEIC team proposed that the
cell battery they identified could be used
immediately for many non-regulatory purposes
in a multistep testing strategy and urged its
formal validation (and/or that of other
promising cell assays also identified in the
MEIC program) as soon as possible (Ekwall et
al., 2000).  Test protocols for evaluating the
proposed assays in a validation exercise remain
to be developed and optimized.

In summarizing, the MEIC team concluded that
their study yielded a limited battery of in vitro
assays using human cell lines that showed very
good performance and were cost effective for
predicting acute lethality in humans (Ekwall et
al., 2000).  However, to further improve the
predictive capability of this proposed battery,
and to take into account non-basal cytotoxicity
factors as a full replacement for acute animal
tests, further, targeted development of in vitro
methods for other particular endpoints is
needed.  An evaluation-guided development of
new in vitro tests (EDIT) has been proposed to
address these requirements (Ekwall et al., 1999),
which includes, as most urgently needed, in vitro
assays for:

• Assessing passage through the BBB;
• Predicting gut absorption;
• Distribution volume;
• Biotransformation.  

The results of the MEIC program have
appeared in a series of publications in the open
literature (Clemedson et al., 1996a; Clemedson
et al., 1996b; Clemedson et al., 1998a;
Clemedson et al., 1998b; Ekwall et al., 1998a;
Ekwall et al., 1998b; Ekwall et al., 1999;
Clemedson et al., 2000; Ekwall et al., 2000).
Additional information about MEIC, MEMO
and EDIT, as well as the MEMO database, can
be found at the following Internet address:

http://www.cctoxconsulting.a.se/nica.htm

2.3 Identifying Needs

In the area of human health effects, the overall
aim is to reliably and accurately predict the
potential for human acute toxicity.  The
Breakout Group noted that there is extensive
documentation showing that human outcomes
from chemical exposure are not predicted well
by studies in rodent species (see, e.g., Ekwall et
al. [2000] and the recent survey by Olson et al.
[2000] on target organ toxicity).
Consequently, it was agreed that the long-term
goal (the ideal approach) should be the use a
battery of in vitro tests employing human
(rather than rodent or other animal) cells and
tissues to provide data which when combined
with information derived from other sources
(e.g., on key physico-chemical parameters,
kinetics, and dynamics) could more accurately
predict human acute toxic effects including
lethality.  However, in the near term, the
Breakout Group considered it appropriate and
more pragmatic to concentrate on ways to
reduce and replace animal use in acute oral
toxicity tests as detailed in OECD TG401,
TG420, TG423, and TG425.

The Breakout Group was fully aware that rather
more information than just an (approximate)
LD50 value can be obtained and used from a
properly conducted rodent acute toxicity test
(such as clinical signs, dose-response
relationships, possible target organs, etc.);
however, it received reassurance from the U.S.
regulatory agencies represented at the
Workshop that if there was a validated in vitro
cytotoxicity test which could accurately predict
the approximate rodent LD50 value in vivo,
then its implementation would result in a
significant reduction in animal use.  Thus, the
primary focus of Breakout Group 1 was to
identify and evaluate candidate in vitro
cytotoxicity tests that could possibly serve as
reduction and replacement alternatives for
current rodent acute oral toxicity tests for
determining LD50 values.

2.3.1 Near-term (< 2 years) Goals and
Potentially Attainable Objectives

The Breakout Group participants started from
the premise that it is biologically plausible that

http://www.cctoxconsulting.a.se/nica.htm
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cell death (cytotoxicity) in vitro could be used
to predict acute lethality.  The many studies
that show relatively good correlations between
in vitro IC50 values and in vivo LD50 data
support this view (e.g., Phillips et al., 1990;
Garle et al., 1994).  Thus, the near-term focus
should be on conducting studies aimed at
reducing and replacing animal use for
determining LD50 values of chemical
substances.  

The Breakout Group agreed that standardized in
vitro test protocols were available but probably
not optimized, and that prediction models were
needed for predicting acute oral LD50 values.
Consequently, a prevalidation study, which
would include several promising candidate in
vitro cytotoxicity tests, would have to be
undertaken in order to determine which tests
should go forward to the validation stage.
Partly because of this, the development of a
practical replacement test will take time.  As a
parallel activity, the ZEBET method for
generating cytotoxicity data to help establish
the starting dose for in vivo testing of new
chemical substances (Spielmann et al., 1999)
should be seriously considered as an interim
measure to potentially reduce the numbers of
animals used in the in vivo tests.

2.3.2 In Vitro Endpoints for Assessing In Vivo
Acute Toxicity

There is considerable literature covering a large
variety of endpoints and endpoint
measurements that have been evaluated for in
vitro cytotoxicity testing (e.g., Phillips et al.,
1990; Balls and Fentem, 1992; Garle et al.,
1994; Itagaki et al., 1998a; 1998b; Ohno et al.,
1998a; 1998b; 1998c; Tanaka et al., 1998;
Clemedson and Ekwall, 1999; Ekwall, 1999).
Some of these citations were provided to the
Breakout Group members for reference, but
time did not allow a systematic assessment of
the literature on this topic.  It was noted
nevertheless that, in practice, basal function
endpoints (such as NRU or MTT reduction
and/or inhibition of cell proliferation), even
though they may measure different cellular
functions, have been commonly used with a
reasonable degree of success; where cell lines are
concerned, the endpoints typically assess a
combination of both cell death and cell
growth/proliferation.  Since the events are based

on cellular events that have circumstantial if
not direct relevance to cellular responses to
chemicals in vivo, model cell systems
incorporating these “nonspecific” endpoints
may satisfy requirements for fidelity and
discrimination for alternative methods that
have been set forth earlier (Blaauboer et al.,
1998).  The need for cell-specific or functional
endpoints in acute toxicity assays was
considered to be on a case-by-case basis and
more relevant to studying target organ-specific
toxicities (Breakout Group 3’s charge).

2.3.3 Other Issues for Selecting Protocols

The key components of the protocols for in
vitro cytotoxicity tests were considered to be
the appropriate choice of: (a) cell type (human
or animal, cell line or primary cultures) and its
characteristics (stability, origin,
characterization, availability); (b) exposure
period(s) – (i.e., duration cells are exposed to
the test chemical); and (c) endpoint
measurement(s) – (i.e., cell viability assays such
as NRU, lactate dehydrogenase [LDH] leakage,
ATP content) (Borenfreund and Puerner, 1986;
Riddell et al., 1986; Phillips et al., 1990; Balls
and Fentem, 1992; Garle et al., 1994; Ekwall,
1999; Ohno et al., 1998a; Ekwall, 1999; Ekwall
et al., 2000).  In addition, the inclusion of a
prediction model, evidence of repeatability, and
facility of transfer between laboratories are
important considerations (Balls et al., 1995;
Bruner et al., 1996; Archer et al., 1997;
ICCVAM, 1997).  Ease of automation/high
throughput where applicable should offer
attractive additional cost benefits but is not a
requirement for validation purposes.

2.3.4 QSAR Models for Predicting Acute
Toxicity

The Breakout Group was requested to assess the
role of QSAR, or related models such as
structure-activity relationships (SAR) in
predicting acute toxicity.  While SAR methods
involve qualitative assessment of chemical
features that confer biological properties, QSAR
approaches develop a quantitative relationship
between physico-chemical or structural
properties and biological activity (Albert, 1985;
Barratt et al., 1995).  QSAR models are usually
developed for sets of chemically similar
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compounds on the assumption that they will
have the same mechanism of action.  Any
compounds that do not act by the same
mechanism are likely to fit the correlation
poorly, and thus their effects would not be
predicted accurately.  Although defining
chemical classes or commonality of
mechanisms of action are not trivial due to the
multidimensional nature of both characteristics,
a review of QSAR studies for predicting LD50
values concluded that QSAR methods have
shown some success in relating LD50 values to
certain physico-chemical properties of a
compound, especially lipophilicity (Phillips et
al., 1990).  

In contrast, QSAR approaches appear to be less
successful in correlating electronic properties of
molecules (related to reactivity), or structural
variables, with LD50 values, and their use with
certain important chemical classes, (e.g.,
pesticides), is problematic.  However, the
Breakout Group felt that it lacked sufficient
expertise in the field to evaluate the potential
of QSAR as a replacement test for lethality and
suggested that the topic be reviewed more
thoroughly by a more appropriate scientific
body.  The review should include coverage of
commercially available models (e.g., TOPKAT,
CASE).

The Breakout Group did recognize that these
methods might play key roles as adjuncts to
improve LD50 predictions and to reduce animal
usage.  As noted by others (e.g., Barratt et al.,
1998; Lipnick et al., 1995b), QSAR can aid in a
number of areas, including the selection of test
chemicals for validation studies, the
interpretation of outliers, and the grouping of
chemicals by structure and biological
mechanisms.  In addition, looking to future
requirements to improve the predictive
capability of in vitro cytotoxicity data for in
vivo LD50 values, the Breakout Group agrees
with Breakout Group 2 in recommending a more
thorough evaluation of QSARs for predicting
gut absorption and passage across the BBB.
These applications were discussed at length by
Breakout Group 2.

The Breakout Group noted that, in principle,
expert systems, neural networks, and classical
structure-activity approaches might be
developed and validated for predicting specific

systemic effects (Barratt, 2000; Dearden et al.,
1997; Phillips et al., 1990).  Requirements for
the successful development and use of QSAR
methods have been identified and include the
following:

• A well-defined mechanism of action for
the compound(s) used to derive the
QSAR model;

• Use of congeneric, pure compounds and
not mixtures;

• A common site of action for the
biological effect;

• For comparative purposes, expressing
concentrations or doses in molar (not
weight) units;

• Validation of each model by
investigating its predictive capability
using a different set of compounds from
its learning (i.e., training) set;

• Use of the same ranges of parameter
space as the original test chemicals; and

• The QSAR should not be applied outside
of its domain of validity (Phillips et al.,
1990; Barratt et al., 1995; Worth et al.,
1998).  

The limitations or general applicability of each
model for different chemical classes will need to
be established.  The application of QSAR
procedures for identifying potential systemic
effects was considered by Breakout Group 2.

2.4 Current Status

Many investigations of the relationship between
in vitro cytotoxicity and acute toxicity in vivo
have been reported.  It was not possible to
critically review and discuss all of the literature
during the course of the Workshop, so the
Workshop organizers made a selection of recent
key activities and reports for consideration by
Breakout Group 1.  The Breakout Group made
note of the fact that many of these recent
initiatives build upon the conclusions of studies
conducted, in particular, during the 1980s (e.g.,
Balls et al., 1992; Balls and Clothier, 1992;
Balls and Fentem, 1992; Borenfreund and
Puerner, 1986; Clothier et al., 1987; Dierickx,
1989; Ekwall, 1983; Ekwall et al., 2000;
Fentem et al., 1993; Fry et al., 1988; Fry et al.,
1990; Garle et al., 1987; Garle et al., 1994;
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Gülden et al., 1994; Guzzie, 1994; Halle and
Spielmann, 1992; Hopkinson et al., 1993;
Hulme et al., 1987; Ohno et al., 1998a; Phillips
et al., 1990; Riddell et al., 1986; Seibert et al.,
1996; Spielmann et al., 1999; Wakuri et al.,
1993; Zanetti et al., 1992).  

The studies and approaches considered were:

• Studies conducted by FRAME and
partners (e.g., Balls et al., 1992; Fry et
al., 1990; Hulme et al., 1987; Riddell et
al., 1986);

• The MEIC scheme (e.g., Clemedson and
Ekwall, 1999; Ekwall et al., 2000);

• Japanese Society of Alternatives to
Animal Experiments (JSAAE) activities
(e.g., Ohno et al., 1998a);

• The ZEBET approach for predicting in
vivo starting doses (Halle et al., 2000;
Halle and Goeres, 1988; Spielmann et
al., 1999);

• Testing strategy outlined in ECVAM
Workshop Report 16 (Seibert et al.,
1996);

• Testing framework proposed under the
auspices of SGOMSEC (Curren et al.,
1998);

• TestSmart acute systemic toxicity
initiative to determine whether cellular
changes can predict acute system failure
in vivo (A. Goldberg, personal
communication).

The MEIC and ZEBET approaches were
presented to the Breakout Group as specific
proposals for adoption as alternative
methodologies by regulatory authorities, and
therefore received the most attention.

2.4.1 In Vitro Methods for Estimating Acute
In Vivo Toxicity

There are more than 80 variations of in vitro
basal cytotoxicity tests, employing a variety of
cell lines (e.g., HeLa, HL-60, BALB/c 3T3,
Chang cells) and endpoint measurements (e.g.,
MTT reduction, NRU, ATP content, LDH
leakage).  From the results of the MEIC and
ZEBET programs it appears that basal
cytotoxicity can be determined using almost
any cell line and almost any toxicity endpoint

measurement that correlates well with cell death
and/or growth inhibition.  Standard protocols
are available for some of these methods (e.g.,
via the INVITTOX database run by ECVAM,
from the JSAAE validation study, and by slight
modification of test protocols used for other
purposes such as phototoxicity or eye irritation
testing), but these have not necessarily been
optimized for predicting rodent oral LD50
values.  

Typically, prediction models have not been
explicitly defined, although they are usually
based on the IC50 value derived in the in vitro
cytotoxicity assay.  Some of these initiatives
made note of that and tried to define useful
testing strategies that incorporated in vitro
assays.  An example was the ECVAM
Workshop report, which to some extent was
based on work from the University of Kiel,
recognizing the importance of including
biokinetic parameters alongside in vitro
cytotoxicity data to improve the predictions
(Seibert et al., 1996).

2.4.2 Strengths and Limitations of Available
In Vitro Cytotoxicity Assays

Sufficient information was presented to the
Breakout Group for evaluating the merits of the
MEIC and ZEBET proposals and the JSAAE
study in that the information could be adapted
and utilized for evaluating assays designed to
predict acute lethality.

The MEIC proposal was that a battery of three
human cell-based tests (HepG2, protein content,
24 hr exposure; HL-60, ATP content, 24-hr
exposure; Chang liver cell morphology, 24 and
168-hr exposure) could be used to predict
human lethal blood concentrations and be a
surrogate for the LD50 test (Ekwall et al.,
2000).  Although the MEIC program was not
set up as a validation study and assessing
reproducibility was not an objective, the
Breakout Group agreed with the following MEIC
conclusions:  

(1) There is a strong correlation between
concentrations of chemicals causing
cytotoxicity in vitro and human lethal
serum concentrations.

(2) Metabolism may not play a role in vivo
as frequently as thought.
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(3) Specificity of action requiring many
types of differentiated cells is not as
significant a problem as may initially
have been envisaged.

(4) Some simple corrections of the data,
such as for BBB passage, improve the
correlations observed.

The key strengths of the MEIC approach are
the comparison of acute cytotoxicity data with
human exposure data and the database on
human lethal concentrations, kinetic profiles,
etc., which has been generated and is available as
MEMO monographs for others to evaluate and
use. The Breakout Group agreed that attempts
be made to extend this human database, and that
it should be subjected to independent peer
review.  The outcome of the MEIC program in
general was considered to provide strong
support for the concept of basal cytotoxicity
first proposed by Ekwall in 1983.

Several issues were raised concerning the MEIC
proposal and the use of such an approach as an
alternative to animal tests.  Various limitations
of the approach were cited, including the
following:  

(1) Because the program was not intended
to be a validation study, it was not
conducted under controlled conditions.

(2) Replicate assays were generally not
performed, hence there is limited
information on intra-laboratory assay
repeatability and inter-laboratory
reproducibility.  Nevertheless, there is a
large body of evidence from other
validation studies that in vitro
cytotoxicity assays are highly
reproducible and relatively easy to
transfer between laboratories.

(3) The chemicals tested in the different
laboratories were probably from
different batches and sources (allowed by
MEIC for practical purposes, and
because the human case exposures likely
involved different materials and sources
also).

(4) Statistical analyses were often
performed on groups of tests rather
than on individual assays.

(5) In many of the assays, not all 50
chemicals were tested.  This impacts on

the conclusions being made on the basis
of correlation coefficients;

(6) There is a tendency for the data to be
over-interpreted and some of the
conclusions have been over-stated in the
publications.

(7) Prediction models were not defined for
any of the in vitro  assays.  This would be
a pre-requisite for a validation study.

There were also specific confounding factors in
relation to the 1, 9, 5/16 battery proposed by
Ekwall and colleagues (Ekwall et al., 2000).
The assay battery was selected using data from
38 of the 50 MEIC chemicals, and the
predictivity for all 50 chemicals reassessed by
PLS analysis.  The values obtained were:
R2=0.84, 38 chemicals; R2=0.77, 50 chemicals;
R2=0.88, 38 chemicals + BBB correction;
R2=0.83, 50 chemicals + BBB correction.
However, it was noted that: (a) results for test 1
were reported for only 45 chemicals, and 3 of
the missing 5 results were for chemicals included
in the first set of 38, thus n=35 and n=45; in
addition, three other in vitro tests employing
HepG2 cells and a 24-hr exposure time were
evaluated in the MEIC program, and the data
vary considerably, particularly for some of the
reference chemicals; (b) results for test 9 were
reported for only 46 chemicals, and all 4 of the
missing results are for chemicals included in the
first set of 38, thus n=34 and n=46; and (c) tests
5/16 used Chang liver cells, which are known to
possess several HeLa markers.  In addition, only
single data points for each combination of in
vitro test and chemical have been reported,
meaning that there is no way to evaluate the
variability in the assay results which would
necessarily impact upon the robustness of the
conclusions drawn by the MEIC management
team.

A major strength of the ZEBET RC approach is
the extensive database underpinning the
strategy proposed (Spielmann et al., 1999).
The database includes IC50 values derived from
numerous in vitro cytotoxicity tests on more
than 300 chemicals.  The actual data are used in
a very defined way in trying to predict starting
doses for in vivo testing, and the simplicity of
the concept, flexibility in choice of potentially
useful cell systems, and ease of validating and
applying the cell systems in practice are
attractive features of the approach.



In Vitro Screening Methods for Assessing Acute Toxicity

26

One disadvantage of the ZEBET approach at
the present time is the lack of information on
the variability in both the in vitro and in vivo
data.  In addition, the use of LD50 values from
RTECS is perhaps a problem because of this.
The Breakout Group suggested that several
follow-up actions be undertaken immediately
after the Workshop to update and improve the
understanding of the applicability of this
approach:  (a) the examples shown for using in
vitro cytotoxicity data to identify the starting
dose for the ATC or UDP in vivo study should
be updated to bring them in line with the new
draft guidelines, which have now been modified
to incorporate the OECD harmonized hazard
classification system (OECD, 1998a); and (b)
additional simulation modeling should be
undertaken to demonstrate the actual reduction
in animal use which is expected to be achieved
by implementing the approach, and real-life
worked examples should be provided to serve as
guidance for those adopting and evaluating the
approach in the future (See Section 2.6).

2.4.3 Validation Status of Available In Vitro
Screening Methods

The Breakout Group considered the validation
status of the in vitro cytotoxicity assays
evaluated in the MEIC program, and those used
to generate the data included in the RC, relative
to the ICCVAM Validation Criteria (ICCVAM,
1997) and the ICCVAM Evaluation Guidelines
(ICCVAM, 1999; Section 11, Appendix E).  It
was concluded that no single in vitro
cytotoxicity test, or test battery, has yet been
formally validated for the specific purpose of
replacing the rodent LD50 test.  Upon
completion of the MEIC study, Ekwall
suggested that the battery of three tests
proposed should now undergo formal validation
(Ekwall et al., 2000).  Typically, data on the
intra- and inter-laboratory reproducibility of the
in vitro  assays, generated in a structured manner,
are lacking, and further work is still needed to
fully evaluate the predictive ability of in vitro
cytotoxicity tests for acute toxicity in vivo.

Since several in vitro cytotoxicity assays have
been included in formal validation studies on eye
irritation and phototoxicity (e.g., various test
protocols using BALB/c 3T3 mouse fibroblasts
or keratinocytes and NRU as the endpoint

measurement [Balls et al., 1995b; Brantom et
al., 1997; Spielmann et al., 1996; Spielmann et
al., 1998]), objective data on the intra-
laboratory and inter-laboratory reproducibility
of these tests are available for test materials
which were coded and tested in at least three
laboratories.  The Breakout Group proposed
that a Working Group be established to evaluate
this information and to undertake a paper
exercise to determine the capability of these
particular in vitro cytotoxicity tests for
predicting rodent LD50 values rather than
Draize rabbit eye irritation scores.  It was
envisaged that LD50 data would be available for
most of the chemicals tested in the EC/HO and
BgVV eye irritation validation studies.

A validation study on five in vitro cytotoxicity
tests (endpoint measurements: colony
formation, crystal violet staining, LDH release,
MTT, and NRU) has been conducted under the
auspices of the JSAAE (Ohno et al., 1998a).
Six chemicals (Tween 20, Tween 80, sucrose
fatty acid ester, propylene glycol,
cetylpyridinium chloride, and sodium lauryl
sulfate) were tested.  The LDH release endpoint
measurement was not reproducible, and the
crystal violet staining assay was deemed to be
the most reliable of the in vitro cytotoxicity
tests evaluated (Ohno et al., 1998a). The
colony formation assay in HeLa S3 (SC) and
BALB/c 3T3 A31-1-1 cell lines was reported to
be the most sensitive, but also showed the
largest variation (Tanaka et al., 1998).

Disadvantages of the colony formation assay
are that it is time-consuming (7 to 13 days
culture time, depending on the cell line) and
cannot be conducted in 96-well plates and,
hence, cannot be readily automated. Although
the focus of the study was on comparisons with
Draize eye irritation scores and not acute
lethality in vivo, the study does provide another
source of objective information on the general
reproducibility and transferability of in vitro
cytotoxicity tests (Ohno et al., 1998a).  In that
sense, the Working Group should also examine
the data from this study for how well they
predict rodent LD50 values for the test
chemicals.

Based on consideration of the studies referred to
in previous sections, it was concluded that none
of the available in vitro methods or proposed
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testing strategies had been adequately evaluated
for implementation to reduce and/or replace
animal use for acute systemic toxicity testing.
However, it was suggested that the ZEBET
approach, using in vitro cytotoxicity data to
predict in vivo starting doses, should be
implemented relatively quickly once a guidance
document had been prepared (see Section 2.6).
The rapid adoption of the ZEBET approach
into general practice would enable data to be
generated in a relatively short time to fully
establish its usefulness and accuracy with a large
number of test chemicals.

2.4.4 Selection of the Most Appropriate Cell
Type

The selection of the most appropriate cell type
depends on the objective.  Thus, for the
prediction of rodent LD50 values in a
replacement test, one would conceptually favor
a rodent cell line; for the human situation,
human cell lines would be more appropriate.
Although the MEIC results tend to support this
view, the Breakout Group did not feel the data
were strong enough (for the reasons given
above) to come to a definitive conclusion on
this point.  Further evidence of this was
provided by an analysis of the ZEBET RC data
relative to IC50 data generated using a human
cell line evaluated in the MEIC program
(Clemedson et al., 1998a; Clemedson et al.,
1998b).  The correlation between the IC50x
(RC) and IC50m  (MEIC human cell line) values
for the 50 MEIC chemicals was extremely high
(R2=0.90; see Addendum to this report).
Consequently, where the objective is to reduce
animal numbers required for lethality tests, the
apparent difference is too small to rule out the
use of a human cell line if that cell line offers
other particular advantages or performs
acceptably for that purpose.

The current in vitro basal cytotoxicity tests do
not take into account metabolism-mediated
toxicity.  It is widely accepted that simple
predictive systems (in vitro or in silico) will
need to be developed for early identification of
those substances likely to be metabolized to
more toxic or less toxic species than the parent
chemical (e.g., Fentem et al., 1993; Seibert et
al., 1996; Curren et al., 1998; Ekwall et al.,
1999).  It should be noted that in Ekwall’s early

studies, approximately 20% of the chemicals
assayed in HeLa cell cultures did not fit the basal
cytotoxicity concept (Ekwall, 1983).  It is
expected from the existing literature that
“biotransformation screens" will provide
valuable data to supplement in vitro
cytotoxicity results for improving predictions
of LD50 values for a significant fraction of
those chemicals.  

2.5 Future Directions

The Breakout Group concentrated its efforts
mainly on short-term approaches to reduce and
replace animal use in acute oral toxicity tests,
leaving the discussion of longer-term research
needs and priorities to Breakout Groups 2
(biokinetics) and 3 (specific organ toxicity and
mechanisms).  However, it was agreed that the
long-term goal (i.e., the ideal approach) should
be to develop and use a battery of in vitro tests
employing human cells and tissues, and integrate
this information with that derived from other
sources (e.g., on key physico-chemical
parameters, kinetics, and dynamics) to predict
human acute toxicity, including systemic target
organ effects.

2.5.1 Most Promising In Vitro Methods for
Further Evaluation to Reduce and/or
Refine Animal Use for Acute Toxicity

The Breakout Group considered that, in the
absence of other information which enables the
dose to be set with confidence (e.g., acute
toxicity data on structurally related chemicals,
physico-chemical or other information), in
vitro cytotoxicity data generated using the
proposed ZEBET approach should be useful for
predicting starting doses for in vivo studies.  The
proponents presented supporting data indicating
that this approach would result in a further
reduction and refinement in animal use for acute
toxicity testing.  By judicious use of time and
resources, initial cytotoxicity assays need not
slow the overall developmental or evaluation
processes and in fact may actually expedite it
where several chemicals can be tested in vitro at
the same time.  

To use the approach, test laboratories should
evaluate and compare the performance of
several in vitro cytotoxicity tests with the
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existing RC data (Figure 2.1).  For example, a
protocol employing the BALB/c 3T3 mouse
fibroblast cell line, a 24-hour exposure time, and
NRU as the endpoint measurement is
appropriate, but other cell lines and cell
viability assays could serve the same purpose
equally well.  The main considerations are:

• The selection of cell type for assessing
general cytotoxicity (e.g., rodent
fibroblast cell line, human epithelial cell
line; monolayer or suspension [e.g.,
HL60 human acute leukemia cell line]
cultures);

• Exposure period (a minimum of 24
hours, but consideration of longer
exposures [e.g., 72 hours] as well, if
appropriate);

• Endpoint (cell viability/growth);
• Endpoint measurement (e.g., NRU,

MTT, ATP, protein).  

Since the choice of endpoint measurement does
not appear to be critical to the correlative
power of the tests (Garle et al., 1994; Ohno et
al., 1998a; Spielmann et al., 1999; Ekwall et al.,
2000), the simplest, cheapest, most
reproducible, with least interference by test
chemicals, and, especially where large numbers
of chemicals or materials are to be tested, most
easily automated endpoint measurements would
be the most practical option.

An in vitro cytotoxicity test could be
implemented in a tiered testing strategy (in the
context of predicting starting doses for a
subsequent in vivo test) in the short-term,
without needing to await the outcome of formal
validation activities (Section 2.5.2; see below).
The main prerequisite would be the production
of a guidance document, including details of test
protocols considered to be appropriate, and
worked examples illustrating the practical
application of the strategy.

2.5.2 Most Promising In Vitro Methods for
Further Evaluation to Replace In Vivo
Acute Toxicity Test Methods

The Breakout Group did not evaluate individual
test protocols or proposals as candidates for
replacement of in vivo acute toxicity tests and
therefore could not address this question

directly.  As noted earlier, in vitro tests do not
currently provide all the information that can
be obtained from an in vivo study.  However,
the accumulated results of many cytotoxicity
studies and the ZEBET/MEIC initiatives do
suggest that, in general, we may be able to
obtain reasonable estimates of LD50 values if
this parameter is the primary one required for
regulatory decisions.  Certainly by applying one
or more reasonably predictive assays of the
LD50 to test the considerable number of
chemicals on which such risk assessment data
are needed, (e.g., high production volume [HPV]
chemicals), it should be possible to make a truly
significant reduction in animal usage.

The Breakout Group agreed that a prevalidation
study should be initiated at the earliest possible
date to identify the most promising in vitro
cytotoxicity tests for further validation.  The
study should include a comparison of different
cell types (as a minimum, one rodent and one
human cell line), exposure periods, and endpoint
measurements.  Regarding exposure times to
evaluate, it was evident from the data available
that a minimum exposure of 24 hours should be
recommended  (Garle et al., 1994; Hopkinson et
al., 1993; Riddell et al., 1986), plus an
additional "expression" period during which the
previously treated cells are cultured in the
absence of test material.  There may be a need
to evaluate several exposure times, as the most
appropriate will depend on the cell type chosen,
the kinetics of the test chemical, and the
sensitivity of the endpoint measured (e.g., Ohno
et al., 1998a).  

The Breakout Group urged that a Working
Group be established to follow up on its
conclusions and recommendations at this
Workshop (Section 2.6), and specifically, to
define the details of the test protocols to be
included in any prevalidation study.  The
selection of basal cytotoxicity tests to be
included should be justified with reference to the
scientific literature.  It was also suggested that
the statistical analyses of the MEIC program
results be reviewed, so that the basis for the
selection of the test battery is fully transparent.

The Breakout Group anticipates that the
general performance of the assay or
combination/battery of cytotoxicity assays
determined from the validation study to be the
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best predictor of in vivo lethality can be
enhanced further by supplementation with other
information or data.  In this respect, immediate
research and development needs of particular
importance relate to identifying, standardizing,
and validating simple predictive systems for gut
absorption, BBB passage, kinetics, and
metabolism.  These are all important
parameters which have been identified as
improving the predictive ability of in vitro
cytotoxicity data for in vivo LD50 values
(Curren et al., 1998; Seibert et al., 1996; Ekwall
et al., 1999).  A new initiative on acute
systemic toxicity, being undertaken as part of
the TestSmart activities, has been established to
address the question "can one measure cellular
changes that will predict acute system failure?"
The successful development of this system
would complement basal cytotoxicity assays for
predicting acute toxicity in vivo (Goldberg,
personal communication).

In the longer-term, preferably undertaken as a
parallel activity, the focus should be on the
development and validation of human test
systems for predicting human acute toxicity,
integrating the approaches suggested by
Breakout Groups 2 and 3.  In this respect, there
are numerous mechanism-based endpoints that
need to be identified and evaluated in future
studies.

The Breakout Group recognizes the potential
impact genomics and proteomics technologies
may have in many areas of toxicology, but feels
these technologies could only lead to the
identification of new endpoints and screening
methods in the long-term, and that acute
toxicity testing is not currently an area of high
priority for the application of these new
technologies.  Investigations of changes in gene
expression (e.g., using microarrays) are better
targeted to more specific toxicological effects
rather than general responses such as acute
lethality.

2.5.3 Ways to Evaluate the Usefulness of In
Vitro Assays in an Overall Acute
Toxicity Testing Strategy

The evaluation of the usefulness of in vitro
cytotoxicity assays in the overall testing
strategy can be achieved in two ways, as

indicated above.  Firstly, a prospective
evaluation "in practice" (in this case by
implementing the use of an in vitro  cytotoxicity
test in the strategy proposed by ZEBET
[Spielmann et al., 1999]) can be made once the
necessary guidance document, including worked
examples, has been produced.  Once a sufficient
body of data has been collected, the in vitro
cytotoxicity tests can be evaluated
retrospectively to determine the validity and
practical usefulness of the strategy and to assess
whether the predicted starting dose for an in
vivo study is accurate for a sufficiently large
enough percentage of test chemicals to continue
its use.

Secondly, a formal validation activity (of which
prevalidation would be an initial step; Curren et
al., 1995; ICCVAM, 1997) could be conducted
in which the test protocols and prediction
models are evaluated independently in a multi-
laboratory study involving testing of coded
chemicals for the reproducibility of their
responses, within and among laboratories, and
the ability to predict rodent LD50 values (Balls
et al., 1995a; ICCVAM, 1997).

2.6 Summary

2.6.1 Conclusions

The Breakout Group agreed that its primary
objective was to identify and evaluate candidate
in vitro cytotoxicity tests that could possibly
serve as reduction and replacement alternatives
for rodent acute oral toxicity tests for
determining LD50 values.  Despite the
considerable research efforts by a large number
of laboratories from different sectors, no
standardized in vitro cytotoxicity assays, with
optimized protocols and prediction models for
the determination of LD50 values, have yet
been validated.  It appears from the number of
studies showing positive correlations between
cytotoxicity results in vitro and acute toxic
effects in vivo that the application of such in
vitro methods does have the potential to reduce
and refine, and, if properly developed,
ultimately replace the use of laboratory animals
in acute lethality tests.  

A strategy was devised by the Breakout Group
that was considered to offer realistic short-term
and long-term solutions to address the need for
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prevalidation and validation of in vitro
cytotoxicity tests (Figure 2.6).  In the short-
term, the Breakout Group concluded that the
ZEBET approach (Section 2.2.1) had the
potential to produce modest reductions in
animal use in the ATC and UDP (OECD TG
423 and TG 425) in vivo tests (and in the FDP
[OECD TG 420] to obviate the need for any
initial sighting study).  Thus, it is suggested that
an in vitro cytotoxicity test be used in a tiered
testing scheme as proposed by Spielmann et al,
(1999).

The Breakout Group concluded that a guidance
document with test protocol details, supporting
information, and worked examples should be
produced and disseminated as quickly as possible.
The testing strategy should be implemented as
soon as this guidance was available, without the
need for a validation study.  This conclusion is
based on the Breakout Group’s awareness of the
large database on in vitro cytotoxicity and its
demonstrated correlative power with rat acute
oral LD50 values, particularly the MEIC and RC
approaches.  The validity of the in vitro
cytotoxicity data in establishing appropriate
starting doses for in vivo studies (and hence its
direct predictive capability for the LD50)
should be assessed retrospectively by evaluating
the data generated on a sufficiently large
number of substances according to pre-defined
criteria for judging the acceptability of the
approach.  The implementation of such a
testing strategy was considered to be relatively
inexpensive and simple, and would not
compromise the actual outcome of the in vivo
test.

In vitro assays to replace animal tests for acute
lethality will require more time to implement.
The information and time available to the
Breakout Group was inadequate to recommend
specific cytotoxicity assays for prevalidation
and validation, although the major
considerations and suggestions for possible
assays (e.g., a BALB/c 3T3 mouse fibroblast
NRU assay) have been documented (Section
2.5.1).  An additional Working Group will need
to be convened for this purpose at the earliest
possible date to maintain momentum and to
make progress in the near term.

The scheme conceptualizing the Breakout
Group's conclusions as to how cytotoxicity tests
can reduce/refine and ultimately replace animal
use for acute toxicity (LD50) testing (Figure
2.6) indicates what needs to be done and the
projected timings for reaching that point.  Each
pathway involves a stepwise approach to
addressing the issue.  Step 1 in any testing
scheme would be the collection and integration
of information on the physical/chemical
properties of a compound, including literature
reviews and analysis of structure-activity
relationships whenever possible.  Most
companies currently do this as a preliminary
step in their evaluation of new candidate
compounds for commercial development.  In
addition, the likelihood that acute toxicity could
be metabolism-mediated needs to be considered
at this early stage, and here it would be useful to
integrate data derived from simple in vitro or in
silico screens for biotransformation
(bioactivation or detoxification).  Step 2 would
involve conducting an in vitro basal
cytotoxicity test to provide data, either for
correct selection of the in vivo starting dose
(enabling an immediate reduction and
refinement of animal use in the interim) or in
lieu of animal testing for estimating rodent
LD50 values (once the battery of in vitro tests
required to do this had been validated for this
purpose).

In the left-hand pathway in Figure 2.6, in vivo
studies are still performed and provide
supplementary information on dose response,
clinical signs, and target organ effects from
acute exposure for those agencies or
organizations that need this additional
information.  However, it is anticipated that
conducting a preliminary cytotoxicity test for
starting dose selection would result in a modest,
but cumulatively appreciable, reduction in
animal numbers at minimal cost and with
negligible impact on chemical or product
development time.  It is further projected that
the ZEBET approach can be proved effective in
a straightforward exercise, and Guidance for
applying the approach prepared within a short
period of time (i.e., 2 to 3 months).

In the right-hand pathway of Figure 2.6, the
steps required for validating one or more in vitro
cytotoxicity assays to replace animal testing for
acute lethality are shown (Balls et al., 1995;
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ICCVAM, 1997).  This goal will take longer to
achieve in light of the current state of the art.
It will first be necessary to design and conduct a
prevalidation study on those in vitro assays that
are considered promising (Curren et al., 1995).
Then the in vitro  test protocol(s) and prediction
models would be subjected to full validation
studies to provide the necessary supporting data
for assay evaluation, and eventual regulatory
acceptance.  

It was considered that, if the commitment to
conducting a formal validation study was strong
enough, the scientific resources could be
harnessed for this effort with facility and the in
vitro tests studied proved good enough, a
replacement test battery might be achieved in as
short a time as 2-3 years.  However, past
experience indicates that the formal acceptance
of this battery might require substantial
additional time.  All prevalidation and
validation studies should be conducted in

compliance with the ICCVAM and ECVAM
guidelines (Balls et al., 1995; ICCVAM, 1997),
following the designs of similar validation
studies conducted on in vitro tests for eye
irritation (e.g., Brantom et al., 1997), skin
corrosion (Fentem et al., 1998) phototoxicity
(Spielmann et al., 1998), and a prevalidation
study for skin irritation (Fentem et al., 2001).

In summary, it was concluded that initially a
prevalidation study should be undertaken for
several promising candidate in vitro
cytotoxicity tests.  Meanwhile, as a parallel
activity, the generation of in vitro cytotoxicity
data to help establish the starting dose for in
vivo testing of new chemical substances
(Spielmann et al., 1999) should be strongly
encouraged as a means to potentially reduce the
numbers of animals used in LD50 tests (Figure
2.6).

                  REFINEMENT and REDUCTION

• further evaluate ZEBET RC

approach

• evaluate 3T3 NRU test data

from eye irritation validation

studies

• prepare guidance document

physicochemical data / SAR

biotransformation ?

2-3 MONTHS

         gut absorption

     blood brain barrier

kinetics

in vitro cytotoxicity test

starting dose
for in vivo study

prevalidation
study

in vivo
animal study

validation
study

2-3 YEARS

rodent LD50 (oral)

clinical
signs

target
organs

dose-
response

       REPLACEMENT

Figure 2.6. Strategy for the reduction, refinement and replacement of animals in acute LD50 testing
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2.7 Recommendations

Breakout Group 1 made the following
recommendations for the prevalidation,
validation, and future development of in vitro
assays for acute lethal toxicity.

2.7.1 Short-term Activities

• A guidance document on the application
of in vitro cytotoxicity data for
predicting in vivo starting doses, to
include details of current test protocols
considered appropriate and their
application, and worked examples,
should be prepared.

• A Working Group of scientific experts
should be established to identify and/or
define specific test protocols for
inclusion in a prevalidation study. The
Working Group should design and plan
the study in detail.  This Group should
take into account the suggestions on cell
type, exposure period, and endpoint
measurement made by BG1 in this
report.

2.7.2 Intermediate-term Activities

• It is anticipated that simple systems
that predict gut absorption, BBB
passage, key kinetic parameters, and
metabolism will be needed to improve
the capability of in vitro cytotoxicity
assays to predict rodent LD50 values, or
any in vivo toxic effects.  Continued
development and optimization of such
systems for this application is
encouraged and should receive
regulatory support.

• QSAR approaches, including expert
systems and neural networks, could be

developed and validated as adjunct
systems for predicting acute systemic
toxicity.  The development of
commercial QSAR packages should be
encouraged.  As an initial step in the
development of these approaches, an
up-to-date review of current QSAR
systems for predicting rodent oral LD50
values should be undertaken.  In
addition, QSARs for predicting gut
absorption, metabolism, and BBB
passage should be developed and
evaluated.

2.7.3 Longer-term Activities

• The ultimate objective is the prediction
of acute toxicity in humans.  For this
purpose, the development of simple
predictive models for human acute
toxicity should be a major focus.

• The evaluation and ultimate acceptance
of in vitro assays for human acute
toxicity will need a larger reference
database than is presently available for
validation purposes.  The MEIC human
database should be peer-reviewed,
modified if needed, and expanded as
soon as possible in order to have the
data available for future validation
studies.

• Other mechanism-based in vitro
methods or endpoints, in particular
resulting from the application of
genomics/proteomics, may provide data
that enhances the information that can
be derived from cytotoxicity tests.  Such
research efforts should continue to be
encouraged and financially supported.
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ADDENDUM

Combined analyses of the ZEBET Register
of Cytotoxicity (RC) and MEIC data

The predictions of acute lethality in vivo from
the RC and MEIC cytotoxicity data have been
analyzed.  The correlation for the 50 MEIC
chemicals (IC50 in vitro  vs rodent oral LD50 in
vivo), including the RC cytotoxicity data for
various mammalian cell lines (dark triangles,
dark linear regression line) and the MEIC
program cytotoxicity data for various human
cell lines (circles, gray linear regression line;
taken from Clemedson et al., 1998a; Clemedson
et al., 1998b), are shown in Figure A.1.  Similar
standard regression lines, with comparable data
fits, were obtained for the RC values (mean
IC50x data) and the MEIC values (IC50m) for
the 50 chemicals (Table A.1).

A similar comparison of the correlations for the
50 MEIC chemicals (RC mammalian in vitro
values and MEIC human in vitro values from
Clemedson et al. [1998a; 1998b]) was also
undertaken for in vitro IC50 vs human peak
lethal blood concentrations in vivo (Ekwall et
al., 1998a).  Again, similar standard regression
lines, with comparable fits, were obtained (Table
A.1):

RC: log (peak concentration) =

0.822 x log (IC50x) - 0.437; r=0.81; R2=0.66

MEIC: log (peak concentration) =

0.913 x log (IC50m) - 0.702; r=0.86; R2=0.74
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Figure A.1. Regression between Cytotoxicity (IC50) and rodent acute oral LD50 for the 50 MEIC chemicals
RC:     log (LD50) = 0.689 x log (IC50x) + 0.276; r=0.84; R2=0.71
MEIC:  log (LD50) = 0.690 x log (IC50m) + 0.080; r=0.81; R2=0.66
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Table A.1. Summary of linear regression analyses (RC vs MEIC)

Chemicals x y slope constant r R2

347 non-selected (RC) IC50x LD50 0.435 0.625 0.67 0.45
50 MEIC (RC) IC50x LD50 0.689 0.276 0.84 0.71
50 MEIC (human cell lines) IC50m LD50 0.690 0.080 0.81 0.66
50 MEIC (RC) IC50x human lethal 0.822 - 0.437 0.81 0.66
50 MEIC (human cell lines) IC50m human lethal 0.913 - 0.702 0.86 0.74
50 MEIC LD50 human lethal 0.879 - 0.669 0.71 0.50

To set these results in context, the predictivity
of the rat LD50 for human peak lethal
concentration was assessed for the MEIC
chemicals (Figure A.2; Table A.1).  The
correlation was not as good as that found with
the IC50 values.

The 50 MEIC chemicals are a subset of the RC;
the overall predictivity of the entire RC (347
chemicals) for rodent LD50 values is lower than
that of the 50 MEIC chemicals (Figure A.3;
Table A.1).  The relationship between in vitro
IC50 values and in vivo LD50 values should be
investigated further by employing multiple
regression techniques rather than simple linear

regression.  In addition, cluster analysis could
also be undertaken.
To investigate how basal cytotoxicity data
obtained from various human cell lines (IC50m)
in the MEIC program (part III and IV)
compares with basal cytotoxicity data from
various mammalian cell lines (IC50x), the
correlation between IC50x and IC50m is shown
in Figure A.4.  The correlation is judged very
high by R2 = 0.90, and suggests that basal
cytotoxicity data obtained with either human
cells or other mammalian cells may be similar
and equivalent for the prediction of in vivo
lethality measures.
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Figure A.2. Regression between rodent acute oral LD50 values and human peak lethal concentrations
for the 50 MEIC chemicals.   
Regression equation: log (peak conc.) = 0.879 x log (LD50) – 0.669; r=0.71; R2=0.50.
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Figure A.3.  Regression between Cytotoxicity (IC50) and rodent acute oral LD50 values for the RC database
showing the 50 MEIC chemicals as a subset of the 347 chemicals in the RC
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Figure A.4.  Correlation between IC50x (averaged from various mammalian cell lines) of the RC
and  IC50m (from various human cell lines) is shown for the 50 MEIC chemicals
The linear correlation coefficient is high (r = 0.95) and judged by an R2 = 0.90.
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3.0 IN VITRO METHODS FOR
ASSESSING ACUTE TOXICITY:
BIOKINETIC DETERMINATIONS

3.1 Introduction

The biokinetics determinations Breakout Group
(Breakout Group 2) was given the task of
discussing and evaluating the capabilities of in
vitro methods for providing biokinetic
information (i.e., on absorption, distribution,
metabolism, and excretion) that can be used to
estimate target-organ dosimetry for acute toxicity
testing.  The Breakout Group was asked to
identify future research needs in the area of
biokinetics that will enable in vitro methods to
more accurately predict acute toxicity in vivo.
The role of quantitative structure-activity
relationships (QSAR) and quantitative structure-
property relationships (QSPR) in biokinetic
determinations was also to be considered.

The Breakout Group was asked to answer a
number of questions in three areas:

(1) The identification of the need for specific
knowledge in the field of biokinetics;

(2) The current status of knowledge and
technology in the field;

(3) Future directions for research.

The group discussions followed general lectures
given in the Workshop’s opening plenary session.
A presentation to the Breakout Group entitled “An
integrated approach for predicting systemic
toxicity” was particularly relevant to the Breakout
Group’s responsibilities, demonstrating the central
role of biokinetic modeling in the prediction of
systemic toxicity using in vitro data (Blaauboer et
al., 2000).

3.1.1 General Discussion

The goals for the Workshop were presented and
the following specific questions were posed:

(1) What in vitro systems are available and
how can these systems be applied and/or
improved?

(2) What research requirements can be
formulated?

(3) Which priorities can be set for research?

The discussions of the Breakout Group centered
on the role of the kinetics of a chemical in vivo in
its acute systemic toxicity.  The following
summary was developed as a point of departure
for the Breakout Group’s deliberations:

Re sults obta ined fr om in v itro studie s in
ge ne ral a re of ten not direc tly a pplic able to
the in v ivo situation.  O ne of  the most
obvious diff er enc es be tw een the situa tion in
vitro a nd in v ivo is the  a bse nc e of proce sse s
re ga rding absorption, distr ibution,
me ta bolism a nd excr etion (i.e ., biokine tic s) 
that gove rn the e xposure  of  the ta rge t tissue
in the intac t organism.  The conce ntr ations
to w hic h in v itro systems are  e xpose d may
not cor re spond to the ac tua l situa tion at the
ta rget tissue after  in v ivo e xposure .  In
addition, the occ ur rence  of  meta bolic 
ac tivation a nd/or  satura tion of specific
me ta bolic  pa thways or absor ption a nd
elimina tion me cha nisms may also be come
re le vant for  the toxic ity of a c ompound in
vivo.  T his may le ad to misinte rpretation of
in v itro data if suc h inf or mation is not take n
into ac count.  Ther efore , pre dic tive studies
on biologica l activity of c ompounds r equir e
the integration of data on the mec hanisms
of  a ction with da ta  on biokinetic behavior .
Over  the last dec ade, the f ea sibility of using
ma thema tical mode ls for inter pre ta tion of in
vivo biokinetics has gr own substa ntially.
This de ve lopme nt ha s bee n f ac ilita ted by
the inc re asing availability of c omputer -
ba se d tec hniques for numerica l solution of 
diff ere ntial equa tion sets tha t cha ra cte rize
biokine tic processe s ( Blaauboer et al.,
2000).

The Breakout Group also reached consensus on
some terminology: the word “toxicokinetics”
should be replaced by “kinetics” or “biokinetics”.
Problem areas in predicting kinetics of chemicals
were noted in: (a) biotransformation (value of in
vitro systems for determining biotransformation,
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interpretation of in vitro data, scaling up to the in
vivo situation); and (b) the passage across special
barrier systems (e.g., in the gastrointestinal [GI]
tract, the blood-brain barrier [BBB], and the
kidney).

Short presentations on the following were
provided as a focal point for Breakout Group
discussions:

• Biokinetic modeling of acute exposure;
• QSAR/QSPR;
• BBB;
• Kidney barrier systems;
• Intestinal barrier;
• Metabolic activation, including different

systems available for the liver (and
extrahepatic tissue);

• Skin as a barrier;
• Microarray alternatives;
• Information from NIEHS Microarray

Center;
• Expert systems for making predictions of

a compound’s partitioning and toxicity.

After the presentation on the use of
Physiologically-Based Biokinetic (PBBK)
models, the Breakout Group concluded that
kinetics play a crucial role in estimating a
compound’s acute systemic toxicity.  The use of
these physiologically determined models has
proven to be very useful in many aspects.  Over
the last ten years, the feasibility of this modeling
approach has been greatly enhanced due to the
availability of computer techniques that allow for
the simultaneous numerical solution of differential
equations.  While species-specific anatomical and
physiological data are generally available from the
literature (e.g., Arms and Travis, 1988; Brown et
al., 1997), compound-specific parameters for
PBBK models (e.g., tissue-blood partition
coefficients and the Michaelis-Menten constants
Vmax and Km) are often still obtained by fitting
these parameters to experimental data obtained in
vivo.  Proper use of PBBK models in itself can
contribute to reduction and refinement of animal
studies by optimization of study design through
identification of critical parameters and time
frames in kinetic behavior.  In addition,
incorporation of in vitro-derived parameters will

lead to a further reduction of large-scale animal
studies for quantitative assessment of the
biological activity of xenobiotics.

The Breakout Group concluded that a distinction
can be made between the goals to be achieved:

• Short-term: improvement of the
interpretation of in vitro toxicity data for
estimating rodent LD50 values;

• Long-term: using in vitro data for
estimating/predicting sublethal acute toxic
effects caused by chemicals in humans
(e.g., represented by a TD10 value, i.e.,
the dose at which mild toxicity could be
expected in no more than 10% of the
exposed humans).

It will be obvious that the latter goal is of greater
interest for the risk evaluation of chemicals,
where the protection of humans with regard to
toxic effects is the highest priority.

These different goals need different scientific
activities; different groups of chemicals will need
different approaches for modeling the kinetics.  In
some cases, a great deal of information is
available (e.g., on low molecular weight; volatile
lipophilic compounds).  For these compounds,
reasonable estimates can be obtained for their
partitioning in the organism based on their
physico-chemical properties.  Many kinetic
parameters (e.g., Vd and ke) are also determined
by the size of the dose (i.e., the amount of
compound available for systemic circulation)
because of capacity-limited processes in
metabolism and transport.

3.1.2 Subjects of Discussion

The intestinal barriers, the role of the gut flora,
first pass metabolism, and (counter) transport
systems were discussed.  A number of cell lines
are available to estimate absorption through the
gut barrier.  BBB and skin absorption models
were also addressed.  In vitro methods for these
systems exist, but none reflects the full metabolic
and transport capacity seen in vivo.

The current status of systems to estimate the
kidney epithelia as a barrier was discussed.  These
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systems include the use of renal cell lines, such as
LLC-PK1 cells and MDCK cells.  The former cells
form low resistance epithelial monolayers when
grown on permeable supports; the latter form
extremely high resistance.  However, these cell
lines do not express all the relevant transporters
found in vivo.  The lack of the organic anion
transporter is particularly problematic and cell
lines transfected with these transporters may be
more appropriate.  Currently, an ECVAM
prevalidation study is under way of trans-
epithelial resistance and inulin permeability as
endpoints in in vitro nephrotoxicity testing.

The ability to estimate biotransformation reactions
of chemicals is of particular interest since acute
toxicity may be mediated through the
bioactivation or deactivation of chemicals.  In
vitro systems designed to address this possibility
include:

• Liver homogenates;
• Microsomal preparations;
• Isolated cells;
• Primary monolayer cultures;
• More complicated cell cultures (co-

cultures, 3D cultures);
• Transgenic cell lines.

QSAR systems have also been proposed for
modeling the metabolic biotransformation of
chemicals.  The use of QSAR/QSPR and the
development of software systems to predict
“chemical functionalities” of compounds which
may be used to estimate kinetic behavior
(including protein binding) and the
toxicodynamics were also discussed.

3.2 Identifying Needs

3.2.1 In Vitro Methods for Evaluating
Chemical Kinetics

As mentioned above, the Breakout Group
recognized a short-term and a longer-term goal for
using in vitro or other non-animal techniques for
predicting acute systemic toxicity.  First, one
focuses on the longer-term goal: how to use these
techniques for the evaluation of a chemical’s
kinetics and the ultimate prediction of sublethal

acute toxic effects in humans.  Section 3.4.4
concentrates on the short-term (interim) goal: how
to improve the prediction of acute lethal effects in
rodents.  In vitro methods, in combination with
knowledge of a chemical’s structural properties,
can be used to predict/determine the chemical’s
absorption, distribution, metabolism, and
elimination in an intact organism.  However, it
will be a major challenge for the field of in vitro
toxicology to identify the particular target
tissue(s) or cells and the time course of clinical
toxicity in the absence of in vivo observations.

In the short-term, physico-chemical properties can
be used to predict/determine partition.  QSAR (or
QPPR) can be helpful for this determination
(DeJongh et al., 1997).  In vitro determinations of
rates of metabolism and of passage of a chemical
across membrane barriers (e.g., GI ⇒ blood;
blood ⇒ brain) will improve the kinetic modeling.
Taken together, these may be able to be used to
calculate an LD50 value (as administered to an
intact organism) from the LC50 value in a basal
cytotoxicity test.  Presentation of any such
predicted LD50 value also requires concurrent
presentation of the quantitative uncertainties
attendant to that value.  In the long-term,
knowledge of a chemical’s kinetics will need to
include a comparison of the kinetic and the
toxicodynamic time-profiles.  Moreover,
knowledge of kinetics assists in determining the
mode of toxic action and vice versa (Ekwall et al.,
2000; Liebsch et al., 2000).  [see MEIC evaluation
of acute systemic toxicity, Appendix E].

3.2.2 Biokinetics in the Overall Toxicological
Evaluation

Biokinetics is essential for relating administered
dose of toxicant to concentration at the target
tissue(s).  Tissue-specific concentration of the
toxicant is one of the mechanisms that can result
in organ-selective toxicity.  In addition,
biokinetics can establish whether metabolism
plays a role in modulating the toxicity.  Such
modulation can either attenuate or enhance the
toxicity.
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3.2.3 Biokinetic Techniques as In Vitro Assays

The following are techniques that need further
development:

(1) In vitro determination of partition
coefficients, metabolism, protein binding,
and stability;

(2) Characterization of biotransformation
enzymology;

(3) Structural knowledge and its translation
into “chemical functionalities”; estimation
of partition coefficients, metabolism, etc.
(“in silico”, including QSAR/QSPR);

(4) Biokinetic modeling, including the
integration of toxicodynamic and
biokinetic modeling in predicting
systemic toxicity.

3.3 Current Status

3.3.1 Prediction of Biotransformation

Biotransformation can be carried out using human
or animal hepatic subcellular fractions, human or
animal primary hepatocytes, or human or animal
hepatic precision-cut slices.  The use of primary
human hepatocytes in suspensions or culture
requires specific expertise and may not be
appropriate for use in all laboratories.  Human or
animal hepatic subcellular fractions can be
cryopreserved and used at a later time to provide
qualitative kinetic data, but these fractions may
not reflect the integrated routes (activation and
detoxification) of metabolism of a compound.

The selective use of cofactors can aid the
determination of routes of metabolism.  There is a
need for standardization of the conditions for the
preparation and incubation of rat hepatocytes.  Rat
hepatocyte incubations may overestimate the
metabolic clearance of a compound.  It is essential
to quantify the rate of disappearance of the parent
compound and desirable to quantify the rate of
metabolite formation.

3.3.2 Systems for Estimating Gastrointestinal
Absorption

Apparent membrane permeability and aqueous
solubility are reasonably predictive of the fraction

of a dose that will be absorbed through the GI
tract.  Several in vitro systems for measuring
intestinal absorption include measuring apparent
permeability constants in either intestinal tissue
segments or cell monolayers that have been grown
on a porous support.  Cell lines used for this
purpose include the human colon carcinoma cell
line Caco-2, the canine kidney cell line MDCK,
and the porcine kidney cell line LLC-PK1.  All
systems are widely used in the pharmaceutical
industry in the oral drug discovery process.  Each
system has advantages and disadvantages which
may or may not be relevant depending on the
chemical under study.

Cell lines do not require the use of animals.
However, they often lack or have non-
physiological levels of uptake and efflux
transporters that are present in vivo.  These
transporters can dramatically affect the extent of
bioavailability at low doses.  The nature and
extent of species differences in transporter
activity/affinity is presently unknown.  The
Breakout Group consensus was that in the absence
of data to the contrary, it would be appropriate to
assume that an administered dose would be
completely absorbed.  This is a public health
conservative approach.  For those compounds
where such an assumption is not appropriate, the
above-mentioned in vitro systems can be used to
provide experimental data on the fraction
absorbed.

3.3.3 Prediction of Renal
Clearance/Accumulation

Glomerular filtration and reabsorption in the
proximal tubule determine the renal excretion of
most compounds.  These parameters can be
predicted from the physico-chemical properties of
the compound and its plasma protein (albumin)
binding.  These parameters are less predictable
where active secretion or reabsorption and
saturation kinetics are involved.  Many of the
currently available renal cell lines or renal cell
primary cultures lack specific transporters (in
particular, the organic anion transporter) which
are implicated in the accumulation of several
nephrotoxic compounds.  The substrate specificity
of other proximal tubular transporters is poorly
defined.
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3.4 Future Directions

3.4.1 Proposed Approach for Consideration of
Kinetics in the Estimation of Acute Oral
Toxicity

The diagram presented in Figure 3.1 illustrates a
conceptual structure for the use of kinetic
information in the estimation of acute oral
toxicity.  Under this scheme, available in vitro
data on the absorption, tissue partitioning,
metabolism, and excretion of a test material would
be used to parameterize a chemical-specific
biokinetic model (Clewell, 1993).  In many cases,
currently available QSPR/QSAR techniques could
be used to estimate chemical properties and

kinetics when the specific data for that chemical is
lacking.  For example, simple empirical
correlations have been developed for estimating
the tissue partitioning of a chemical from its water
solubility, vapor pressure, and octanol/water
partitioning (Paterson and Mackay, 1989;
DeJongh et al., 1997).  Emerging QSAR
techniques (e.g., knowledge-based systems) may
eventually prove useful in predicting potential
target tissues for toxicity so that the appropriate
assays of in vitro dynamics (response) could be
selected.  These target tissue assays would, in
turn, provide information on the nature and
location of the toxicity produced by the chemical
(DeJongh et al., 1999).

QSAR In Vitro
Kinetics

Biokinetic
Model

In Vitro
Dynamics

Partitioning
Metabolism
       etc.

     Potential
Target Tissues

Target Tissue
  Responses

         In Vivo
Exposure Profile

 In Vivo
 Human
Toxicity
Estimate

Nature of 
Toxicity

      In Vivo
Dose-Response

Figure 3.1. A recommended scheme for incorporation of QSAR (QSPR) data, in vitro data on kinetics and
dynamics, and kinetic modeling in the estimation of human (or animal) toxicity

3.4.2 Classification of Compounds Based on
Their Physico-Chemical Properties

The complexity of the biokinetic model would
depend on the physico-chemical and biochemical

characteristics of the chemical.  In the specific
case of acute toxicity, a simple one-compartment
description of the administered chemical may
suffice for many chemicals.  The volume of
distribution for such a model could be estimated
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from the volume-weighted average of the
estimated partitioning into various tissues, and
estimates of fractional absorption and rate of
clearance could be based on data for structurally
similar compounds.

Each of these assumptions or predictions,
however, introduces its own associated
uncertainty into the result of the lethality risk
estimate.  Even with such a simple model, it may
be possible to estimate the systemic
concentrations that could be expected to result
from an in vivo exposure to a given dose
(DeJongh et al., 1999).  Thus, the model could be
used to relate the concentrations at which toxicity
is observed in an in vitro toxicity assay to the
equivalent dose that would be expected to be
associated with toxicity for in vivo exposure.
These models can also provide information on the
temporal profile for tissue exposure in vivo, which
can then be used in the design of the most
appropriate in vitro experimental protocol
(Blaauboer et al., 1999).

There are chemical classes for which a one-
compartment description would not be expected to
be adequate.  However, the physiological
mammalian structure (tissue volumes, blood
flows, ventilation rate, glomerular filtration rate,
etc.) is well characterized, and there is no
difficulty in describing tissues separately.  As
mentioned above, techniques exist for estimating
tissue-specific partitioning.  Other data required
would depend on the class of chemical.  For
volatile chemicals, ventilatory clearance can be
estimated from the blood-air partition.  For water-
soluble chemicals, urinary clearance can be
estimated from the glomerular filtration rate or the
renal blood flow (for secreted compounds).  For
some classes of chemicals, it would also be
necessary to determine the fractional binding of
the chemical to plasma proteins or the partitioning
of the chemical into red blood cells.

The greatest challenge in parameterizing the
biokinetic model remains the estimation of
metabolic clearance.  The possibility is increasing
to use in vitro-determined metabolic parameters
(Vmax and Km) in order to accurately predict
total body metabolic clearance  (Houston and
Carlile, 1997).  Currently, it would be necessary
to perform in vitro assays of the dose-response
(capacity and affinity) for metabolic clearance
(Kedderis, 1997; Kedderis and Held 1996;
Kedderis et al., 1993).  These assays are generally
more expensive than the dynamic (toxicity)
assays, since they necessarily involve the
development of an analytical method for
quantifying the concentration of the parent
compound and its metabolite(s) in each tissue of
interest over time.  Quantification of the
concentration of compound in the dynamic assays
should also be preferred, but it is not absolutely
necessary in that case.  Eventually, as data
accumulate for a large number of structurally-
diverse materials, it might be possible to predict
metabolism and disposition using knowledge-
based systems.

An important underpinning of this process is that
the kind of information necessary for a particular
test material depends on its structure and physico-
chemical properties.  It seems reasonable to
expect that chemicals could be categorized into
classes based on their properties, and that this
categorization would simplify the process of
determining the data needed for a particular
compound.  This concept is illustrated in Figure
3.2.  As noted above, the key physico-chemical
properties of a test material involves its volatility
(reflected in its blood-air partition, Hb/g), its
water solubility (Sw), and its lipophilicity
(reflected in its octanol-water partition, Ko/w).
Compounds with similar properties can be
grouped, and data from similar compounds can be
used to fill gaps in the knowledge of a particular
compound.
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KO/W

Sw1/HB/G

Dioxins

Alcohols

Volatile
Solvents

IonsInsolubles

Esters

Acids
Bases

Lipophilicity

PFEs

Solubility

Physico-Chemical Classification

Volatility

Figure 3.2. Classification of compounds based on their physico-chemical properties

There are two advantages of this in vitro/modeling
approach over the traditional in vivo LD50 test.
First, the in vitro/modeling approach can provide
more extensive information than a traditional oral
LD50 value provides.  As information
accumulates across chemicals, QSAR techniques
could play a correspondingly greater role in the
prediction of both kinetic and dynamic
information.  It is likely that QSAR techniques
would be more successful for these fundamental
processes and simple in vitro assays than they
have been for the prediction of the in vivo assay.
Secondly, all of these assays should be performed
using human cell systems.  The Breakout Group
consensus was that in vitro testing should, when
possible, be performed with human cells rather
than rodent cells.  This obviates the need, inherent
in the rodent LD50 test, to extrapolate from
rodents to humans.  The uncertainties with the
current approach of extrapolating in vitro derived
data employing human cell cultures to the
situation in the intact situation in humans will
generally be smaller than those uncertainties for

extrapolating data from animal cell experiments to
humans.

Classification of chemicals according to their
physico-chemical properties has been done
extensively in the past.  This approach has proven
to be useful to predict effects, particularly within
closely related classes of chemicals.  However,
this approach has limitations; it should not be used
outside the boundaries of the prediction model
used (i.e., the effects that can be predicted should
be within the scope of the model assumptions).

If the focus is on the use of in vitro-derived data,
then the importance of using specific cell systems
becomes more important if one is looking at more
specific forms of toxicity.  Then the biological
properties of the cells used become more
important.  Ultimately, there are two questions
that coexist all the time: What does the chemical
do to the cell?; and what does the cell do to the
chemical?  From this conceptual point of
departure, the rate-determining step and more
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often the rate-limiting steps need to be identified
for mathematical modeling.

This problem and part of its solution can be
illustrated based on central nervous system (CNS)
vs. liver effects of solvents (limit it to small
molecular weight chlorinated aliphatics).  It is
known from the Meyer-Overton rule (Meyer,
1937) that these anesthetic chemicals are very
predictive of one another's CNS effects in vivo.
However, these predictions do not hold for
chronic liver effects and vice versa.  This is
understandable since the two effects have nothing
in common, kinetics being the rate-determining
step for anesthesia (wake-up driven by elimination
of the chemical) vs. dynamics being the rate-
determining step for liver cancer (slow
reversibility of preneoplastic foci after complete
elimination of the solvent).  However, an acute
endpoint such as reduced flicker fusion reflex is a
much more sensitive endpoint of impairment than
is chronic liver cancer.  Therefore, people will be
protected from cancer if regulation is based on the
acute effect without the need for elaborate PBBK
models based on metabolism in the liver.

The acute toxicity of all these solvents consists of
CNS depression leading to respiratory failure
without regard to the route of administration.
These considerations will become more important
when one moves away from the prediction of
acute lethal toxicity towards predicting more
subtile sublethal (acute) effects.  However, these
points are essential for modeling (sub)-chronic
toxicity.

3.4.3 Kinetic Support of Interim Rat LD50
Estimate

In developing the approach just described, the
focus of the Breakout Group was on the prediction
of human TD10 values (i.e., the dose at which
mild toxicity could be expected in no more than
10% of exposed humans).  However, the Breakout
Group acknowledged that there will be a need in
the short-term for the estimation of rodent LD50
values under the HPV chemical program.  The
following discussion describes the application of
the approach described above for this latter need.

3.4.3.1 Research and Development Needs

In the first step, estimates of key kinetic
parameters can be obtained either from data
available on the chemical or from the use of
QSPR techniques (which are based on physico-
chemical properties of the compound).  QSPR
techniques can be used as a first approximation of
key kinetic parameters such as absorption,
partition, etc.  If one can use kinetic data that are
actually measured, then these data will prevail.

• Octanol/water partition coefficient;
• Water solubility;
• Saturation vapor pressure or blood-air

partition;
• PKa;
• Molecular weight/volume (for estimating

gastrointestinal absorption);
• Hydrogen bond donors/acceptors (for

estimating gastrointestinal absorption).

This prior knowledge on kinetic parameters or the
estimation on the basis of QSPR data can then be
used to evaluate the in vitro LC50 values for a
chemical.  The assumption is that this LC50 value
is equal to the concentration in the intact organism
at which cells die in vivo.  Depending on the
chemical’s physico-chemical properties, the
kinetic model to be used for this estimation may
be simple or more complex.  For many (e.g.,
water-soluble compounds) a simple one-
compartment model can be used to estimate the
oral dose that would result in an average systemic
exposure equivalent to the in vitro LC50 value
over the time period of interest.  The key factors
needed for the model would be estimates of the
oral bioavailability, tissue partitioning (to obtain
the volume of distribution), and total clearance.
Depending on the properties of the compound, the
clearance could be dominated by metabolism,
urinary excretion, or pulmonary ventilation.  In
most cases, metabolic clearance will have to be
determined empirically.

A key problem for this near-term application is
that many HPV chemicals may not have adequate
analytical methods yet developed.  Therefore,
metabolism assays may be too expensive and
time-consuming for high-throughput LD50
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estimation.  However, a simple, conservative
estimate for the oral dose resulting in systemic
exposure equivalent to an in vitro LC50 value
could be obtained by assuming 100%
bioavailability, ignoring metabolic clearance, and
simply estimating tissue partitioning to obtain the
volume of distribution (Vd).  For example, a
commonly used default for the volume of
distribution for water-soluble chemicals as a
function of body weight (b.w.) is:

Vd = 0.65 * b.w.
In this simple approximation, the relationship
between the in vivo and in vitro assays could be
described by the formula:

LD50 = LC50 * Vd / b.w..
Other adjustments could be made to this approach
for chemicals where ventilatory or urinary
clearance would be important, as described in the
previous section.  In addition, if data on
bioavailability are available, such information
could be factored in to obtain a more accurate
LD50 estimate.  An additional benefit of this
approach is that similar calculations could be used
to convert the in vitro LC50 value to an in vivo
LC50 value for acute inhalation.  These
assumptions, however, introduce inherent
uncertainties into the resulting calculation of the
oral LD50 value and depending upon the material
of concern, may result in substantial inaccuracies.

It is not certain that the approach described here is
actually viable; in particular, it needs to be
determined whether sufficient information is
available on the compounds of interest to support
the necessary calculations.  A first step would be
to characterize the HPV chemicals in terms of
their physico-chemical properties and determining
the range and most frequent combinations of
physico-chemical properties.  This would provide
a basis for the selection of “proof of concept”
chemicals (not necessarily HPV chemicals) that
could be used to evaluate the kinetic parameter
estimation paradigm described here.

Another useful exercise would be to identify the
compounds that represent the outliers in the RC
correlations of in vitro basal cytotoxicity assays
with LD50 values.  By determining the physico-
chemical properties of these compounds, and
knowing their target tissues, it might be possible
to identify factors that could improve the

correlation (e.g., consideration of BBB
penetration) between predicted oral LD50 values
in rodents and empirical values.  In this way it
might be possible to define a “predictive range”
for various chemical properties over which the in
vitro assay might be expected to provide
reasonable LD50 estimates.  Also, exclusion rules
for identifying compounds for which the results of
the in vitro assay should not be relied upon might
be defined.

3.4.3.2 Tiered Approach for Evaluating Acute
Toxicity

A particular problem area in terms of the
predictive value of the currently available in vitro
toxicity assays is where toxicity is secondary to
metabolic activation.  In particular, it is possible
that rapid oxidative or reductive metabolism could
result in acute liver toxicity from oral exposure.
Examples of such toxicity is the production of
phosgene by the oxidative metabolism of
chloroform and the acute liver necrosis seen after
carbon tetrachloride exposure.  Such toxicity
would not be observed in in vitro assays using
basal cells with little or no metabolic competence.

One possible approach for dealing with this
problem is illustrated in Figure 3.3.  The first step
would be to estimate hepatocyte metabolism at a
relatively low concentration (e.g., 10 micromolar).
If the rate of metabolism (Vmax/Km) observed is
low, then the basal cell LC50 value could be
relied upon.  If, however, the rate is high, then it
would be necessary to identify the responsible
enzyme system.  This identification could be
performed, for example, by using a microsomal
(S9) fraction with selective addition of cofactors
or inhibitors.  If these studies indicate that the
primary enzyme system is oxidative or reductive,
then the possibility of toxicity associated with
metabolic activation exists.  In this case it would
be necessary to perform a hepatocyte cytotoxicity
assay.  If the LC50 value for the hepatocytes was
much lower than for the basal cells, it would be
necessary to characterize the concentration-
response for metabolism in order to predict the in
vivo doses that might be associated with toxicity.
On the other hand, if the primary metabolism
represents detoxication (conjugation, sulfation,
etc.), then the (acute) toxicity of the metabolites
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will generally be much lower and, therefore, the
basal cell assay results for the parent compound
could be used with some confidence to calculate
the LD50 value.

An alternative approach, suggested by Breakout
Group 3, would be to begin with a basal cell
cytotoxicity assay (to screen out highly toxic
compounds) and then perform a toxicity assay
with a hepatocyte primary culture.  If similar
LC50 values were obtained in both assays, the

concern for toxicity secondary to metabolic
activation could be effectively ruled out.  In such
cases, a much less extensive characterization of
metabolism would be needed to support an
estimate of clearance.  On the other hand, if the
toxicity in the hepatocyte assay was strikingly
greater than that for the basal cells, the more
complete characterization of metabolism
discussed above would be justified.

In Vitro
  LC50

Estimate Metabolic
Clearance at 10 uM

  Classify as
Highly Toxic

 Greater than
Critical Value

     Less than
Critical Value

   Estimate
In Vivo LD50

 from LC50

“low”

Oxidation
Reduction

Chemical 
  Triage

Determine
Primary
Metabolism

Detox

“high”

    Need
Additional
     Data

Figure 3.3: Tiered approach for evaluating acute toxicity

3.5 Recommendations

Table 3.1 (Section 3.5.2) lists a number of specific
research areas in the area of biokinetics that the
Breakout Group felt would improve the ability to
use in vitro information in the prediction of acute
toxicity.  The following discussion highlights
some of these research areas and illuminates some
concerns emphasized by the Breakout Group.

3.5.1 Long-Term Research Needs

3.5.1.1 Metabolites and Acute Toxicity

In some cases, a circulating metabolite can be
responsible for acute toxicity in a tissue remote
from its generation.  Kidney toxicity from some
chlorinated alkenes has been shown to result from
the production of a GST conjugate (in the liver)
which is converted to the cysteine conjugate in the
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kidney, and then activated to a toxic mercaptan by
beta-lyase.  Another example: the CNS effects of
chloral hydrate result from the metabolite
trichlorethanol, which is produced in the liver.  In
cases such as these, metabolite-specific kinetic
data are necessary to estimate target tissue
exposure, and in vitro  toxicity assays would have
to be conducted with the metabolite(s) responsible
for the observed toxicities.  The latter, requires
structural identification and synthesis of the
metabolite(s) of concern in sufficient quantities to
conduct these studies.

Other important research areas include the
development of validated, stable human
hepatocyte systems, as well as in vitro systems for
key transporters (renal, biliary, etc.).  A long-
range goal should be the development of template
PBBK models for the various classes of
chemicals.  Target tissues evaluated by in vitro
assays would be included explicitly in the
physiological structure of these models.  The
models would provide a mechanistic description
of barrier functions (gut, bile, kidney, blood-brain
barrier, skin), so that the data obtained from
transporter assays could be readily incorporated.

3.5.1.2 QSPR Applications

At the same time, specific QSPR applications
need to be developed to provide the kind of
information required by PBBK models
(metabolism constants, binding, etc.).
Unfortunately, the principal limitation in the
development of useful QSPR applications appears

to be the dearth of suitable data available for
training knowledge-based systems.

3.5.1.3 Kinetics and Dynamics

The interaction between kinetics and dynamics
needs to be explored.  For example, the effect of
toxicity on the metabolism and excretion of a
chemical or, conversely, the effect of metabolism
or reabsorption on the toxicity of a chemical must
be taken into account.  Rigorous analyses of the
time dimension in the conduct of these assays to
account for duration and frequency of exposure is
also an area that needs to be addressed.  Because
of cell viability issues, it may not be possible to
reproduce the time frame of in vivo tissue
exposure using in vitro systems.  Also, the time
frame for the appearance of toxicity may be quite
different from the time frame for exposure to the
chemical (Soni et al., 1999).

It is important to recognize that the proposed
schemes (Figures. 3.1 and 3.2), and the discussion
above, concern only the approximation and
prediction of acute oral toxicity.  It was neither the
intent nor the purpose of the Breakout Group that
these conclusions could be extended in any way to
other types of toxicity that are relevant to public
health risk assessment (e.g., developmental
toxicity, sensitization, carcinogenesis, etc.).  In the
final analysis, in vivo exposure captures the
effects of many potentially complex interactions
that may be difficult to reproduce with in vitro
systems.
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3.5.2 Research Needs for the Application of In Vitro Methods to the Prediction of Acute Chemical
Toxicity

Table 3.1 Biokinetic Research Needs

Kinetics Kinetics-Dynamics
Interface (Feedback)

Dynamics Extrapolation

Understand the
relationship between
molecular structure,
physical-chemical
properties, and kinetic
behavior of chemicals in
biological systems.

Develop mathematical
modeling techniques to
describe complex kinetic
systems.

Develop mathematical
modeling techniques for
tissue modeling
(anatomically correct
models).

Develop algorithms to
determine the optimum
kinetic model for a
particular chemical.

Conduct research on
modeling of fundamental
kinetic mechanisms.

Develop an optimal
battery of in vitro assays to
evaluate chemical-specific
kinetic parameters.

Develop QSAR models to
predict kinetic parameters.

Develop a library of
generic models that are
acceptable for regulatory
risk assessments.

Establish a database of
chemical-independent
parameters (mouse, rat,
human).

Understand and model the
mechanisms regulating the
expression of proteins
involved in kinetic
processes – (metabolizing
enzymes, transport
enzymes, metallothionein,
membrane channels, etc.).

Understand and model
effects of changes in
physiological processes on
kinetics of chemicals.

Develop in vitro biological
models that are equivalent
to in vivo tissues (i.e.,
models that maintain
specified differentiated
functions that are
important for the
toxicological phenomena
under study).

Develop mathematical
modeling techniques to
describe individual
variability (genetic
background).

Develop mathematical
modeling techniques to
describe complex dynamic
systems and genetic
networks at the cellular
and at the systemic level.

Establish lines of
differentiated human cells
(e.g., derived from stem
cells).

Understand and model
mechanisms of multi-
cellular interactions in
development of toxic
responses (co-cultures).

Understand and model
relationships between
cellular responses and
biomarkers of systemic
responses.

Inter- and intra-species
extrapolation; comparison
of genomic differences, or
species-specific expression
differences between
species and within one
species (e.g.
polymorphisms in
biotransformation
enzymes).

High dose - low dose
extrapolation
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4.0 IN VITRO METHODS FOR ORGAN-
SPECIFIC TOXICITY

4.1 Introduction

Breakout Group 3 reviewed in vitro methods
that can be used to predict specific organ
toxicity and toxicity associated with alteration
of specific cellular or organ functions.  The
Breakout Group then developed
recommendations for priority research efforts
necessary to support the development of
methods that can accurately assess acute target
organ toxicity.

Knowledge of the effects of acute exposure to
unknown materials is needed early in the
development of new products and chemicals.
Researchers who are using new chemicals in the
laboratory need to know what types of safety
precautions they need to take when handling
these materials.  Manufacturers must have some
idea of the safe levels of exposure before they
can develop the processes and build the facilities
to safely manufacture the materials.  The toxic
doses also define precautions that must be taken
when shipping materials, and govern the
appropriate response of emergency personnel in
case of accidental spills.  Planned or inadvertent
single-dose exposure of specific human or other
populations may also occur, such as from
accidental ingestion of common household
materials, application of single use pesticides,
and some pharmaceuticals.

The Breakout Group was asked to review in
vitro methods for predicting specific target
organ toxicity.  Specifically the Breakout Group
was asked to do the following: (a) identify the
most important areas where in vitro methods
are needed; (b) review and comment on the
current status of in vitro methods to predict
target organ toxicity; and (c) prioritize the need
for future research in this area.  In addition, the
Breakout Group considered where it would be
necessary to include prediction of specific target
organ toxicity in developing an in vitro program
to replace the current acute oral toxicity assays
used in hazard classification systems.

The scope of the remit was very broad and the
Breakout Group proceeded by identifying the

organ systems where failure could lead to
lethality after acute exposure.  The Breakout
Group reviewed each system individually, and
then proposed a scheme for including the
important endpoints identified into a
replacement test battery for acute toxicity.

4.1.1 Regulation of Industrial Chemicals and
Pesticides

A representative (Dr. Karen Hamernik) of the
U.S. EPA related the needs of an agency that
regulates industrial/commodity chemicals and
pesticides.  In addition to their use in assigning
an international hazard classification, the results
of acute toxicity tests are used to set doses for
in vivo cytogenetics assays, acute neurotoxicity
tests, and, occasionally, for other types of
rodent tests.  Dose setting may utilize LD50
information and dose response data over a range
of doses for a given test material.  In addition,
information on the effect of single exposures is
gathered during acute neurotoxicity tests,
developmental toxicity tests, and metabolism
studies.  In these tests, multiple endpoints may
be measured and the results can be used for
hazard and risk assessments for single-exposure
scenarios.

The U.S. EPA is concerned with organ-specific
effects -- including their severity, onset, and
duration -- that become apparent from various
test material exposure scenarios including acute,
sub-chronic, or chronic exposure.  Some study
protocols provide reversibility-of-effects
information.  Information on organ-specific
effects may have an impact, at least in part, on
risk assessment methods depending on the
effect of concern, whether a mechanism for
toxicity can be proposed or identified, and on
the available dose-response information.  For
instance, organ-specific effects may impact
decisions on whether to regulate based on cancer
or non-cancer endpoints, to use linear or non-
linear models, and whether to use dose-response
data or benchmark dose approaches.   

How organ-specific effects impact risk
assessment depends to some extent on where
the effects occur on the dose-response curve,
what types of effects are seen and their
severity, and the nature of the exposure.
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Examples include the presence of clear toxic
effects such as necrosis and changes in enzyme
activities or elevations in hormone levels that
may be considered precursors to possible longer-
term toxic, or even carcinogenic, effects.  The
impact of these effects may depend upon
whether they are seen only in adult animals,
young or adolescent animals, or during in utero
exposure.  Toxicity data are used for human risk
assessment and to provide clues for potential
concerns for effects in wildlife.

In the United States, organ-specific effects seen
in toxicity studies may trigger Food Quality
Protection Act-related issues such as the
possibility of grouping chemicals with common
modes of action or mechanisms for cumulative
risk assessment.  Certain organ-specific effects
may serve as a starting point to look at
questions related to human relevance.  The
presence of such findings may trigger the need
for additional studies to support the suspected
toxicological mechanism.

4.1.2 Regulation of Pharmaceuticals

A representative (Dr. David Lester) of
FDA/CEDR related the needs of an agency that
regulates pharmaceutical materials.  CEDR does
not ask for, nor regulate, non-clinical toxicity
testing, and does not use estimates of the LD50
value in its assessments.  In general, the agency
does not find identification of specific organ
toxicity after single-dose acute exposure useful
since most pharmaceuticals are given as
multiple doses.

The results of acute toxicity tests are not useful
in establishing dosing regimes because most
pharmaceuticals are developed for multiple use.
Acute effects are more important for oncologic
drugs because the margins of safety may be
smaller.  Single-dose studies may also be useful
for developing imaging agents where it is
important to understand tissue distribution after
a single exposure.

In vitro studies are often performed in drug
development as part of the effort to understand
the disease process or to understand the actions
of the drugs on specific cells.  In drug
development, the risk assessments are based on
the total dose of the material given and not on
the tissue concentration.  In vitro studies have

been used in setting doses for initial human
exposure to cancer therapeutics, but otherwise
are rarely used for dose setting because current
methods cannot extrapolate from the in vitro
concentration to the dose that must be given to
achieve similar effects in vivo.  Animal studies
may be used for initial dose setting for early
clinical studies, but these are usually not acute,
single-exposure studies.

4.1.3 U.S. National Toxicology Program
(NTP)

The Breakout Group also heard a presentation
(from Dr. Rajendra Chhabra) on the use of acute
oral toxicity data by the National Toxicology
Program (NTP).  The NTP does not find it
necessary to use acute studies to set doses for
subchronic studies; instead, researchers go
directly to 14- or 90-day studies.  If there are
sufficient data on the chemical of interest, then
they are often able to avoid a 14-day study.
The results of 90-day studies in rodents are used
to set doses for chronic studies and also to
determine what specific types of additional
studies may be needed (i.e., reproductive,
cancer, neurotoxicology, etc.).  To facilitate
decision making and reduction of animal use,
the NTP adds several endpoints to the 90-day
study including sperm morphology,
immunotoxicology, neurotoxicology, and a
micronucleus test.

The NTP is evaluating a battery of in vitro tests
that might reduce the need for 14-day dermal
toxicity studies.  The tests include:

• The bovine corneal opacity test;
• The skin permeability assays;
• The EpiDerm™ model for dermal

irritation/corrosivity;
• A neutral red uptake (NRU) assay for

systemic toxicity;
• A primary rat hepatocyte assay for

hepatic toxicity.  

Five chemicals have been tested in this battery.
The 14-day in vivo rodent study costs about
$150,000, uses 120 animals, and takes about six
months to perform.  An accurate battery of in
vitro tests would be less expensive in both time
and cost.
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4.1.4 Initial Considerations

The Breakout Group agreed for the purposes of
this exercise to define acute toxicity as “toxicity
occurring within 14 days of a single exposure or
multiple exposures within 24 hours”.  For
evaluating chemicals for acute toxicity, the
Breakout Group identified the following major
organ systems as the ones that need to be
considered:

• Liver;
• Central nervous system;
• Kidney;
• Heart;
• Hematopoietic system;
• Lung.  

Damage significant enough to cause death can
occur to these systems after a single acute
exposure.  The Breakout Group recognized that
local effects of xenobiotics on the skin,
gastrointestinal tract, and eye may also be
important, but agreed to focus on systemic
effects rather than local effects.  The Breakout
Group also recognized that the developing
embryo may suffer serious, even lethal,
consequences after a single acute exposure to a
xenobiotic.  However, the Breakout Group felt
these effects are adequately evaluated by the
standard battery of tests for reproductive and
developmental effects and do not need to be
included as part of an in vitro battery to replace
the acute toxicity tests.

The Breakout Group discussed the use of rodent
cell cultures as the basis of in vitro tests to
predict acute toxicity.  The work of Ekwall
(Ekwall et al., 2000) indicates that for general
cytotoxicity cells of human origin correlate best
with human acute lethal blood concentrations.
There are well recognized species differences in
response to many classes of xenobiotics that
must be taken into account as systems are
developed to predict effects specific to
individual organ systems.  Considering the
species differences currently recognized and
other differences that might not yet be
identified, the Breakout Group recommends that
every effort should be made to use human-
derived cells and tissues, preferably normal, as
the basis for in vitro assays since data from the

in vitro studies will ultimately be used to predict
toxicity in humans.

4.2 Review of a Proposed Screen to
Elucidate Mechanism of Injury

The Breakout Group examined specific
endpoints or organ systems.  Both in vivo and in
vitro systems are used extensively in industry
and academia to aid in the understanding and
prediction of mechanisms of toxicity.  The
review attempted to highlight situations where
in vitro studies provide information at least as
useful and often more useful than in vivo studies
and to identify areas where further research is
needed before in vitro techniques will be able to
replace whole animal studies.  

The Breakout Group first reviewed a program
using eight different normal, human epithelial
cell lines or primary cells for initial toxicity
screening to elucidate mechanisms of injury by
measuring comparative tissue-specific
cytotoxicity of cancer preventive agents
(Elmore, 2000; Elmore, in press).  Tissue-
specific cytotoxicity was assessed using cell
proliferation at three days and five days,
mitochondrial function, and PCNA or albumin
synthesis (hepatocytes only) as endpoints.  The
cells used were early passage cell lines following
cryopreservation or were primary cultures
(hepatocytes) and included liver, skin, prostate,
renal, bronchial, oral mucosa, cervix, and
mammary tissues.

The results suggest that different chemicals
induced unique tissue-specific patterns of
toxicity.  Changes in toxicity following three
and five day exposures provide additional
information on both delayed toxicity and the
potential for recovery.  Confirmation of the
predictive trends was confirmed with several
agents in keratinocytes using 14-day cultures
with multiple exposures.  Ongoing studies will
compare the in vitro  data with blood levels from
preclinical animal studies, and plasma levels and
observed side effects from clinical trials.

4.3 In Vitro Methods for Determination
of Acute Liver Toxicity

Adequate liver function is critical to the survival
of an organism.  The liver is at high risk for
injury because it is actively involved in
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metabolizing xenobiotics, and because the liver
is exposed first to materials absorbed from the
gastrointestinal tract.  The liver also excretes
many materials via the bile and this puts the
biliary system at risk for toxicity as well.  For
these reasons, one of the highest priority needs
is for a test system that can accurately evaluate
the effects of xenobiotics on the liver.  Test
systems need to be able to assess both the
potential for hepatic toxicity and whether the
liver will be able to metabolize the test chemical
either to a more or less toxic moiety.
Xenobiotics may also affect the biliary tract,
and an in vitro system to investigate these
effects will also be needed.

4.3.1 Available Non-Animal Models

Available non-animal models include
metabolically competent animal or human liver
cells.  Such cells have been cryopreserved and
cryopreserved human cells are available
commercially.  The cells of human origin have
a short life span, but they can be obtained with
certain well-characterized metabolic profiles
including specific active P450 systems.
Immortalized human cell lines, some of which
have been transfected to express specific
recombinant phase I or II enzymes are also
available, but most cell lines are limited to
expressing only one enzyme.  

Assessment of the potential for hepatic
metabolism is possible using isolated
hepatocytes (Cross and Bayliss, 2000;
Guillouzo, 1997) and cell lines.  Liver
microsomes are used in high throughput
screening assay systems to determine the extent
of metabolism of a parent compound.  Whole
liver homogenates, subcellular fractions, and
liver slices are also commonly used in basic
research on hepatic function and toxicology
(Guillouzo, 1998; Parrish, et al., 1995; Ulrich et
al., 1995; Waring and Ulrich, 2000).  A report
on the ECVAM Workshop on the Use of Tissue
Slices for Pharmacotoxicology Studies includes a
comprehensive review of the use of liver slices
in toxicology (Bach et al., 1996).  These
systems can be robust, but the supply of human
liver tissue is limited and is decreasing as more
donor liver is being used for transplantation

Recently, more complex systems have been
developed in an attempt to better mimic

hepatic function.  Cell culture techniques that
involve sandwiching liver cells between layers of
collagen can be used to study induction of
metabolic function, but it is difficult to examine
the hepatocytes after treatment because of the
collagen in the system.  Liver cells can also be
cultured as small compact spheres of cells.  As
these spheroids grow, they tend to become
necrotic in the center so their usefulness in
toxicology needs to be established.  

There have been some attempts to develop in
vitro systems to study effects on biliary
function.  A couplet system made up of two
hepatocytes with bile canaliculi attached has
been described.  This system is very labor
intensive and currently would not be viable as a
routine test system but is useful as a way to
study mechanisms of cholestasis.  In addition,
liver fibroblasts can be cultured for the study of
mechanism of hepatic cirrhosis.

4.3.2 Specific Endpoint Measurements

As in vitro systems for hepatic function are
developed to replace animals in acute toxicity
studies, the specific endpoints which should be
considered are changes in enzyme systems,
membrane damage, changes in mitochondrial
function, changes in albumin synthesis, and
possibly cell detachment.  It will be important
to identify systems that express the most
important metabolic systems present in normal
human liver.  The Breakout Group discussed the
need for multiple cell lines to represent the
known diversity of enzyme systems expressed
by the human population.  While such systems
are very useful in drug development, the
Breakout Group recognized that this degree of
sophistication is not available with the current
in vivo systems and should not be required for a
replacement system for acute toxicity.

4.3.3 Future Needs

Future work in the area of hepatic toxicology
will depend upon the development of more
robust models that are as metabolically
competent as mature human hepatocytes in
vivo.  Pharmaceutical companies are currently
using in vitro assays of hepatic function for
screening new drugs and as their methods
become more readily available, they may be
useful in acute toxicity testing.  An ILSI HESI
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Genomics Subcommittee is assessing changes in
gene expression that occur in response to
several prototypic chemicals, including
hepatotoxicants, and will be attempting to
correlate the gene expression changes with
changes in various biological and toxicological
parameters.

Two methodological issues need to be addressed
as in vitro methods are developed and evaluated.
First, when culturing liver cells, it is vital that
the cells are constantly monitored to ensure
they are still expressing the desired
characteristics and this monitoring must be built
into protocols.  Second, there is considerable
variability in enzyme function between cells
from different individual donors, and for
toxicity testing it will be necessary to agree
upon the cell characteristics needed for an
appropriate test system that will best represent
the overall human population.  

There is a high-priority need to develop a
system for regulatory use that will be able to
recognize which compounds the liver will
metabolize to another compound or
compounds.  To replace whole animal, systems
must be devised that can also determine the
effect of the product or products of hepatic
metabolism on other organ systems in a dose
responsive manner.  

There is a need for a worldwide database
comparing human in vitro and in vivo data for
hepatic toxicity.  Scientists attempting to
develop hepatic systems for toxicity testing are
encouraged to share methodology and cell lines.
Collaboration among laboratories would increase
the pace of research and avoid development of
multiple and competing test methods.

4.4 In Vitro Methods for the
Determination of Acute Central
Nervous System (CNS) Toxicity

Neurotoxic effects after a single dose are often
expressed as either overall CNS depression
resulting in sedation, or excitation, generating
seizures or convulsions.  The molecular
mechanisms for these states may be related to
very specific toxicant-target interaction, or the
targets may be general for all cell types but are
involved in critical functions in neurons.
Because CNS effects can lead to acute lethality,

a neurotoxicological screen should be performed
when certain criteria in the tiered test battery,
as described in Section 4.10.1, have been
fulfilled.  Briefly, the steps are physico-
chemical or other information indicating that
the toxicant can pass the BBB, low basal
cytotoxicity (high EC20 or EC50 values) in
non-neuronal cells, low hepatotoxicity, and no
evidence of impaired energy metabolism at non-
cytotoxic conditions.  If these initial criteria are
fulfilled, investigations of the neurotoxic
potential of the test material must be carried
out.  The cellular targets can be either general
or very specific functions.

4.4.1 Important General Cellular Functions
for CNS Toxicity

Examples of important general cellular
functions that upon impairment may cause
severe brain damage after acute exposure are
decreases in resting cell membrane potential,
increases in intracellular free calcium
concentration ([Ca2+]i), and formation of free
radicals and reactive oxygen species (ROS).
Cytotoxicity may, eventually, occur as a result
of severe insult to these cellular functions.  In
some cases, astrocytes are the immediate target
and the toxic reaction may appear as astrocyte
activation and formation of neurotoxic
cytokines.  An early marker for acute astrocyte
activation is increased glial fibrillary acidic
protein (GFAP) expression.

4.4.1.1 General Endpoints

Endpoints that can be assessed include cell
membrane potential, increased [Ca2+]i, and free
radical formation that can easily be measured by
fluorescent probes or by simple
spectrophotometry.  Cytokines and GFAP
levels can be determined by immunochemical
techniques, such as ELISA, or by mRNA
quantification (e.g., in situ hybridization, RT-
PCR, or gene array analysis).  Most assays can
be performed on adherent cells in microtitre
plates, which make them useful for high
throughput screening.

4.4.1.2 Cell Models for General Functions

Several cell models are available.  General cell
functions can be studied in cell types that
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possess a near normal cell membrane potential
and aerobic energy metabolism.  Certain
differentiated human neuroblastoma cell lines,
such as SH-SY5Y, fulfill these criteria and are
easy to obtain, culture, and differentiate.
Human brain neural progenitor cell lines (e.g.,
NHNP and NT2) are now widely available.  The
NHNP cell line has the advantage that in culture
it differentiates into a mixture of neurons and
glia.  It can be passed through numerous
passages and forms spheroids in suspension
(Svendsen et al., 1997).  Glial cell lines are
generally poorly differentiated even though
there are reports of some GFAP-expressing
human cell lines (Izumi et al., 1994; Matsumura
and Kawamoto, 1994).  Rat glioma 9L cells
have been reported to manifest astrogliosis
upon chemical exposure (Malhotra et al.,
1997).  Nevertheless, primary rat astrocyte
cultures are used in most studies on astrocyte
activation.

4.4.2 Important Specific Functions for CNS
Toxicity

Specific functions can be measured by assessing
neuronal targets that will cause acute CNS
depression or excitation if their functions are
impaired.  These functions are voltage operated
Na+, K+, and Ca2+ channels and the ionotropic
glutamate NMDA, GABAA, and nicotinergic
acetylcholine (nACh) receptors.  Furthermore,
severe intoxication may occur after acute
exposure to cholinesterase inhibitors.  Besides
the acute effect on cholinesterase function,
delayed neuropathy may also be evident after a
single dose.

4.4.2.1 Specific Endpoints

Ion fluxes over the cellular membrane can be
estimated by using various ion-selective
fluorescent probes.  However, upon stimulation,
effects on ion channels or receptors change the
net membrane potential.  Eventually, this will
result in altered Ca2+ -fluxes and [Ca2+]i, which in
turn will affect transmitter release.  Therefore,
effects of toxicants on receptor and ion channel
functions may be detected as increased or
decreased [Ca2+]i (Forsby et al., 1995) or
neurotransmitter release (Andres et al., 1997;
Nakamura et al., 2000; Smith and Hainsworth,
1998; Wade et al., 1998).  The effects may be

evident directly by the toxicant itself, but also
after applied stimuli such as potassium-evoked
cell membrane depolarization, possibly in the
presence of receptor agonists.  Acetylcholine
esterase (AChE) activity in neuronal cells can
be measured in differentiated cells such as SH-
SY5Y cells.  Evaluating changes in the ratio
between AChE and neuropathy target esterase
(NTE) has been proposed as a method for
estimating the risk for delayed neuropathy
(Ehrich et al., 1997).

4.4.2.2 Cell Models for Specific CNS Functions

Cell models for studies on specific CNS
functions should be of human origin, mainly
because certain enzyme structures and receptor
sub-unit expressions differ among different
species.  Furthermore, the level of cellular
differentiation is crucial.  The cell lines must, in
most cases, be treated with differentiating
agents such as retinoic acid to express features
of normal, adult neurons.  Cells that are
transfected with genes expressing specific
receptor and ion channel proteins can also be
useful for studies on specific functions.

One example of non-primary neuronal cells is
the human neuronal progenitor NT2 cells
derived from a teratocarcinoma.  The NT2 cells
can be terminally differentiated to NT2-N cells
after treatment with retinoic acid and mitosis-
arresting agents after months in culture.  NT2-
N cells express functional NMDA and GABAA

receptors (Younkin et al., 1993; Munir et al.,
1996; Neelands et al., 1998).  The previously
cited NHNP neural human brain progenitor cell
line could also serve as an important model
system for neurotoxicity screening (Svendsen et
al., 1997).  It is not as well characterized as the
NT2 line but deserves investigation.
Alternatives to NT2-N may be native or
differentiated human neuroblastoma cell lines
(e.g., SH-SY5Y, IMR32 and CPH100).
However, their receptor sub-unit expression and
receptor function may vary from normal
receptors present in adult brain tissue.

Co-cultures of neuronal and glial cells may be
used for studies on interactions between neurons
and glia cells.  For instance, NT2 cells
differentiate and establish functional synapses
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when they are cultured on astrocytes (Hartely et
al., 1999).  Upon differentiation, the NHNP
cell line cultures contain a mixture of astrocytes
and neurons varying in ratio from 1:9 to 2:3.
In suspension, the NHNP cells form spheroids
(see Clonetics web site).  Reaggregated
embryonic brain cultures have been
recommended for screening of neurotoxic
compounds (Atterwill, 1994) but significant
further work on this promising model is needed
before it can be used as a standard test method.

4.4.3 Future Needs

Some endpoints, assays, and cell models for the
more general endpoints have been studied and
used extensively, which make them ready for
formal validation.  However, most assays and
cell models determining effects on special
functions still need significant basic research
before they will be useful in screening systems.

4.5 In Vitro Methods to Assess Blood-
Brain Barrier (BBB) Function

The CNS is dependent on a very stable internal
environment.  The BBB helps maintain this
stable environment by regulating all uptake into
and release from the brain of substances
involved in CNS metabolism.  The barrier acts
as a functional interface between the blood and
the brain, rather than as a true barrier, and this
function is localized to the brain capillary
endothelial cells.  These cells differ from
endothelial cells in other organs in that they
form tight junctions.  They have a higher
turnover of energy and thus contain numerous
mitochondria; they have a low endocytotic
activity.  Furthermore, they express specific
transport proteins and enzymes.  Water, gases,
and lipid-soluble substances may pass the BBB
by simple diffusion whereas glucose,
monocarboxylic acids, neutral and basic amino
acids, and choline are taken up from the blood
by active processes.  Ions pass the BBB very
slowly and proteins generally not at all.  Weak
organic acids, halides, and potassium ions are
actively transported out of the CNS.

From a toxicological viewpoint, three aspects
of the BBB are of interest: (a) the BBB
regulates uptake and release of endogenous
substances and also xenobiotics, (b) toxic
substances may interfere with the structural and

functional properties of the BBB, and (c)
certain parts of the CNS (e.g., areas in the
hypothalamus and the choroid plexa), have
poorly developed BBB functions.  The latter is
also true for all parts of the embryonic and
juvenile brains.

Several authors and working parties have
identified the need for a reliable in vitro model
of BBB functions as being essential for the
development of alternative methods for use in
tests of acute systemic toxicity, neurotoxicity,
and in drug development (Balls and Walum,
1999; Ekwall et al., 1999; Janigro et al., 1999;
the ECVAM workshop on In Vitro
Neurotoxicity [Atterwill et al., 1994], the
ECVAM Neurotoxicity Task Force, [1996,
unpublished], and the BTS Working Party
Report on In Vitro Toxicology, [Combes and
Earl, 1999]).  ECVAM is currently supporting a
prevalidation study of in vitro models for the
BBB.  The study largely follows the
recommendations published by Garberg (1998).

4.5.1 Endpoints for Acute Toxic Effects

For acute toxic effects, there are two endpoints
for toxic insult to the blood brain barrier:  (a)
partial or complete breakdown of the barrier
function (i.e., effects on the ability of the BBB
to exclude endogenous and exogenous
substances) and (b) changes in the specific
transport capacity of the BBB.  There is a need
to measure the ability of the normal BBB to
transport toxicants into or out of the brain.

4.5.2 Models

Models currently being assessed in the ECVAM-
sponsored prevalidation study include:

• Immortalized endothelial cell lines of
both human and animal origin;

• Primary bovine endothelial cells co-
cultured with glial cells;

• Barrier-forming continuous cell lines of
non-endothelial origin.

Preliminary results from the ECVAM
prevalidation study, as well as previously
published results, show that the rate of
penetration of compounds that pass the BBB by
simple diffusion can be estimated by the



In Vitro Methods for Organ-Specific Toxicity

70

determination of log P, or by the use of any cell
system that forms a barrier (e.g., MDCK or
CaCo2 cells).  This means that the distribution
of lipophilic compounds over the BBB can be
determined simply, and that the first aspect of
acute toxic effects (i.e., impairment of the
barrier function [see above]) can be studied in
continuous cell lines, provided they are able to
form tight junctions.  

With respect to the second endpoint,
impairment of the transporter functions and the
transport-mediated brain uptake, the situation is
different.  The modeling of these features of the
BBB ideally requires an in vitro system with a
high degree of differentiation, including the
significant expression of all transporter proteins
representing species-specific properties.  At
present, this can only be achieved in primary
cultures of brain endothelial cells co-cultured
with brain glial cells.

A model presented by Stanness et al. (1997)
shows development of a dynamic, tri-
dimensional in vitro culture system (DIV-BBB)
that mimics the in vivo BBB phenotype more
closely than other models in use.  In this
system, cerebral endothelial cells are cultured in
the presence of astrocytes using a hollow fiber
technique.  The fiber cartridge, representing
artificial capillaries, is exposed to a luminal
pulsatile flow of medium.  Although a very good
model for the in vivo situation, the DIV-BBB
model may be too resource intensive to be of
practical use in a screening situation.

4.6 In Vitro Systems to Study Kidney
Toxicity

The major effect seen in the kidney after acute
exposure to a nephrotoxin is acute tubular
necrosis.  In approximately 90% of the cases,
the changes are seen in the proximal tubular
cells (proximal to the convoluted tubules).
These cells have high metabolic activity and a
significant concentrating function, both of
which put them at increased risk for damage.
There are a much smaller number of substances
that are toxic to the distal tubular cells.  While
acute toxicity in tubular cells is highly
significant and can be fatal, it is important to
recognize that these cells have great
regenerative capacity and with adequate

treatment and time will repopulate and replace
the destroyed cells.  

There are a few substances that cause direct
glomerular damage which is more serious
because glomerular damage is permanent
resulting in the loss of the affected nephron.
Although the kidney has a considerable reserve
capacity of nephrons, it is important to
understand the effects of a reduction of this
reserve capacity particularly in individuals, such
as the elderly, who may already have a reduced
number of nephrons.

A comprehensive review of the use of in vitro
systems to assess nephrotoxicity has been
completed by ECVAM and was used as the basis
for the discussion (Hawksworth et al., 1995).  In
vitro systems will need to utilize metabolically
competent kidney tubular cells.  This should not
be as difficult as liver systems since much is
known about the metabolic function of renal
tubular cells, and there does not appear to be
significant variability between individuals.  In
addition to direct cytotoxicity, in vitro systems
must be able to evaluate the barrier function of
the kidney.  A system to assess this parameter is
currently being studied in Europe, with support
from ECVAM.  In addition, in vitro systems
may need to assess transport functions.  At this
time it is not clear how important these
functions are in acute toxicity.  It is also not
known how much variability exists in these
functions from one individual to another.  The
specific transport functions are not completely
characterized and more basic research is needed
before test systems can be developed.  

It is possible to measure kidney function in a
non-invasive fashion in humans who are
exposed to low levels of xenobiotics, for
instance, in occupational exposures.  It would be
valuable to evaluate the correlation of the
results from in vitro toxicity tests with
information from humans.   

4.7 In Vitro Methods to Assess
Cardiotoxicity

Cardiovascular toxicity can result from
excessive accumulation of toxic chemicals
within the tissue, cardiovascular-specific
bioactivation of protoxicants, and/or chemical
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interference with specialized cellular functions.
Because a cardiotoxic insult interferes with the
ability of the heart to pump blood through the
vasculature, blood flow to major organs is often
compromised.  Vascular toxicities are often
characterized by slow onsets and long latency
periods and are not usually important in acute
toxicity; however, changes in arterial pressure
and blood flow control may be significant in
acute effects.  

The pathogenesis of cardiovascular injury often
involves the elucidation of oxidative
mechanisms and many cardiovascular disorders
are characterized by loss of redox homeostasis.
The central role for oxidant mechanisms is
consistent with studies which show evidence of
beneficial effects of antioxidants provided to
patients with coronary heart disease (Napoli,
1997).  The vascular production of reactive
oxygen metabolites increases substantially in
disease states (Harrison, 1997).  Links between
cardiovascular and cerebro-vascular disorders
have also been established.  During periods of
emotional stress, adrenaline toxicity to vascular
endothelial cells may involve its deamination by
monoamine oxidase A to form methylamine, a
product further deaminated by semicarbazide-
sensitive amine oxidase to formaldehyde,
hydrogen peroxide, and ammonia (Yu et al.,
1997).

4.7.1 Perfused Organ Preparations

Perfused organ preparations are currently the
most representative of the in vivo situation.
Aortic preparations are most preferred; they
can be readily excised, perfused, and super-
perfused with appropriate buffers, (Crass et al.,
1988).  Perfused preparations are advantageous
because they retain the level of structural
organization found in vivo.   Toxin-induced
changes in physiologic/pharmacologic
sensitivity and changes in excitability and/or
contractility can be readily evaluated.  The
biological actions of nitric oxide, a soluble gas
synthesized by the endothelium, was first
discovered using perfused preparations.  Because
perfused organ preparations require harvesting
fresh tissue, better methods are still needed.  In
addition, significant limitations of perfused
preparations in toxicity testing include the
small number of replicates that can be
processed, the time required for isolation, and

the provision that the system can only be used
for short periods of time because of rapid loss of
viability.  Parameters measured include: (a) time
to peak tension, (b) maximal rate of tension
development, and (c) tension development.
Oxygen concentration of the perfusate provides
an index of myocardial oxygen consumption.
Pin electrodes can be used to obtain
electrocardiographic readings.  Measurements of
contractility and stress development can be used
to evaluate effects of drugs and chemicals.

4.7.2 Isolated Muscle Preparations

Isolated muscle preparations consisting of strips
of atrial, ventricular or papillary muscles (Foex,
1988), or segments from vascular beds (Hester
and Ramos, 1991) can be super-perfused with
oxygenated physiologic solutions for
measurements of tension development.  The
pre-load and after-load placed on the tissue can
be controlled accurately to evaluate isometric
force development, isotonic force development,
and quick-release contractions.  Oxygenation of
the tissue is a function of diffusion, and the
thickness of the strips and oxygen
concentration in the solution bath must be
carefully monitored.  The stability of these
muscle strips is limited to short time periods.
Because many preparations can be made from
each animal, these systems use less numbers of
animals than perfused organ preparations.  

Isolated preparations have been used to examine
the angiotoxic effects of ethanol (Rhee et al.,
1995), acetaldehyde (Brown and Savage, 1996),
palytoxin (Taylor et al., 1995), and cadmium
(Ozdem and Ogutman, 1997).  Regional
differences in physiologic and pharmacologic
responsiveness must be considered in developing
strategies that examine vasculotoxic responses.
Aortic rings exhibit higher sensitivity to
norepinephrine than mesenteric artery rings,
while the reverse effects are found with
serotonin.  However, no differences in
sensitivity to KCl and CaCl2 were observed
(Adegunolye and Sofola, 1997).  Differences
between the two vessels appear dependent on
agonist ability to mobilize calcium from
intracellular stores.
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4.7.3 Organ Culture Preparations
    

Organ culture preparations offer long-term
stability as compared to other in vitro
preparations.  Whole fetal hearts from mice and
chicks have allowed the study of processes
associated with myocardial cell injury (Ingwall
et al., 1975; Speralakis and Shigenoubu, 1974).
Organ-cultured blood vessels have led to
elucidation of structural/functional relationships
of the vessel wall matrix (Koo and Gottlieb,
1992).  However, organ culture of rat aortic
rings results in significant loss of contractile
responsiveness to different agonists within 24
hour (Wang et al., 1997).

4.7.4 Tissue Slice Preparations

Tissue slice preparations of cardiac tissue have
been characterized as models to evaluate
toxicity of xenobiotics (Gandolfi et al., 1995)
and could be useful in toxicity testing
applications (Parrish et al., 1995).

4.7.5 Single-Cell Suspensions

Single-cell suspensions of embryonic or
neonatal cells that are derived from ventricular,
atrial, or whole heart tissue can be easily
prepared by enzymatic and/or mechanical
dissociation of the tissues.  Adult hearts can also
be dissociated by a modified recirculating
Langerdorff perfusion that yields a large
proportion of cells which remain rod shaped and
are quiescent in medium containing physiologic
calcium levels (Piper et al., 1982).  The
anatomic distribution of cells within the walls of
large and medium-sized mammalian vessels
facilitates the isolation of relatively pure
suspensions of fibroblastic, endothelial, or
smooth muscle cells.  In contrast to cardiac
preparations, vascular cells from embryonic,
neonatal, and adult vessels can be efficiently
isolated in calcium- and magnesium-containing
solutions.

Myocardial cell suspensions represent a
heterogeneous population of muscle and non-
muscle cells.  Neonatal myocytes are
remarkably resistant to injury and exhibit
variable degrees of beating shortly after
isolation.  In contrast, spontaneous beating of
adult cardiac myocytes is thought to be due to
uncontrolled leakage of calcium through a

permeable plasma membrane.  Adult cardiac
myocytes are mechanically at rest when
properly isolated suggesting that functional
differences in regulation exist between adult and
neonatal cells.  Isolated cells can be
microinjected with fluorescent dyes for the
assessment of multiple cellular functions
following exposure to toxic chemicals.  The
viability of cells in suspension decreases rapidly
as a function of time.  Investigators rarely use
these cell suspensions for more than four hours.

Changes in cell function or contractility can be
assessed using these models.  Because heart
failure, in some instances, is characterized by
contractile dysfunction of the myocardium and
elevated sympathetic activity, cell function or
contractility is of concern (Satoh et al., 2000).
It has been demonstrated that adult rat
ventricular myocytes in culture show signs of
decreased contractility when exposed to
adrenergic stimulation by norepinephrine +
propanolol for 48 hours.  This result seemed to
be due to decreased Ca (2+)-ATPase.
Consequently, sympathomimetic agents or
other chemicals that decrease Ca (2+)-ATPase
would have similar activity.  

A number of anthracycline antineoplastic
agents are known to cause cardiac cytotoxicity
that can be severe and often irreversible.
Doxorubicin and 4′-epirubicin significantly
depress myocyte contractility in isolated
neonatal and adult rat ventricular myocytes
(Chan et al., 1996) but the etiology of the
toxicity has not been determined definitively
(Sawyer et al., 1999).  The effect can be
assessed by visualizing the beating of the
myocytes (Jahangiri et al., 2000) or by
measuring calcium flux using fluorescent dyes
(Trollinger et al., 2000).  Cultured fetal chick
cardiac myocytes have also been used to study
the toxicity of hydrogen peroxide and certain
agents which can protect against such toxicity
(Horwitz et al., 1996).

4.7.6 Models Using Cell Lines

Cardiac cell lines are generally preferred for the
evaluation of chemical toxicity following
prolonged exposures or following multiple
challenges in vitro.  Primary cultures can be
established with relative ease from cell



In Vitro Methods for Organ-Specific Toxicity

73

suspensions of cardiac and vascular tissue.
However, they must be characterized at the
morphologic, ultrastructural, biochemical, and
functional levels before being used in
cytotoxicity testing applications because they
undergo variable degrees of dedifferentiation,
including loss of defined features and cell-
specific functions.  Vascular endothelial and
smooth muscle cultures can also be established
using explant methods, but the explant method
selects cells with a growth advantage.  Neonatal
and embryonic cells of cardiac origin proliferate
readily under appropriate in vitro conditions.
Although adult cardiac myocytes do not divide
in culture, the ability of cardiac myocytes to
divide is only repressed and not completely lost
(Barnes, 1988).  A human fetal cardiac myocyte
cell line was developed by transfection with the
SV40 large T antigen to stimulate myocardial
cell division, and many of the morphologic and
functional features of human fetal cardiac
myocytes were preserved (Wang et al., 1991).

4.7.7 Endpoints That Can Be Assessed In
Vitro

Flow cytometry and computerized evaluation of
cell images have added to toxicity evaluations
of cardiac myocytes.  Toxicity can also be
evaluated based on the arrhythmogenic
potential of chemicals (Aszalos et al., 1984).
Ionic homeostasis can be used as an index of
disturbances in the structural and functional
integrity of the plasma membrane.  Use of co-
cultures of myocytes and endothelial cells or
smooth muscle cells in the progression of the
toxic response emphasizes the importance of
cell-cell interactions (Saunders and D’Amore,
1992).

4.7.8 Future Research Needs

Vasculitis may need to be assessed by in vitro
methods.  It can be present in numerous forms
such as lymphocytic vasculitis and
leukocytoclastic vasculitis, the latter usually
affecting the skin (Gupta et al., 2000).  The
most common type of vasculitis is Giant cell
arteritis (Gonzalez-Gay et al, 2000), which
generally involves large and medium-sized blood
vessels.  Further work will be needed to identify
in vitro  systems to assess this endpoint.

Certain drugs have the potential to alter the QT
interval in the heart, producing ventricular
arrhythmias and it will be necessary to develop
systems to detect this effect.  Halofantrine, an
antimalarial drug, has been reported to produce
such effects, and some drugs have been
implicated in the sudden death of patients from
ventricular arrhythmias (Champeroux et al.,
2000).  In a review by Champeroux (2000),
different methodologies have been investigated
as possible ways of examining this potential --
in vitro  as well as in vivo.  These include isolated
cardiac tissues, Purkinje fibers, or papillary
muscles.  Wesche (2000) also used an isolated
perfused heart model and isolated ventricular
myocytes to determine potential cardiotoxicity
associated with antimalarial drugs (Wesche et
al., 2000).

A final important effect of acute exposure to
xenobiotics is aseptic shock, which is associated
with a fall in blood pressure.  This is a systemic
effect and no method of measuring or modeling
this effect in vitro could be identified at this
time.  Further work to elucidate the exact causes
of this effect may allow modeling of the change
in vitro.  

To the Breakout Group’s knowledge, none of
the cardiovascular toxicity models have been
validated.  After reviewing the literature, the
likely candidate in vitro systems for an acute
cardiotoxicity-testing scheme after chemical
exposure could include the following:

• Short-term single-cell suspensions of
adult rat myocytes to measure products
of oxidation;

• Primary cultures of neonatal myocytes
to measure changes in beating rates and
plasma membrane potentials;

• Co-culture of smooth muscle cells or
endothelial cells with macrophages, for
example, to examine rate of wound
healing (DNA synthesis);

• An immortalized cell line (e.g., the
human fetal cardiac myocyte line) to
measure classical cytotoxic endpoints.  

It also may be important to include the perfused
heart preparation, in spite of its limitations, for
a comparison with the other in vitro models,
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because this system is the most representative
of the in vivo situation.

4.8 In Vitro Methods to Study
Hematopoietic Toxicity

Hematopoietic toxicity issues were recently
reviewed by Gribaldo.  [Progress in the
Reduction, Refinement and Replacement of
Animal Experiments, ed.  M. Balls, A-M. van
Zeller & M.E. Halder, pp. 671-677. Elsevier,
Amsterdam, The Netherlands, 2000.]
Xenobiotics can affect both the production and
function of the various circulating cell
populations, as well as the circulatory system
that supports and helps maintain these cells.
Acute effects on blood itself can also include the
binding of materials to hemoglobin resulting in a
loss of oxygen carrying capacity and cell lysis.
Both of these latter endpoints should be easily
modeled by in vitro systems if exposure
conditions can be modeled.

During preclinical drug development it is often
important to determine the following:

• Whether a new agent will be clinically
toxic to the bone marrow cells;

• Whether the toxicity will be specific to
one cell lineage (lymphocytes,
neutrophils, megakaryocytes or
erythrocytes);

• At what dose or plasma level the drug
will be toxic;

• Which model best predicts the clinical
situation, and

• When the onset and nadir of cytopenia
and recovery will be likely to occur.  

Validated in vitro  tests using human cell systems
are particularly important in this area as the
prediction of human effects from animal
systems are unreliable and necessitate the use of
larger safety factors in human studies.  In vitro
colony-forming assays to study the growth and
differentiation of various hematopoietic cell
populations have been developed and perfected
over the last twenty years, but none have yet
been validated for use in regulatory toxicology
testing.  A validation study of the use of
colony-forming assays to test for the possible
development of neutropenia is being supported
by ECVAM.  Methods to assess effects on

thrombocytopoiesis and erythropoiesis are also
available and can be considered for validation.

Associated projects have been also been carried
out, such as the optimization of a protocol for
detecting apoptosis using FACS analysis with
fluorescent antibodies against Annexin V
(Vermes et al., 1995).  Using this assay, the
induction of apoptosis in established stromal
cells (SR-4897) (Pessina et al., 1997) and in
murine and human leukemia cells (WEHI-3B;
HL-60), following exposure to anti-neoplastic
agents, has been investigated in relation to the
cell cycle.  The relationship between these
observations and chromosome damage during
mitosis is under evaluation.  The drug
sensitivities of myeloid progenitors from fresh
murine bone marrow and from long-term
cultures have been investigated by many authors
including (Gribaldo et al., 1998a) as well as the
role of the microenvironment in the
modulation of anti-cancer drug activity (Pessina
et al., 1999; Gribaldo et al., 1999).

In the session on hematotoxicity at the 3rd
World Congress on Alternatives and Animal Use
in the Life Sciences, results were described for
possible new endpoints (Balls et al., 2000).  For
example, the toxic effects of drugs on the
proliferation of erythroblastic progenitors were
evaluated using human and murine progenitors
from long-term bone marrow cultures.  Two
kinds of tests were employed: (a) continuous
exposure of human cord blood cells (CBC) and
murine bone marrow cells (BMC) during the
assay, and (b) pretreatment of long-term murine
bone marrow cultures (for 24 hours and 96
hours), with subsequent testing of the
clonogenic capacity of progenitor cells
collected in the absence of the drug.  The classes
of drugs of interest in the study were: antivirals
(3’-azido-3’-deoxythymidine), antidiabetics
(chlorpropamide), and heme-analogous
compounds (protophorphirin IX/zinc [II]).  The
results indicate that all these drugs interfere with
the normal hematopoietic process, causing a
selective toxicity to the erythroid progenitors
via different mechanisms, and that human and
murine progenitors have similar drug
sensitivities.  Moreover, the drugs exerted
different toxicities based on the time of
exposure.
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Another aspect of hematotoxicology is in
relation to the use of in vitro colony assays to
support the risk assessment of industrial and
food chemicals and pesticides.  Some of these
chemicals and formulations may interfere with
the proliferative activity of the hematopoietic
tissue and cause myelosuppression (Gribaldo et
al., 1998b).  One of the major difficulties in
food toxicology is to establish the relationship
between the consumption of a food
contaminated by a toxin and the occurrence of
a particular pathology.  Clonogenic assays are a
useful tool for establishing this relationship and
for elucidating the mechanisms involved.

Three different clonogenic assays, with BFU-E
(Burst-forming unit – erythrocytes), CFU-GM
(Colony-forming unit granulocyte/macrophage),
and CFU-MK (Colony-forming unit –
megakaryocytes) cultures, have been used in
toxicological investigations to detect or to
confirm food-related hematotoxicity (Parent-
Massin, 2000).  By using these clonogenic
assays, it has been possible to determine:

• The origin of neutropenia and
hemorrhage induced by the consumption
of trichothecene mycotoxin;

• The safety of a new process for
manufacturing food additives;

• The mechanism of lead-induced
hematotoxicity;

• The myelotoxicity of phycotoxins
present in shellfish; and

• The risk to consumers and agricultural
workers of hematological problems
caused by pesticides (Parent-Massin and
Thouvenot, 1995, 1993).

ECVAM is providing financial and
organizational support to a new project on the
development and prevalidation of in vitro  assays
for the prediction of thrombocytopenia.  The
continuous maintenance of an adequate supply
of circulating platelets is essential for sustaining
life.  Since neither platelets nor megakaryocytes
are capable of regeneration, their production is
dependent on a continuous generative process
from self-replicating precursors.  The CFU-MK
is the progenitor cell thought to be immediately
responsible for the production of
megakaryocytes and is therefore being evaluated
for its ability to predict thrombocytopenia.

Drug effects are by far the most common cause
of platelet suppression in the bone marrow
(Miescher, 1980).  In many instances,
thrombocytopenia is the first evidence of drug-
induced toxicity, and continued administration
of the drug produces total aplasia.  Cytotoxic
agents, such as 5-fluorouracil, vincristine, and
cytosine arabinoside, cause perturbation of the
bone marrow, with changes within the
proliferating compartments, as well as effects
on the maturing cell pool.  In contrast, the
thiazide diuretics, estrogens, and alcohol appear
to have specific effects on platelet production.
In addition, solvents, including benzene,
insecticides (DDT, chlordane, lindane), spot
removers, and model airplane glue, have all been
associated with marrow-related
thrombocytopenia (Amess, 1993).

Following bone marrow transplantation, the
restoration of a normal platelet count occurs as
a result of a compensatory adjustment in
megakaryocytopoiesis (Vainchenker, 1995).
For these reasons, appropriate in vitro
endpoints for megakaryocytopoiesis that
correlate well with platelet levels in vivo should
be identified.  A preliminary study carried out in
ECVAM’s laboratories to optimize an in vitro
CFU-MK permitted a comparison of the
suitability and drug-sensitivities of human BMC
and CBC.  The percentage of enrichment in
CD34+/CD38- cells from both populations was
measured by using a negative selection system,
and their clonogenicity was evaluated.
Furthermore, the effects on megakaryocyte
colony formation of busulphan, a cytotoxic
drug, and the non-cytotoxic drugs, quinidine-
sulphate, D-penicillamine, sodium valproate,
and indomethacin were investigated by using
both the whole cell populations and selected
cells from the two sources.  The data analyses
confirmed the usefulness of the in vitro test as a
potential tool for screening drug toxicity to
megakaryocyte progenitors.  The in vitro test
showed that human CBC can be used as a human
target source, was more suitable for this
purpose, and provided a means of avoiding
ethical problems that exist in some countries
connected with the collection of human BMC.

Up until now, primary cells have been more-
reliable and more-relevant targets for
clonogenic assays than the immortalized cell



In Vitro Methods for Organ-Specific Toxicity

76

lines, but in the future, attempts should be made
to establish standardized cell populations for in
vitro tests, and in particular, for screening
purposes.  This may help to avoid the technical
problems related to the absence of primary cell
repositories, and to avoid the problem of inter-
individual variability of the donors, in terms of
drug sensitivity.  A future topic will be the
automated scoring of colonies in the clonogenic
assays, which will provide the opportunity to
refine the performance of the assays in terms of
accuracy and repeatability, and to reduce
personnel costs.

4.9 In Vitro Methods to Study
Respiratory System Toxicity

The lungs fulfill the vital function of
exchanging oxygen and carbon dioxide and a
secondary function of protecting the organism
from noxious or irritating inhaled stimuli.  As
such, the nasal and pulmonary airways represent
a crucial organ-system that is likely to debilitate
the organism if injured or irritated.  The airways
are particularly difficult to evaluate in in vitro
because of their complexity.  The following is a
discussion of relevant airway cells and target-
specific endpoints that should be considered in
an in vitro battery for target-specific acute
toxicity.

4.9.1 Cell Types

The tracheal-bronchial epithelial lining consists
of stratified epithelium and diverse populations
of other cell types including ciliated, secretory
(mucous, Clara, serous), and non-secretory cells.
The cells lining the airways may be represented
by various human cell lines such as CCL-30
(nasal septum) (Poliquin et al., 1985) and
BEAS-2B (bronchial-tracheal
epithelia/transformed) (Noah et al., 1991;
Reddel et al., 1988).  More distally, alveolar
Type II epithelia (A549) function in
conjunction with capillary endothelial cells for
O2:CO2 exchange in the lower alveolar regions.
This cell line can be used to show induction of
P450 enzymes such as 1A1, 1B1, and 3A5
(Hukkanen et al., 2000), and to assess mucin
production (Rose et al., 2000).  The H441 cell
line has been used in studies to evaluate toxicant
effects on surfactant production in vitro.
Various scavenger cells (alveolar macrophages)
are present to engulf microbiological or foreign

debris and destroy it.  Several human alveolar
macrophage cell lines exist which display the
oxidative burst in response to irritants and
biological debris (Marom et al., 1984).
Neutrophils and eosinophils function as cellular
sentinels of inflammation.

4.9.2 Endpoint Markers

A variety of endpoint markers valid for
pulmonary cytotoxicity and irritation are
available.  ELISA-based assays can be used to
quantitate many of these markers (e.g.,
cytokine, LDH), thus reducing the technical
investment.  The most useful markers will relate
to the basic mechanisms by which airway
epithelia respond to toxic exposure.  LDH, a
cytoplasmic enzyme released from damaged or
lysed cells, is useful as a general marker of
cytotoxicity.  Mucous glycoprotein stain is a
marker for alteration of mucous cells.  Other
possible endpoints include:

• Ciliary beat frequency (epithelial
viability and function);

• Attachment (viability);
• Electrical resistance (to measure the

integrity of the epithelial layer);
• Evans blue (to measure endothelial

leakage);
• IL-8, IL-6, and TNFa (cytokine

endpoints of inflammation).  

As in vitro systems are developed and evaluated,
biochemical markers of damage can be assayed
in the lavaged fluid and directly compared to
changes in similar markers in in vitro systems.
Like the kidney, utilization of these
comparisons will facilitate the development of
predictive in vitro  systems.

In vitro systems are available that can be used to
indicate chemical-induced cell damage/death.
The cells of the airways from animals or
humans are relatively accessible to brushing,
biopsy, and lavage, and therefore lend
themselves for harvesting and use as primary
cells (Larivee et al., 1990; Werle et al., 1994).
Lung slices have been investigated for use in
toxicology (Parrish, et al., 1995).  The most
useful markers are those that relate to the basic
mechanisms by which airway epithelia respond
to toxic exposure.  However, most assays and
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cell models determining effects on special
functions still need significant basic research
before they will be useful as screening systems.
The use of in vitro systems in respiratory
toxicology was a subject of an ECVAM
Workshop 18 (Lambre, et al. 1996).

4.10 Conclusions on the Use of In Vitro
Systems for Assessing Organ-
Specific Effects of Acute Exposure

There are significant ongoing advances in both
technology and our understanding of biology
that will have major effects on our ability to
predict whole-animal (or human) toxic effects
from non-whole animal model systems.  For
instance, toxicogenomics and proteonomics
provide rapid identification of early changes in
cells in vitro or from individual animals and
humans.  However, these systems are very early
in development and significant work will be
needed to understand how the changes seen
relate to whole animal toxicity, and particularly
which changes are the direct result of exposure
and which are due to secondary effects as the
cells and tissues react to the primary injury.
Because these systems appear to be very
sensitive, it will also be important to determine
how the assays can be used in the prediction of
dose-response information for toxicology.

In recognition of the possible importance of
advances in toxicogenomics to toxicology, the
Breakout Group recommends that some effort
be put toward preserving samples from animal
studies for future evaluation so as to avoid
having to repeat these studies at a future time.

It is very important that the proper quality
control procedures be built into any in vitro test
system developed for use in screening such as:

• Stability of the test material;
• Reactions of the test material with

plastic in culture dishes and laboratory
ware;

• Measurement(s) of test material
concentration in the test vehicle;

• Non-specific binding to proteins in the
culture medium;

• Reactive compounds;
• Ensuring that the cells reliably express

the necessary metabolic systems.  

Each individual test system will need to have a
complete, standardized protocol developed,
evaluated, and validated.  All test schemes that
are developed will then build on these validated
tests.  The prediction model for the entire
scheme may also need to be evaluated and
validated.

4.10.1 Proposed Scheme for Assessing Acute
Toxicity Using Non-Whole Animal
Methods

For the assessment of acute systemic toxicity
for the purposes of setting hazard and risk levels
for chemicals and products, data on specific
organ toxicity are usually not needed.  The need
is for a system to appropriately classify the
hazard of materials that may cause death after
acute exposure irrespective of the specific organ
damage.  For such a system, the routine use of
in vitro models to evaluate all possible organ
effects would be impractical from both a time
and money standpoint and evaluation of the
effects of xenobiotics on specific organ
function is not included in the current assays for
acute toxicity.  Current acute toxicity assay
systems utilize young adult animals, often of
only one sex, and only recognize observable
effects within 14 days.  Currently standard
assays do not evaluate effects in different sub-
populations or the long-term effects of single
acute exposures.

Acute toxicity assays are primarily used to
predict the toxicity of materials to humans.
For this reason, where species differences are
known, the Breakout Group recommends that
screening systems be developed that will predict
effects in humans.  

Breakout Group 3 discussed what additional
assay systems would be required, in addition to
the basic cytotoxicity assay discussed by
Breakout Group 1, in order to replace the
current acute oral toxicity assays for regulatory
purposes.  Breakout Group 3 developed a
stepwise approach to address those effects
identified in the discussions of the specific organ
systems that were highly relevant to the
prediction of acute toxicity and would not be
elucidated by a simple basal cytotoxicity test.
This scheme is shown in Figure 4.1.  The
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scheme includes a process for determining when
additional specific effects need be evaluated, and
gives some guidance on how to do so.  The

scheme includes steps proposed earlier by a
expert workshop hosted by ECVAM and by
Bjorn Ekwall in his series of papers.    

Physico-chemical
Characterization &

Initial Biokinetic Modeling

Basal Cytotoxicity
Assay

Determine
Metabolism-mediated

Toxicity

Assess Effects
on

Energy Metabolism

Assess Disruption of
Epithelial Cells

Barrier Function

AND

Step 1

Step 2

Step 3

Step 4 Step 5

Figure 4.1 Proposed scheme for assessing acute toxicity using non-animal methods

(1) Step 1

• Perform physico-chemical
characterization and initial
biokinetic modeling (BG2 output).
This information will be used for
comparison with chemicals with
similar structures or properties that
have existing toxicity data.  The
information may also be useful in
predicting organ distribution.  It

may be possible to accurately
predict the toxicity effects of some
chemicals from this step alone.

(2) Step 2

• Conduct a basal cytotoxicity assay
(BG1 output).

(3) Step 3
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Determine the potential that
metabolism will mediate the effect seen
in Step 2:

• Use HEPG2 cells transfected with
major metabolizing enzymes – at
this time at least four different cell
lines, each containing one of the
four major metabolic enzymes will
be needed.  A secondary, and
perhaps more relevant, possibility
would be to use metabolically
competent, primary human
hepatocytes, but cell lines would
allow a more standardized approach
for regulatory purposes.

• Both cytotoxicity and, ideally, some
measure of metabolism of the test
substance, must be determined,
either by detecting a decrease in the
parent compound or by some
method that directly detects
metabolites.

A. If the material is more
cytotoxic in the hepatocyte test
system compared to that
measured in Step 2, then assume
the compound is metabolized to
a toxic substance.  In this case,
the measure of cytotoxicity
would use the value obtained
from the metabolically active
system instead of the value
obtained in Step 2.

B. If the material is less cytotoxic
than seen in Step 2, then it is
assumed there is detoxification,
and in those exposure scenarios
where it can be shown the
materials will pass through the
liver before the rest of the body
is exposed (first pass effect) it
may be possible to reduce the
prediction of toxicity
accordingly.  

C. If the cytotoxicity is similar to
the basic cytotoxicity measured
in Step 2, then the possibility of
metabolite formation still must

be assessed to assure the
metabolite will not have an
effect on some other cells that
do not have the metabolic
capabilities of hepatocytes.  

1.  If there is no evidence of
metabolism then the value
used in Step 2 can be used.

2. If there is evidence of
metabolism, Step 2 must be
repeated after exposure to
the metabolite(s) either by
directly identifying the
metabolites and using them
in the system, or by some
other undetermined systems
such as co-cultures or
conditioned media; exact
protocols will need to be
determined.  The system
that is developed must be
able quantitatively asses the
effects of the initial
toxicant.  For instance,
according to Breakout Group
2, co-cultures will not enable
the biokinetic modelers to
predict systemic toxicity in
a quantitative manner.

(4) Step 4 (note: Steps 4 and 5 can be done
in either order)

• Assess the test substance effect on
energy metabolism by using a
neuronal cell line that expresses
good aerobic energy metabolism
function.  This system will help
determine if the nervous or
cardiovascular systems, both of
which require high-energy
metabolism, are likely target organs.

• The endpoints would be
measurement of energy metabolism
using a variety of specific probes of
energy change, or oxygen
consumption, or possibly
mitochondrial function.  The exact
endpoint needs to be determined.
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• If there is evidence of metabolism in
Step 3, these tests must be done with
both the parent compound and the
metabolite(s).

(5) Step 5 (note: Steps 4 and 5 can be done
in either order)

• Assess the ability of the compound
to disrupt epithelial cell barrier
function using a transepithelial
resistance assay across a membrane,
such as MDCK cells.  The endpoint
used could be dye leakage.  This
system will help in determining if
organs dependent on epithelial
barrier function for defense against
toxic insult (e.g., brain, kidney) are
likely target organs.

• If the compound causes disruption
of barrier function at a value lower
than the basal cytotoxicity, the
endpoint used in determining the
effect on the organism might need
to be lowered to take this into
consideration.  [Note: Barrier
disruption values will likely be lower
than those that cause basal
cytotoxicity.]

• If there is evidence of metabolism in
Step 3, this test must be done with
both the parent compound and the
metabolite(s).

Next Steps

Before this system can be evaluated for
implementation there is a need to:

• Identify the best cell culture systems
to use based on accuracy,
reproducibility, cost, and
availability;

• Develop complete protocols for all
the five steps and validate each
assay;

• Develop prediction models for the
prediction of relevant human toxic
levels as required by regulatory
agencies.  Prediction of No
Observed Adverse Effect Levels
(NOAELs) would be addressed at this
step;

• Evaluate the scheme with a number
of test compounds covering all
endpoints and then with enough
compounds to develop a prediction
model;

• Validate the entire scheme and
prediction model.

The Breakout Group recommends that this
work be done with the input and cooperation of
the regulatory agencies and industries who have
a need to use acute toxicity data in order to
ensure the final result will meet everyone’s
needs.
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5.0 CHEMICAL DATA SETS FOR
VALIDATION OF IN VITRO
TOXICITY TESTS

5.1 Introduction

Breakout Group 4 discussed the selection of
chemical data sets for validation of in vitro
toxicity tests .  The Breakout Group agreed that it
would not develop specific lists of chemicals but
would concentrate upon principles for the
development of a database of chemicals that could
be used in validation of individual tests or
prediction models, and strategies for selection of
the chemicals to be included in the database.
Primary database development will most likely
come from existing databases such as those
available at the U.S. EPA, FDA, NCI, NTP, DOT,
Galileo, Euclid, and others that are to be
identified.

In addition to establishing criteria for primary
database development, a set of criteria was
developed for selecting chemicals for subset
development.  The chemicals in the subsets will
be chosen from the primary database and will be
used to validate individual tests or prediction
models.  The primary assumption in establishing
criteria for subset development is that the purpose
and proposed use of the test, the endpoint
measured, the range of testable chemicals, and the
prediction model must be clearly defined before
chemical selection begins.  Criteria that were
considered important in selecting a set of
reference chemicals were developed, as well as a
set of fields considered relevant for the chemical
reference database.

Lastly, the Breakout Group assembled a list of
recommended actions that was divided into two
parts: one that was database specific and one that
was human toxicity specific.

5.2 Objectives

Before beginning a discussion of the primary
database development, the Breakout Group
defined some common points of reference and
some points of agreement that would serve as the

basis for discussions during the meeting.  These
are presented in the next sections.

5.2.1 Points of Reference

(1) The main function of the Breakout Group
was to develop a set of general principles
that would be useful for choosing test
chemicals for validation.

(2) The Breakout Group would attempt to
identify databases, and other sources that
contain the information necessary to
choose the test chemicals, and define their
uses and limitations.

(3) The Breakout Group agreed that it would
not identify specific chemicals or develop
lists of chemicals at this time.

5.2.2 Points of Agreement

In addition to the three reference points, several
items were set out by the Breakout Group to
ensure that all members understood the exact aim
of the discussion and their charge to the Breakout
Group.

(1) It was agreed that the aim of the Breakout
Group was to identify chemicals and
supporting chemical information that can
be used to validate replacement test(s) for
acute toxicity tests.

(2) The chemicals used to validate a
replacement test should cover the entire
range of responses of the LD50 values.
They should not be chosen to bracket just
the range of classification used in the
internationally agreed upon classification
scheme(s).

(3) In addition to covering the entire range of
responses, the chemicals chosen for use in
a validation study should be uniformly
distributed across that range, (i.e., there
should not be a preponderance of either
very toxic or non-toxic chemicals among
those used).

(4) Identification of “chemical classes” is
problematic.  The basis for classification
is the most significant issue.  There was
an unresolved discussion within the
Breakout Group as to whether
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classification should be done on the basis
of chemical structure or mechanism of
biological action.  There was some
discussion also about classifying
according to use, such as “pesticide” or
“food additive”.

(5) The Breakout Group agreed that it is not
necessary to be restricted to only one
classification scheme.  Chemicals could
be classified by structure and by
biological activity and/or use class.  The
classification approach would, by
necessity, vary according to the type of
test and its proposed uses.

(6) There are many public databases from
which to draw information.  These
databases contain chemicals of concern to
society.  Investigators may not need,
therefore, to use the proprietary databases
such as the U.S. EPA OPP pesticides
database or the FDA drug database to get
the information and identify chemicals for
use in tests for validation, but it would be
helpful if information from those
databases could be made available.

(7) There is a need for training sets of
chemicals that can be used for method
development, and validation sets of
chemicals that can be used for confirming
the predictive capacity of the tests.

(8) In selecting chemicals for use in
validation studies, investigators need to
consider the user community(ies) and
assure that chemicals are chosen that meet
their needs.

(9) The performance parameters of the in vivo
tests must be clearly defined prior to
chemical selection if the results of these
tests are to serve as a baseline for judging
success.

5.2.3 Definition of Responsibility

Breakout Group 4 defined its responsibility as
follows:

• To define what chemical data sets are
required for validation studies;

• To define the information to be included
as part of the data set;

• To identify existing resources;

• To recommend approaches for using
existing data sets;

• To recommend approaches for developing
new data sets.

The Breakout Group explored the possible use of
such databases as the HPV database, the U.S.
EPA pesticides database, the NTP chemical
database, the FDA database of drugs and food
additive chemicals, and the use of QSAR to
predict toxicity of chemicals.

5.3 Current Status: Discussions Regarding
the Use of the NTP and HPV
Databases, and the Use of QSAR

5.3.1 The NTP Database

The NTP chemicals were not tested for acute
toxicity and therefore no LD50 data were
developed.  However, many were tested in 90-day
studies, and some in 14-day studies, and these
have associated target-organ toxicity data, as do
the 2-year carcinogenicity studies.  This
information would be useful in validating in vitro
tests for target-organ toxicity. The NTP database
would be a useful component of any primary
database of chemicals for validation.

Both the U.S. EPA pesticides database and the
FDA drugs and food additive databases have
associated LD50 data of good quality.  However,
there was some question about the ultimate
accessibility of these data because of claims of
confidentiality by the sponsors.  Ease of access
was a concern even where the data are not
claimed to be confidential.  Access through the
Freedom of Information Act (FOIA) was
discussed as a possibility, but this is a slow
process and members of the Breakout Group
expressed the desire that sources of unencumbered
data should be used if they were available.  Also,
this approach may not provide the supporting
information deemed necessary by the Breakout
Group.

5.3.2 The HPV Database

There was a short presentation of the
classification of the chemicals that are part of the
HPV Program of the U.S. EPA OPPT.  Using only
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696 pure chemicals on the list and classifying
them according to chemical structure, a list of 45
chemical classes with from 4 to 72 chemicals per
class was developed.  This classification is based
solely upon chemical structure and each chemical
is assigned to one class only.  There is no
indication of how many of these chemicals fall
into more than one class.  There is also no
indication of which of these chemicals have LD50
data, the quality of these data where they exist, or
the range of responses that is covered.  Without
this information, it is impossible to tell which of
the HPV chemicals would be useful as validation
chemicals.  In addition, the chemicals on the HPV
list are primarily industrial chemicals and their
use as validation chemicals might not meet the
needs of all user communities.

5.3.3 QSAR Methods and Structure-Activity
Methods for Toxicity

QSAR methods can be applied to the problem of
developing models to predict toxicity endpoints or
toxic classes given sufficient quantity and quality
of data.

The basis for the prediction of toxicity from
chemical structure is that the properties of a
chemical are implicit in its molecular structure.
Biological activity can be expressed as a function
of partition and reactivity.  For a chemical to be
able to express its toxicity, it must be transported
from its site of administration to its site of action
and then it must bind to or react with its receptor
or target.  This process may also involve
metabolic transformation(s) of the chemical and
its metabolites.

The application of QSAR principles to the
prediction of the toxicity of new or untested
chemicals has been achieved in a number of
different ways and covers a wide range of
complexity.  The common feature of these
approaches is that their starting point is a
mechanistic hypothesis linking chemical structure
and/or functionality with the toxicological
endpoint of interest.  A number of such “in silico”
methodologies have also been applied with
varying degrees of success to the evaluation of
LD50 values and MTDs, and some are available

commercially (e.g., DEREK, MCASE, and
TOPKAT).

The prediction of toxicity from chemical structure
and physical properties can make a valuable
contribution to the reduction of animal usage in
the screening out of potentially toxic chemicals at
an early stage and in providing data for making
positive classifications of toxicity.  However, such
methods should also be validated, using protocols
similar to those described in these pages, so as to
assess their potential effectiveness in assessing
acute toxicity.

5.4 Identification of Needs

5.4.1 Selection of Test Chemicals for
Validation of In Vitro Tests

In the context of using in vitro  tests to replace or
reduce animal usage, the performance of an in
vitro test or an in silico test is assessed by its
capability of correctly predicting the in vivo
response.  However, it is unreasonable to expect
that the in vitro test will be able to predict the
result of an in vivo test with any more accuracy
than would a repeat in vivo test.

The assessment of any new test would be best
accomplished by selecting a series of reference
chemicals that cover the full range of responses,
from negative, to weak, to intermediate, to strong.
Selection of only strongly active chemicals will
not provide information on the discriminating
ability of a test, or its ability to detect the weakly
active chemicals.  The absence of chemicals
known to be inactive will not allow a
determination of the ability of the test to identify
chemicals without activity, or of the false positive
rate of the test.

5.4.2 Evaluating the Quality of Data Used to
Develop the Chemical Data Set

A major challenge facing researchers developing
either in vitro or in silico models is the sparse
availability of high quality data derived from
experiments with animals, or from human
monitoring studies and clinical reports.
Biological data which do not meet today's
stringent requirements of acceptability,
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particularly historical data generated prior to the
advent of standardized test guidelines, but which
are nevertheless of acceptable quality, can be used
to validate newly developed test methods.

The Breakout Group discussed the establishment
of a primary database from which sets of
chemicals could be drawn for use as validation
chemicals for specific tests or prediction models.
In addition to the need to establish criteria for
primary database development, a set of criteria for
selecting chemicals for subset development
should be developed.

5.5 Conclusions

5.5.1 Primary Assumption for Data Set
Development

The primary assumption in establishing criteria
for data set development is:

• The purpose and proposed use of the test,
the endpoint measured, the range of
testable chemicals, and the prediction
model must be clearly defined before
chemical selection begins.

Such information is used as the guide for choosing
the most appropriate materials for evaluating
whether or not the test method would satisfy its
proposed uses.

5.5.2 Criteria for Data Set Development

The following criteria were established for data
set development.

(1) The chemicals selected must be consistent
with the test protocol and its prediction
model.
• The chemicals selected must be

physically and chemically compatible
with the test system.

• The relevant chemical classes must be
included.
— The definition of chemical class

is context-specific.
— The developers of the test must

specify the parameters that define
the class.

— The chemicals must be
independently chosen.

(2) The toxicity must cover the range of
response with uniform distribution.

(3) The number of chemicals used in the
subset will depend on the nature of the
test and the questions being asked, and
should be determined with statistical
advice.

5.5.3 Primary Data Base Development

Primary database development will most likely
come from existing databases such as those
available at the EPA, FDA, NCI, NTP, DOT,
Galileo, Euclid, and others that are to be
identified.  As noted above, the more publicly
available the database, the easier it will be to
access the data.  The problem, of course, is quality
control of the data that goes into the database.
The two most important considerations in
assembling the primary set of reference chemicals
are: (a) in vivo data must be of high quality, cover
the range of response, and be uniformly
distributed over that range and (b) the chemicals
selected must be commercially available and their
specifications (including purity) must be
available.

The Breakout Group noted that there were some
unresolved questions surrounding the issue of
quality control.  The first concerned protocol and,
specifically, route of administration.  There was
some discussion about whether to accept tests
done by all routes of administration or to limit the
database to the oral route.  It was decided that oral
and inhalation routes were acceptable and that the
dermal route while important for some purposes,
was not of primary concern for most acute toxicity
studies.  However, the Breakout Group agreed,
that if data were available from all routes, such
data should be included in the database.

The Breakout Group agreed that, where possible,
the data used should be derived from generally
recognized test guidelines, such as those from the
U.S. EPA, OECD, ICH, etc., because data from
these guidelines carry a higher degree of
assurance than data from an undefined or novel
protocol.  An issue that was not resolved was
whether or not to require that the data used in the
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database be from a study done according to Good
Laboratory Practices (GLPs).

5.5.4 Criteria for Choosing Reference
Chemicals: Reference Test Data

The following criteria were considered of prime
importance in selecting a set of reference
chemicals.

(1) The reference data for the endpoint
predicted are available.

(2) The performance characteristics of the
reference test must be defined.
• Variation will be introduced by

protocol (including animal strain)
differences.

• Different agencies use different
protocols.

• The between-laboratory
reproducibility of the test must be
determined.

• The limitations of the reference test
must be known.

(3) The reference test data must be of high
quality.

(4) The protocol used must be available for
review.

(5) Generally accepted methods (e.g., OECD,
EPA, FDA, ICH guidelines) should have
been used to generate the data.

(6) Details of the study should be available
and ideally should satisfy ICCVAM and
ECVAM Submission Guidelines.

(7) Study has sufficient supporting
information.  Ideally, GLPs should have
been followed in study development.

(8) Other important considerations:
• The chemicals should be drawn from

a wide range of structural and use
classes.

• They should not be highly reactive,
corrosive, or controlled substances.

5.5.5 Database Fields

The Breakout Group defined some of the
information fields it considered relevant for the
chemical reference database.  These fields should
include information about the identity, purities,

and properties of the chemicals, and detailed
reference test data.

(1) Chemical Information
• Name and Chemical Abstract Service

(CAS) Number;
• Structure (coded, e.g., using

Simplified Molecular Input Line
Entry Specification [SMILES]
nomenclature);

• Physical chemical characteristics
(e.g., Kow, pKa, water solubility,
molecular weight., physical state);

• Purity;
• Chemical class (e.g., The

International Union of Pure and
Applied Chemistry [IUPAC] and
use).

 (2) Reference Test Data
• Specifications of chemical used in

reference test;
• Information concerning the protocol

used to generate the data;
• Endpoint value (e.g., LD50) and

variance term (e.g., confidence
interval), if available;

• Species, strain, sex;
• Route of exposure; duration of

exposure;
• Information needed by Breakout

Groups 2 and 3 should also be
included.

5.6 Recommended Actions

5.6.1 Rodent Toxicity Database

(1) A study should be undertaken of existing
databases to determine:
• The variation in the rodent LD50

introduced by differences in
protocols;

• The within- and between-laboratory
reproducibility of the rodent LD50
test and other acute toxicity tests that
will be used as reference tests.

 (2) An expert committee should be convened
that will assemble a reference set of test
chemicals from existing databases
according to the criteria specified.



Chemical Data Sets for Validation of In Vitro Cytotoxicity Tests

96

5.6.2 Human Toxicity Database

(1) There is a need to build upon the
foundations of the MEIC and MEMO
exercises.

(2) An expert panel should review the
MEIC/MEMO approach for measuring
acute toxicity parameters in humans.

(3) A consensus standard approach for
measuring acute toxicity parameters is
necessary.

(4) Existing sources of information need to be
carefully searched in order to assure all
relevant human data are obtained.

(5) A mechanism prospectively should be
established to: (a) gather human toxicity
data from hospital/Poison Control Center
(PCC) sources; (b) retrieve existing
human toxicity data; (c) collect and
organize human toxicity data as accidents
occur.  Biomonitoring data should also be
collected.  Such information could define
sub- or non-toxic levels, and be used to
see if they overlap with the range of
reported toxic levels.
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6.0 GLOSSARY

Note: These definitions are based on (1)
definitions used by one or more Breakout Groups
at the In vitro  Workshop or (2) a commonly used
interpretation or definition.

Acute Toxic Class Method (ATC): An in vivo
approach to assessing acute toxicity that tests
animals in a step-wise fashion.  Based on
mortality and/or morbidity (or absence thereof),
testing continues at the next highest (or lowest)
fixed dose until an adequate assessment can be
made.  The method usually entails testing at two
to four step-wise doses.

Acute Toxicity: The adverse effects occurring
within a relatively short time after administration
of a single dose of a substance or multiple doses
within a 24-hour period.  BG3 added: “toxicity
occurring within 14 days of a single exposure or
multiple exposures within 24 hours”.

Acute Systemic Toxicity: Acute effects that
require absorption and distribution of the toxic
agent from its entry point to a distant site at which
adverse effects are produced vs. acute local
toxicity.

ADAPT: (Automated Data Analysis by Pattern
recognition Techniques); commercially available
QSAR system for the evaluation of LD50s and
MTDs; available from the laboratory of Peter Jurs,
Penn State University.

ADME: biokinetic information on Absorption,
Distribution, Metabolism, and Excretion.

Biotransformation:  the series of chemical
reactions of a compound in a biological system
occurring within the body usually due to
enzymatic metabolic reactions.

CASE: (Computer Automated Structure
Evaluation); commercially available QSAR
software

Cytotoxicity: The adverse effects of interference
with structures and/or processes essential for cell
survival, proliferation, and/or function.  These
effects may involve the integrity of membranes

and the cytoskeleton, metabolism, the synthesis
and degradation or release of cellular constituents
or products, ion regulation, and cell division.

Basal cytotoxicity: Involves one or more of
the above mentioned structures or processes
that would be expected to be intrinsic to all
cell types.  Sometimes called general
cytotoxicity.
Selective cytotoxicity: Occurs when some
types of differentiated cells are more sensitive
to the effects of a particular toxicant than
others, potentially as a result of, for example,
biotransformation, binding to specific
receptors, or uptake by a cell type specific
mechanism.
Cell specific function cytotoxicity: Occurs
when the toxicant affects structures or
processes that may not be critical for the
affected cells themselves, but which are
critical for the organism as a whole.  For
example, such toxicity can involve effects on
cell to cell communication, via the synthesis,
release, binding and degradation of cytokines,
hormones and transmitters.

DEREK: (Deduction of Risk from Existing
Knowledge); commercially available knowledge-
based QSAR expert system.

EUCLID: (Electronically Useful Chemistry
Laboratory Instructional Database); database of
industrial chemicals tested in Europe maintained
by the European Union.

Fixed Dose Procedure (FDP): An in vivo approach
to assessing acute toxicity that avoids using death
of animals as an endpoint, but instead uses the
observation of clear signs of toxicity at one of a
series of fixed dose levels.  Instead of providing
an LD50 value, this method estimates a range in
which the LD50 of the test substance is estimated
to occur.

Galileo: A publicly available database of
chemicals that have been tested for toxicity (from
alternative studies, mostly related to cosmetics
testing).

Globally Harmonized System (GHS): Co-
ordinating Group for the Harmonization of
Chemical Classification Systems (CG/HCCS) was
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established to promote and oversee the work to
develop a GHS.  The group would integrate the
harmonized classification scheme with a
harmonized hazard communication system to give
an overall Globally Harmonized Classification
and labeling System (GHS): OECD-sponsored.

IC50: (Inhibitory Concentration 50); the
concentration of a material estimated to inhibit the
biological endpoint of interest (e.g., cell growth,
ATP levels) by 50%.

LD50: (Median Lethal Dose); a statistically
derived single dose of a substance that can be
expected to cause death in 50% of animals.  This
value is expressed in terms of the weight of the
test substance per unit weight of the test animal.

LD50 Test, Conventional: An in vivo approach to
assessing acute toxicity that tests several dose
levels using groups of animals.  Doses selected
are often determined from a range-finding study.
Observations of mortality and morbidity, as well
as effects, are made for each dose group, and the
LD50 is derived based on those observations.

MCASE: (Model-based Computer Automated
Structure Evaluation); commercially available
QSAR system for the evaluation of LD50s and
MTDs available from Multicase, Inc.

Moribund: A clinical condition of a test animal
that is indicative of impending death.  Animals in
the moribund state are humanely killed and are
considered for acute toxicity testing purposes in
the same way as animals that died.

MEIC: Multicenter Evaluation of In Vitro
Cytotoxicity.  Established by the Scandinavian
Society for Cell Toxicology in 1989 to investigate
the relevance of in vitro test results for predicting
the acute toxic action of chemicals in humans
directly rather than in rodents.

MEIC approach: The MEIC team collected case
reports from human poisonings with the 50
reference chemicals to provide LC data with
known times between ingestion and
sampling/death.  Constructed time-related LC
curves for comparison with the IC50 values for
different incubation times in vitro (see. 50 MEIC

Monographs [MEMO]).  Analyses of test results
were based on in vitro cytotoxicity data presented
as IC50 values.  The predictability of in vivo acute
toxicity from the in vitro IC50 data was assessed
against human lethal blood concentrations
compiled from three different data sets: clinically
measured acute lethal serum concentrations, acute
lethal blood concentrations measured post-
mortem, and peak lethal concentrations derived
from approximate LC50 curves over time.  The
analysis showed that in vitro assays that were
among the most predictive generally used human
cell lines.  Human-derived cells appeared to be the
most predictive for human acute toxicity.  The
most predictive and cost-effective test battery
consisted of four endpoints/two exposure times
(protein content/24 hours; ATP content/24 hours;
inhibition of elongation of cells/24 hours; pH
change/7 days) in three human cell line tests.  The
test battery was found to be highly predictive of
the peak human lethal blood concentrations of all
50 chemicals when incorporated into an algorithm
developed by the team.

Mortality: Death of the test animals presumably
due to the toxicity of the test material.

Predictive range: Range for various chemical
properties over which the in vitro  assay might be
expected to provide reasonable LD50 estimates.

Quantitative Structure Activity Relationships
(QSAR): The measurable biological activity of a
series of similar compounds based on one or more
physicochemical or structural properties of the
compounds.

Registry of Cytotoxicity (RC): ZEBET database
of acute oral LD50 data from rats and mice (taken
from the NIOSH Registry of Toxic Effects of
Chemical Substances [RTECS]) and IC50x values
of chemicals and drugs from in vitro cytotoxicity
assays.  Currently contains data on 347 chemicals.

TOPKAT: (The Open Practical Knowledge
Acquisition Toolkit); commercially available
QSAR software.

Toxicokinetics: kinetics or biokinetics (BG2
definition).
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Up-and-Down Procedure (UDP): An in vivo
approach to assessing acute toxicity.  Animals are
dosed, one at a time, at 48-hour intervals.  The
first animal receives a dose at the investigator’s
best estimate of the LD50, and subsequent
animals are given a higher or lower dose
depending on the survival of the previous animal.
After reaching the point where an increasing (or
decreasing) dose pattern is reversed by giving a
small (or higher dose), four additional animals are
dosed following the same method, and the LD50 is
calculated using the method of maximum
likelihood.

ZEBET approach: Strategy to reduce the number
of animals required for acute oral toxicity testing;
Strategy involves using in vitro cytotoxicity data
to determine the starting dose for in vivo testing.
Researchers report the findings of an initial study
conducted to assess the feasibility of applying the
standard regression between mean IC50 values
(i.e., IC50x, the mean concentration estimated to
affect the endpoint in question by 50%) and acute
oral LD50 data included in the Register of
Cytotoxicity (RC) to estimate the LD50 value
which can then be used to determine the in vivo
starting dose.

ZEBET: Zentralstelle zur Erfassung und
Bewertungvon Ersatz- und Ergänzungsmethoden
zum Tierversuch (Centre for Documentation and
Evaluation of Alternative Methods to Animal
Experiments)
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7.0 REGISTRY OF CYTOTOXICITY
(RC) DATA (ZEBET)

7.1 The ZEBET Database

ZEBET was established in Germany in 1989 at
the Federal Institute for Consumer Health
Protection and Veterinary Medicine (BgVV;
http://www.bgvv.de).  The ZEBET database
contains evaluated information from the field of
biomedicine and related fields on alternative
methods that address the 3Rs concept of research
that involves animals: refinement of animal use in
experimentation, reduction of animal use, and
replacement of animals.  The database
information was obtained from approximately 800
different documents (e.g., books, journals,
monographs, etc.).  The RC is part of the database
and provides in vitro IC50 values as well as acute
oral toxicity data (LD50) for rats and mice for 347
chemicals.  The LD50 values come from the
RTECS database at NIOSH.  The ZEBET
database also includes data for the 50 chemicals
from the MEIC database.  The German Institute
for Medical Documentation and Information
(DIMDI) provides access to the ZEBET database
(http://www.dimdi.de).

7.1.1 Tables

Table 7.1: IC50 values in ascending order (all
RC chemicals)

Table 7.2: Rat LD50 oral values in descending
order (all RC chemicals)

Table 7.3: Alphabetical order (all RC chemicals)
Table 7.4: Rat LD50 oral values in descending

order (MEIC chemicals)

The acute oral toxicity values are provided in
mg/kg and mmol/l for rats and mice.  Regression
calculation values are in the last column of the
data sheets.  Rat LD50 values were used for the
calculations if they were available; if not, then
mouse LD50 values were used.

7.1.2 Figures

Regression calculations between cytotoxicity and
acute oral toxicity are illustrated in the figures
following the data.

Figure 7.1: Regression between RC values
(IC50x) and acute oral LD50 values
(MEIC chemicals)

Figure 7.2: Regression between human cell lines
(IC50m) and acute oral LD50 values
(MEIC chemicals)

7.1.3 German Organizational Names

ZEBET: Zentralstelle zur Erfassung und
Bewertungvon Ersatz- und
Ergänzungsmethoden zum
Tierversuch
(German Centre for the
Documentation and Validation of
Alternative Methods [at BgVV])

DIMDI: Deutsches Institut für Medizinische
Dokumentation und Information
(The German Institute for Medical
Documentation and Information)

BgVV: Bundesinstitut für gesundheitlichen
Verbraucherschutz und
Veterinärmedizin
(Federal Institute for Health
Protection of Consumers and
Veterinary Medicine)

http://www.bgvv.de
http://www.dimdi.de
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Section 7.2
Table 7.1

Chemical Data from the Registry of Cytotoxicity Database (Sorted by IC50x  mmol/l)

Registry of Cytotoxicity Data (ZEBET)

Rodent LD50  (mmol/kg)
ug/ml mmol/l mg/kg mmol/kg mg/kg mmol/kg MW for Regression 

1 Trenimon 68-76-8 0.00 0.0000033 NA NA NA NA 231.28
2 Actinomycin D 50-76-0 0.01 0.0000081 7.2 0.0057 12.6 0.01 1255.6 0.0057
3 Aminopterin 54-62-6 0.01 0.000012 NA NA 3.0 0.0068 440.47 0.0068
4 Vincristine sulfate 2068-78-2 0.01 0.000015 NA NA NA NA 923.14
5 K- Strophantin 0.03 0.000044 NA NA NA NA 710.9

132 Triphenyltin hydroxide 76-87-9 0.02 0.000049 44.0 0.12 245.9 0.67 367.03 0.12
6 Colchicine 64-86-8 0.02 0.000054 NA NA 6.0 0.015 399.48 0.015
7 Ouabain 630-60-4 0.04 0.000072 NA NA NA NA 584.73

133 Cytochalasin D 22144-77-0 0.05 0.000092 NA NA 36.0 0.071 507.68 0.071
8 Digitoxin 71-63-6 0.08 0.00011 55.8 0.073 NA NA 765.05 0.073

134 Rotenone 83-79-4 0.05 0.00013 130.2 0.33 351.1 0.89 394.45 0.33
9 Amethopterin 59-05-2 0.06 0.00014 136.4 0.3 145.4 0.32 454.5 0.3

10 Emetine 483-18-1 0.08 0.00016 67.3 0.14 NA NA 480.71 0.14
135 2,3,7,8- Tetrachloro-dibenzo-p-dioxin 1746-01-6 0.06 0.0002 NA NA 0.1 0.00035 321.96 0.00035
11 Doxorubicin * HCl 25316-40-9 0.19 0.00033 NA NA 696.0 1.2 580.03 1.2
12 Puromycin 53-79-2 0.16 0.00033 NA NA 674.4 1.43 471.58 1.43

136 Diethyldithiocarbamate sodium* 3H20 20624-25-3 0.09 0.00039 1500.7 6.66 1500.7 6.66 225.33 6.66
137 Triethyltin chloride 994-31-0 0.11 0.00046 5.1 0.021 NA NA 241.35 0.021
138 Tributyltin chloride 1461-22-9 0.18 0.00054 120.4 0.37 NA NA 325.53 0.37
139 Retinol 68-26-8 0.15 0.00054 1999.8 6.98 4011.0 14 286.5 6.98
140 6- Thioguanine 154-42-7 0.10 0.00057 NA NA 160.5 0.96 167.21 0.96
13 Cycloheximide 66-81-9 0.17 0.00059 2.0 0.0071 132.3 0.47 281.39 0.0071

141 Cytosine arabinoside 147-94-4 0.17 0.00068 NA NA 3137.9 12.9 243.25 12.9
142 Methylmercury chloride 115-09-3 0.18 0.00071 NA NA 57.7 0.23 251.08 0.23
143 Triethylene melamine 51-18-3 0.16 0.00078 1.0 0.005 14.9 0.073 204.27 0.005
14 Mitomycin C 50-07-7 0.28 0.00084 14.0 0.042 17.1 0.051 334.37 0.042

144 Sodium bichromate VI 10588-01-9 0.24 0.00093 49.8 0.19 NA NA 261.98 0.19
15 8- Azaguanine 134-58-7 0.20 0.0013 NA NA 1500.1 9.86 152.14 9.86

145 Potassium chromate VI 7789-00-6 0.29 0.0015 NA NA 180.6 0.93 194.2 0.93
16 Azaserine 115-02-6 0.35 0.002 169.7 0.98 150.6 0.87 173.15 0.98

146 Potassium bichromate VI 0.59 0.002 NA NA 191.2 0.65 294.2 0.65
147 Mitoxantrone 65271-80-9 1.07 0.0024 586.8 1.32 NA NA 444.54 1.32
148 Nitrogen mustard * HCl 55-86-7 0.50 0.0026 10.0 0.052 19.3 0.1 192.53 0.052
17 5- Fluorouracil 51-21-8 0.34 0.0026 230.3 1.77 114.5 0.88 130.09 1.77

149 Chromium VI trioxide 1333-82-0 0.27 0.0027 80.0 0.8 127.0 1.27 100 0.8
150 Cis-platinum 15663-27-1 0.84 0.0028 25.8 0.086 33.0 0.11 300.07 0.086
151 Hexachlorocyclopentadiene 77-47-4 0.85 0.0031 111.8 0.41 NA NA 272.75 0.41
152 8- Hydroxyquinoline 148-24-3 0.48 0.0033 1200.6 8.27 NA NA 145.17 8.27
18 Captan 133-06-2 1.17 0.0039 10009.6 33.3 7003.7 23.3 300.59 33.3

LD50 RATRC # MEIC # Chemical LD50 MOUSECAS # IC50x 
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Section 7.2
Table 7.1

Chemical Data from the Registry of Cytotoxicity Database (Sorted by IC50x  mmol/l)

Registry of Cytotoxicity Data (ZEBET)

Rodent LD50  (mmol/kg)
ug/ml mmol/l mg/kg mmol/kg mg/kg mmol/kg MW for Regression 

LD50 RATRC # MEIC # Chemical LD50 MOUSECAS # IC50x 

153 26 Arsenic III trioxide 1327-53-3 0.83 0.0042 19.8 0.1 45.5 0.23 197.84 0.1
154 Maneb 12427-38-2 1.12 0.0042 4500.6 16.9 3994.7 15 266.31 16.9
19 Cytochalasin B 14930-96-2 2.40 0.005 NA NA NA NA 479.67

155 Benzalkonium chloride 8001-54-5 1.90 0.0052 401.5 1.1 339.5 0.93 365 1.1
156 Stearyltrimethylammoniumchloride 112-03-8 2.09 0.006 NA NA 536.1 1.54 348.13 1.54
20 Cadmium II chloride 10108-64-2 1.17 0.0064 88.0 0.48 174.1 0.95 183.3 0.48

157 38 Hexachlorophene 70-30-4 3.21 0.0079 61.0 0.15 65.1 0.16 406.89 0.15
21 6- Mercaptopurine 50-44-2 1.22 0.008 NA NA 280.0 1.84 152.19 1.84

158 Dichlorophene 97-23-4 2.23 0.0083 2691.3 10 1001.2 3.72 269.13 10
22 6 Digoxin 20830-75-5 6.64 0.0085 NA NA 18.0 0.023 781.05 0.023

159 Hexadecyltrimethylammoniumbromide 57-09-0 3.24 0.0089 408.3 1.12 NA NA 364.53 1.12
23 Daraprim 58-14-0 2.21 0.0089 NA NA 126.9 0.51 248.74 0.51
24 Ethylenediamine-tetraacetic acid 60-00-4 2.92 0.01 NA NA NA NA 292.28
25 Thio-TEPA 52-24-4 2.08 0.011 NA NA 37.8 0.2 189.24 0.2

160 N- Methyl-N'-nitro-N-nitroso- guanidine 70-25-7 1.77 0.012 89.7 0.61 NA NA 147.12 0.61
26 Kelthane 115-32-2 4.45 0.012 574.2 1.55 418.6 1.13 370.48 1.55

161 Silver I nitrate 7761-88-8 2.21 0.013 NA NA 49.3 0.29 169.88 0.29
27 Chlorpromazine 50-53-3 4.46 0.014 140.3 0.44 261.5 0.82 318.89 0.44
28 Aldosterone 52-39-1 5.05 0.014 NA NA NA NA 360.44
29 28 Mercury II chloride 7487-94-7 4.07 0.015 1.0 0.0037 10.0 0.037 271.49 0.0037

162 Chlorhexidine 55-56-1 7.58 0.015 9200.5 18.2 9857.6 19.5 505.52 18.2
30 Sodium arsenate, dibasic 7778-43-0 2.79 0.015 NA NA NA NA 185.91
31 41 Chloroquine diphosphate 50-63-5 8.77 0.017 969.9 1.88 500.4 0.97 515.92 1.88

164 Oxatomide 60607-34-3 8.11 0.019 1412.1 3.31 9598.7 22.5 426.61 3.31
163 Cetyltrimethylammonium chloride 112-02-7 7.61 0.021 474.4 1.31 NA NA 362.16 1.31
165 Isoproterenol * HCl 51-30-9 5.45 0.022 2219.8 8.96 NA NA 247.75 8.96
32 Hydrocortisone 50-23-7 7.98 0.022 NA NA NA NA 362.51

166 Triisooctylamine 2757-28-0 8.14 0.023 1620.2 4.58 NA NA 353.76 4.58
167 p,p' DDD 72-54-8 7.68 0.024 112.0 0.35 NA NA 320.04 0.35
33 p- Chloromercuribenzoic acid 59-85-8 8.57 0.024 NA NA 25.0 0.07 357.16 0.07
34 Diethylstilbestrol 56-53-1 6.71 0.025 NA NA NA NA 268.38

168 Dicoumarol 66-76-2 9.08 0.027 709.6 2.11 232.1 0.69 336.31 2.11
169 Epinephrine bitartrate 51-42-3 9.33 0.028 NA NA 4.0 0.012 333.33 0.012
35 Flufenamic acid 530-78-9 8.16 0.029 272.8 0.97 714.4 2.54 281.25 0.97

170 29 Thioridazine * HCl 130-61-0 11.81 0.029 NA NA 358.2 0.88 407.07 0.88
36 Progesterone 57-83-0 9.44 0.03 NA NA NA NA 314.51

171 Fumagillin 297-95-0 14.22 0.031 NA NA 1999.5 4.36 458.6 4.36
37 Aflatoxin B1 1162-65-8 10.62 0.034 5.0 0.016 9.1 0.029 312.29 0.016

172 Nabam 142-59-6 8.97 0.035 394.8 1.54 579.3 2.26 256.34 1.54

104



Section 7.2
Table 7.1

Chemical Data from the Registry of Cytotoxicity Database (Sorted by IC50x  mmol/l)

Registry of Cytotoxicity Data (ZEBET)

Rodent LD50  (mmol/kg)
ug/ml mmol/l mg/kg mmol/kg mg/kg mmol/kg MW for Regression 

LD50 RATRC # MEIC # Chemical LD50 MOUSECAS # IC50x 

173 39 Pentachlorophenol 87-86-5 9.59 0.036 50.6 0.19 NA NA 266.32 0.19
174 Ambazone 539-21-9 9.02 0.038 749.9 3.16 999.1 4.21 237.32 3.16
175 Norepinephrine 51-41-2 6.60 0.039 NA NA 20.3 0.12 169.2 0.12
46 Lead II chloride 7758-95-4 11.96 0.043 NA NA NA NA 278.09

176 Papaverine 58-74-2 15.27 0.045 325.8 0.96 230.8 0.68 339.42 0.96
177 Busulphan 55-98-1 11.33 0.046 1.9 0.0076 199.5 0.81 246.32 0.0076
178 Salicylanilide 87-17-2 9.81 0.046 NA NA 2409.7 11.3 213.25 11.3
179 Acrolein 107-02-8 2.64 0.047 46.0 0.82 39.8 0.71 56.07 0.82
180 p- Phenylenediamine 106-50-3 5.41 0.05 80.0 0.74 NA NA 108.16 0.74
38 Imipramine * HCl 113-52-0 17.11 0.054 304.2 0.96 374.0 1.18 316.91 0.96

181 30 Thallium I sulfate 7446-18-6 27.26 0.054 NA NA 28.8 0.057 504.8 0.057
39 2,4- Dichlorophenol 120-83-2 8.97 0.055 580.3 3.56 1600.7 9.82 163 3.56

182 Triton X-100 9002-93-1 35.59 0.055 1798.7 2.78 NA NA 647 2.78
183 5 Amitriptyline 50-48-6 15.54 0.056 319.1 1.15 147.0 0.53 277.44 1.15
184 Butylated hydroxytoluene 128-37-0 12.34 0.056 890.4 4.04 1040.2 4.72 220.39 4.04
185 Heptachlor 76-44-8 22.02 0.059 41.1 0.11 67.2 0.18 373.3 0.11
186 Zineb 12122-67-7 16.27 0.059 5211.3 18.9 7610.1 27.6 275.73 18.9
40 Chlordan 57-74-9 24.59 0.06 458.9 1.12 NA NA 409.76 1.12
41 Chloroquine sulfate 132-73-0 25.08 0.06 1086.8 2.6 NA NA 418 2.6
42 p- Aminophenol 23-30-8 6.77 0.062 1658.9 15.2 NA NA 109.14 15.2

187 4- Hexylresorcinol 136-77-6 12.44 0.064 549.9 2.83 NA NA 194.3 2.83
43 Aldrin 309-00-2 24.45 0.067 40.1 0.11 43.8 0.12 364.9 0.11
44 Hydroxyzine * HCl 1244-76-4 27.56 0.067 950.4 2.31 NA NA 411.41 2.31

188 t- Butyl hydroquinone 1948-33-0 11.47 0.069 799.6 4.81 1000.8 6.02 166.24 4.81
189 Antimycin 11118-72-2 17.52 0.07 NA NA 112.6 0.45 250.27 0.45
45 Quinine * HCl 130-89-2 27.07 0.075 620.8 1.72 1158.6 3.21 360.92 1.72

190 Chlorambucil 305-03-3 23.12 0.076 76.1 0.25 100.4 0.33 304.24 0.25
191 Dimenhydrinate 523-87-5 35.72 0.076 1320.8 2.81 202.1 0.43 470.02 2.81
192 1,3- Bis(2-chloroethyl)- 1-nitrosourea 154-93-8 16.70 0.078 19.9 0.093 19.1 0.089 214.07 0.093
193 5- Azacytidine 320-67-2 19.29 0.079 NA NA 571.5 2.34 244.24 2.34
47 Naftipramide 1505-95-9 25.07 0.084 1029.7 3.45 1086.4 3.64 298.47 3.45
48 Mefenamic acid 61-68-7 20.99 0.087 789.1 3.27 629.8 2.61 241.31 3.27
49 Parathion 56-38-2 27.09 0.093 2.0 0.0069 6.1 0.021 291.28 0.0069

194 p- Toluylendiamine 95-70-5 11.49 0.094 101.4 0.83 NA NA 122.19 0.83
50 Trypan blue 72-57-1 91.66 0.095 6204.2 6.43 NA NA 964.88 6.43

195 p,p' DDA 83-05-6 27.83 0.099 NA NA 590.4 2.1 281.14 2.1
196 40 VerapamilHCl 152-11-4 49.11 0.1 108.0 0.22 162.1 0.33 491.13 0.22
197 p,p' DDE 72-55-9 31.80 0.1 880.9 2.77 NA NA 318.02 2.77
51 Disulfoton 298-04-4 30.19 0.11 2.0 0.0073 5.5 0.02 274.42 0.0073
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198 Ioxynil 1689-83-4 40.80 0.11 111.3 0.3 NA NA 370.91 0.3
199 Cupric chloride 7447-39-4 14.79 0.11 139.8 1.04 189.6 1.41 134.44 1.04
200 Dimethylaminoethyl methacrylate (polymer) 2867-47-2 17.30 0.11 1745.4 11.1 NA NA 157.24 11.1
52 all-trans-Retinoic acid 302-79-4 33.05 0.11 2001.2 6.66 NA NA 300.48 6.66
53 43 Quinidine sulfate 50-54-4 50.70 0.12 456.3 1.08 595.8 1.41 422.54 1.08

202 Formaldehyde 50-00-0 3.60 0.12 798.8 26.6 NA NA 30.03 26.6
54 23 Propranolol * HCl 318-98-9 35.50 0.12 NA NA 470.4 1.59 295.84 1.59

201 13-cis- Retinoic acid 4759-48-2 36.06 0.12 NA NA 3395.4 11.3 300.48 11.3
55 Zinc II chloride 7646-85-7 17.72 0.13 350.2 2.57 350.2 2.57 136.27 2.57
56 Manganese IIchloride *4 H2O 13446-34-9 25.73 0.13 1484.4 7.5 NA NA 197.92 7.5
57 L- Dopa 59-92-7 25.64 0.13 1780.8 9.03 2366.5 12 197.21 9.03

204 Azathioprine 446-86-6 38.82 0.14 535.2 1.93 1389.2 5.01 277.29 1.93
58 Dihydralazine sulfate 7327-87-9 40.36 0.14 818.8 2.84 400.8 1.39 288.32 2.84
59 Tetracycline * HCl 64-75-5 67.33 0.14 6444.6 13.4 NA NA 480.94 13.4

203 Thallium I acetate 563-68-8 36.88 0.14 NA NA 34.2 0.13 263.42 0.13
205 Versalide 88-29-9 38.77 0.15 315.3 1.22 NA NA 258.44 1.22
60 Indomethacin 53-86-1 57.25 0.16 12.2 0.034 19.0 0.053 357.81 0.034
62 Cobalt II chloride 7646-79-9 20.77 0.16 80.5 0.62 80.5 0.62 129.83 0.62
61 p,p' DDT 50-29-3 56.72 0.16 113.4 0.32 134.7 0.38 354.48 0.32

206 Diquat dibromide 85-00-7 55.05 0.16 230.5 0.67 234.0 0.68 344.08 0.67
63 4 Diazepam 439-14-5 45.56 0.16 709.1 2.49 535.3 1.88 284.76 2.49

207 Dieldrin 60-57-1 68.56 0.18 45.7 0.12 38.1 0.1 380.9 0.12
64 Bendiocarb 22781-23-3 40.19 0.18 178.6 0.8 NA NA 223.25 0.8

208 Undecylenic acid 112-38-9 33.18 0.18 2506.6 13.6 8496.7 46.1 184.31 13.6
209 Propylparaben 94-13-3 32.44 0.18 NA NA 6325.7 35.1 180.22 35.1
65 Oxyphenbutazone 129-20-4 61.64 0.19 999.2 3.08 480.1 1.48 324.41 3.08
66 Cortisone 53-06-5 68.49 0.19 NA NA NA NA 360.49

210 p- Nitrophenol 100-02-7 27.82 0.2 350.6 2.52 467.4 3.36 139.12 2.52
67 15 Malathion 121-75-5 66.08 0.2 885.4 2.68 776.4 2.35 330.38 2.68

211 Catechol 120-80-9 22.02 0.2 3887.2 35.3 259.9 2.36 110.12 35.3
68 2,4- Dinitrophenol 51-28-5 38.67 0.21 29.5 0.16 44.2 0.24 184.12 0.16
69 Secobarbital sodium 309-43-3 54.66 0.21 124.9 0.48 NA NA 260.3 0.48

212 p- Cresol 106-44-5 23.79 0.22 206.6 1.91 343.9 3.18 108.15 1.91
70 49 Atropine sulfate 55-48-1 148.92 0.22 622.7 0.92 764.9 1.13 676.9 0.92

213 Ammonium persulfate 7727-54-0 52.49 0.23 819.3 3.59 NA NA 228.22 3.59
214 Thymol 89-83-8 34.56 0.23 979.6 6.52 1802.9 12 150.24 6.52
71 Diphenhydramine * HCl 147-24-0 70.04 0.24 855.1 2.93 113.8 0.39 291.85 2.93
72 Butylated hydoxyanisole 8003-24-5 43.26 0.24 2199.3 12.2 2001.0 11.1 180.27 12.2

215 Chlorotetracycline 57-62-5 114.94 0.24 NA NA 2500.0 5.22 478.92 5.22
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216 Refortan 78.28 0.25 3162.3 10.1 NA NA 313.1 10.1
73 Carbaryl 63-25-2 52.32 0.26 249.5 1.24 438.7 2.18 201.24 1.24
74 Nickel II chloride 7718-54-9 34.99 0.27 105.0 0.81 NA NA 129.61 0.81
75 Trichlorfon 52-68-6 69.51 0.27 450.5 1.75 298.6 1.16 257.44 1.75
76 Sodium dodecyl sulfate 151-21-3 78.15 0.27 1288.0 4.45 NA NA 289.43 4.45
77 Cinchophen 132-60-5 67.31 0.27 NA NA NA NA 249.28

217 Amrinone 60719-84-8 52.42 0.28 101.1 0.54 288.3 1.54 187.22 0.54
218 o- Phenylenediamine 95-54-5 33.53 0.31 1069.7 9.89 NA NA 108.16 9.89
78 6- Methylcoumarin 92-48-8 49.66 0.31 1681.9 10.5 NA NA 160.18 10.5
79 Phenylbutazone 50-33-9 98.69 0.32 376.3 1.22 441.0 1.43 308.41 1.22
80 2- Thiouracil 141-90-2 41.01 0.32 999.6 7.8 NA NA 128.16 7.8

219 Hydralazine 86-54-4 52.87 0.33 89.7 0.56 121.8 0.76 160.2 0.56
81 27 Cupric sulfate * 5 H2O 7758-99-8 82.40 0.33 299.6 1.2 NA NA 249.7 1.2

238 Imidazolidinyl urea 39236-46-9 100.17 0.36 2598.9 9.34 3700.9 13.3 278.26 9.34
220 m- Dinitrobenzene 99-65-0 65.57 0.39 82.4 0.49 NA NA 168.12 0.49
221 2- Nitro-p-phenylene-diamine 5307-14-2 59.73 0.39 3078.5 20.1 NA NA 153.16 20.1
82 44 Diphenylhydantoin 57-41-0 98.39 0.39 NA NA 199.3 0.79 252.29 0.79

222 Glibenclamide 10238-21-8 197.62 0.4 NA NA 3250.8 6.58 494.05 6.58
223 32 Lindane 58-89-9 119.24 0.41 75.6 0.26 87.2 0.3 290.82 0.26
224 n- Butyl benzoate 136-60-7 73.08 0.41 5133.6 28.8 NA NA 178.25 28.8
225 Ammonium sulfide 12135-76-1 21.47 0.42 168.2 3.29 NA NA 51.12 3.29
226 Dodecylbenzene sodiumsulfonate 25155-30-0 146.38 0.42 1261.6 3.62 2000.5 5.74 348.52 3.62
227 46 Sodium oxalate 62-76-0 58.96 0.44 155.4 1.16 NA NA 134 1.16
228 2,4,5- Trichlorophen- oxyacetic acid 93-76-5 112.41 0.44 298.9 1.17 388.3 1.52 255.48 1.17
229 22 Dextropropoxyphene * HCl 1639-60-7 184.23 0.49 82.7 0.22 82.7 0.22 375.98 0.22
230 42 Orphenadrine * HCl 341-69-5 149.88 0.49 425.2 1.39 125.4 0.41 305.88 1.39
231 Tween 80 9005-65-6 641.90 0.49 NA NA 25021.0 19.1 1310 19.1
232 o- Cresol 95-48-7 56.24 0.52 121.1 1.12 343.9 3.18 108.15 1.12
233 Ibuprofen 15687-27-1 107.28 0.52 1008.9 4.89 980.0 4.75 206.31 4.89
234 Phenylthiourea 103-85-5 82.20 0.54 3.0 0.02 10.0 0.066 152.23 0.02
235 25 Paraquat 4685-14-7 100.58 0.54 57.7 0.31 195.6 1.05 186.25 0.31
83 Thiopental 76-75-5 133.30 0.55 NA NA 601.1 2.48 242.37 2.48
84 Amobarbital 57-43-2 126.73 0.56 NA NA 344.0 1.52 226.31 1.52

236 Hydrogen peroxide 90% 7722-84-1 19.05 0.56 NA NA 2000.4 58.8 34.02 58.8
85 Metamizol 68-89-3 193.94 0.58 7189.2 21.5 NA NA 334.38 21.5

237 Beryllium II sulfate 13510-49-1 64.09 0.61 82.0 0.78 79.9 0.76 105.07 0.78
239 m- Cresol 108-39-4 71.38 0.66 242.3 2.24 828.4 7.66 108.15 2.24
240 Pentoxifylline 6493-05-6 183.71 0.66 NA NA 1386.2 4.98 278.35 4.98
86 31 Warfarin 81-81-2 206.59 0.67 323.8 1.05 373.1 1.21 308.35 1.05
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241 Sodium azide 26628-22-8 46.16 0.71 44.9 0.69 27.3 0.42 65.02 0.69
87 Pentobarbital sodium 57-33-0 176.29 0.71 201.1 0.81 280.6 1.13 248.29 0.81

242 1,2,4- Trichlorobenzene 120-82-1 128.82 0.71 756.6 4.17 765.7 4.22 181.44 4.17
243 p- Anisidine 104-94-9 89.91 0.73 1404.1 11.4 NA NA 123.17 11.4
244 Doxylamine succinate 562-10-7 291.38 0.75 NA NA 470.1 1.21 388.51 1.21
88 Dibutyl phthalate 84-74-2 211.57 0.76 11998.2 43.1 NA NA 278.38 43.1
89 16 2,4- Dichlorophenoxy- acetic acid 94-75-7 170.20 0.77 369.1 1.67 366.9 1.66 221.04 1.67
90 Iproniazid 54-92-2 141.61 0.79 365.7 2.04 681.2 3.8 179.25 2.04
91 45 Chloramphenicol 56-75-7 255.29 0.79 3393.1 10.5 2640.1 8.17 323.15 10.5

245 Resorcinol 108-46-3 88.10 0.8 300.6 2.73 NA NA 110.12 2.73
246 37 Barium II nitrate 10022-31-8 211.70 0.81 355.4 1.36 NA NA 261.36 1.36
247 (+)- Thalidomide 731-40-8 209.18 0.81 NA NA 400.3 1.55 258.25 1.55
92 Di(2-ethylhexyl)phthalate 117-81-7 328.12 0.84 31015.2 79.4 29999.6 76.8 390.62 79.4
93 Sulfisoxazole 127-69-5 227.23 0.85 NA NA 6790.2 25.4 267.33 25.4

248 m- Aminophenol 591-27-5 93.86 0.86 1658.9 15.2 NA NA 109.14 15.2
94 Menthol 89-78-1 148.49 0.95 3172.9 20.3 NA NA 156.3 20.3

249 3- Cyano-2-morpholino-5-(pyrid-4-yl)-pyridine (Chemical 122) 255.66 0.96 346.2 1.3 NA NA 266.31 1.3
250 Valproate sodium 1069-66-5 166.22 1 NA NA 1695.4 10.2 166.22 10.2
251 Scopolamine * HBr 6533-68-2 415.05 1.08 1268.2 3.3 1879.3 4.89 384.31 3.3
95 Salicylamide 65-45-2 148.12 1.08 1892.7 13.8 1398.9 10.2 137.15 13.8

252 19 Potassium cyanide 151-50-8 72.93 1.12 9.8 0.15 8.5 0.13 65.12 0.15
96 Cygon 60-51-5 284.29 1.24 151.3 0.66 59.6 0.26 229.27 0.66
97 Phenacetin 62-44-2 227.63 1.27 1650.8 9.21 1220.6 6.81 179.24 9.21

253 Isoxepac 55453-87-7 356.81 1.33 198.5 0.74 NA NA 268.28 0.74
254 Buflomedil 55837-25-7 415.03 1.35 365.8 1.19 NA NA 307.43 1.19
98 Methylparaben 99-76-3 216.07 1.42 NA NA 1749.8 11.5 152.16 11.5

255 Sodium monochloroacetate 3926-62-3 168.90 1.45 75.7 0.65 NA NA 116.48 0.65
99 Nalidixic acid 389-08-2 348.39 1.5 1349.4 5.81 571.4 2.46 232.26 5.81

256 Tin II chloride 7772-99-8 286.28 1.51 699.6 3.69 1200.1 6.33 189.59 3.69
257 Isononylaldehyde 5435-64-3 216.25 1.52 3243.8 22.8 NA NA 142.27 22.8
100 L- Ascorbic acid 50-81-7 267.73 1.52 11907.1 67.6 3364.3 19.1 176.14 67.6
101 Glutethimide 77-21-4 338.97 1.56 599.7 2.76 360.7 1.66 217.29 2.76
102 Acrylamide 79-06-1 114.45 1.61 169.9 2.39 169.9 2.39 71.09 2.39
258 Diethyl sebacate 110-40-7 421.19 1.63 14470.4 56 NA NA 258.4 56
259 Methyl salicylate 119-36-8 258.67 1.7 887.1 5.83 NA NA 152.16 5.83
260 Coumarin 91-64-5 249.92 1.71 292.3 2 195.8 1.34 146.15 2
103 18 Nicotine 54-11-5 290.45 1.79 50.3 0.31 24.3 0.15 162.26 0.31
104 Tolbutamide 64-77-7 489.39 1.81 NA NA 2601.1 9.62 270.38 9.62
105 21 Theophylline 58-55-9 329.75 1.83 NA NA 600.0 3.33 180.19 3.33
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106 14 Sodium I fluoride 7681-49-4 77.68 1.85 180.1 4.29 NA NA 41.99 4.29
261 3 Ferrous sulfate 7720-78-7 281.03 1.85 319.0 2.1 978.3 6.44 151.91 2.1
262 47 Amphetamine sulfate 60-13-9 726.02 1.97 55.3 0.15 24.0 0.065 368.54 0.15
107 2 Acetylsalicylic acid 50-78-2 408.99 2.27 999.9 5.55 814.4 4.52 180.17 5.55
108 Gibberellic acid 77-06-5 796.74 2.3 6304.7 18.2 NA NA 346.41 18.2
109 Frusemide 54-31-9 770.67 2.33 2599.8 7.86 4597.6 13.9 330.76 7.86
110 Acrylonitrile 107-13-1 128.43 2.42 81.7 1.54 27.1 0.51 53.07 1.54
263 Acetaldehyde 75-07-0 107.95 2.45 1929.8 43.8 NA NA 44.06 43.8
111 Clofibric acid 882-09-7 560.26 2.61 1249.3 5.82 1169.9 5.45 214.66 5.82
112 48 Caffeine 58-08-2 512.74 2.64 192.3 0.99 619.6 3.19 194.22 0.99
264 Chloral hydrate 302-17-0 438.31 2.65 479.7 2.9 1101.6 6.66 165.4 2.9
113 1 Acetaminophen 103-90-2 409.70 2.71 2403.8 15.9 338.6 2.24 151.18 15.9
265 Streptomycin sulfate 298-39-5 3979.25 2.73 NA NA 495.6 0.34 1457.6 0.34
114 Natulan * HCl 366-70-1 706.37 2.74 783.7 3.04 NA NA 257.8 3.04
266 Potassium hexacyanoferrate III 13746-66-2 928.54 2.82 NA NA 2970.0 9.02 329.27 9.02
267 p- Hydroxybenzoic acid 99-96-7 403.34 2.92 NA NA 2196.3 15.9 138.13 15.9
115 12 Phenol 108-95-2 283.30 3.01 414.1 4.4 300.2 3.19 94.12 4.4
268 1- Octanol 111-87-5 398.60 3.06 NA NA 1784.6 13.7 130.26 13.7
116 Cyclophosphamide * H2O 6055-19-2 870.89 3.12 94.9 0.34 136.8 0.49 279.13 0.34
269 Potassium I fluoride 7789-23-3 181.85 3.13 245.2 4.22 NA NA 58.1 4.22
117 Di(2-ethylhexyl)adipate 103-23-1 1167.52 3.15 9117.7 24.6 NA NA 370.64 24.6
270 Propionaldehyde 123-38-6 188.79 3.25 1411.6 24.3 NA NA 58.09 24.3
271 Styrene 100-42-5 343.73 3.3 4999.7 48 315.6 3.03 104.16 48
272 Salicylic acid 69-72-7 466.88 3.38 890.9 6.45 479.3 3.47 138.13 6.45
273 Bromobenzene 108-86-1 543.29 3.46 2700.7 17.2 NA NA 157.02 17.2
274 L- Cysteine 52-90-4 431.37 3.56 NA NA 660.4 5.45 121.17 5.45
275 Nitrilotriacetic acid 139-13-9 690.09 3.61 1470.0 7.69 3154.1 16.5 191.16 7.69
276 Ambuphylline 5634-34-4 988.51 3.67 NA NA 600.7 2.23 269.35 2.23
118 24 Phenobarbital 50-06-6 884.91 3.81 162.6 0.7 167.2 0.72 232.26 0.7
277 Potassium cyanate 590-28-3 335.84 4.14 NA NA 843.6 10.4 81.12 10.4
278 Phenylephrine * HCl 939-38-8 847.35 4.16 350.3 1.72 120.2 0.59 203.69 1.72
279 Thioacetamide 62-55-5 313.33 4.17 301.3 4.01 NA NA 75.14 4.01
280 Theophylline sodium acetate 8002-89-9 1098.74 4.19 582.2 2.22 NA NA 262.23 2.22
281 1,2- Dibromomethane 106-93-4 730.17 4.2 107.8 0.62 NA NA 173.85 0.62
119 Sodium salicylate 54-21-7 693.28 4.33 1599.5 9.99 899.8 5.62 160.11 9.99
282 (-)- Phenylephrine 59-42-7 744.17 4.45 349.5 2.09 NA NA 167.23 2.09
283 Milrinone 78415-72-2 1007.61 4.77 90.8 0.43 137.3 0.65 211.24 0.43
120 5- Aminosalicylic acid 89-57-6 776.47 5.07 NA NA 7749.4 50.6 153.15 50.6
121 Aminophenazone 58-15-1 1246.87 5.39 999.3 4.32 358.6 1.55 231.33 4.32
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284 Ammonium chloride 12125-02-9 295.32 5.52 1647.8 30.8 NA NA 53.5 30.8
122 Diethyl phthalate 84-66-2 1226.88 5.52 8601.5 38.7 6178.8 27.8 222.26 38.7
285 Caffeine sodium benzoate 8000-95-1 1918.33 5.67 859.4 2.54 798.5 2.36 338.33 2.54
286 Benzylpenicillin sodium 69-57-8 2042.17 5.73 6914.2 19.4 NA NA 356.4 19.4
287 Benzylalcohol 100-51-6 628.35 5.81 1232.9 11.4 1579.0 14.6 108.15 11.4
288 1- Heptanol 111-70-6 726.44 6.25 3254.4 28 1499.4 12.9 116.23 28
289 Tetrachloroethene 127-18-4 1084.46 6.54 8854.8 53.4 8092.0 48.8 165.82 53.4
290 Sodium sulfite 7757-83-7 854.55 6.78 NA NA 820.5 6.51 126.04 6.51
291 Aniline 62-53-3 642.67 6.9 439.6 4.72 439.6 4.72 93.14 4.72
292 Allylalcohol 107-18-6 403.14 6.94 63.9 1.1 95.8 1.65 58.09 1.1
293 Diisopropylamine dichloroacetate 660-27-5 1611.12 7 NA NA 1700.9 7.39 230.16 7.39
123 35 Isoniazid 54-85-3 1027.33 7.49 650.1 4.74 NA NA 137.16 4.74
294 Trichloroacetic acid 76-03-9 1338.08 8.19 4999.4 30.6 5636.6 34.5 163.38 30.6
295 2,5- Hexanedione 110-13-4 964.65 8.45 2705.6 23.7 NA NA 114.16 23.7
124 Acetazolamide 59-66-5 1886.99 8.49 NA NA 4289.6 19.3 222.26 19.3
125 34 Carbon tetrachloride 56-23-5 1308.92 8.51 2799.3 18.2 12797.0 83.2 153.81 18.2
296 Homatropine methylbromide 80-49-9 3332.97 9 1199.9 3.24 1399.8 3.78 370.33 3.24
297 11 1,1,1- Trichloroethane 71-55-6 1374.02 10.3 10298.5 77.2 11245.6 84.3 133.4 77.2
298 Dichloroacetic acid 79-43-6 1482.81 11.5 2823.8 21.9 5518.6 42.8 128.94 21.9
299 Imidazole 288-32-4 783.04 11.5 NA NA 1879.3 27.6 68.09 27.6
300 Antipyrine 60-80-0 2183.70 11.6 1799.7 9.56 1699.9 9.03 188.25 9.56
301 17 Xylene 1330-20-7 1274.16 12 4300.3 40.5 NA NA 106.18 40.5
302 Nitrobenzene 98-95-3 1502.06 12.2 640.2 5.2 NA NA 123.12 5.2
304 Calcium II chloride 10043-52-4 1376.15 12.4 999.9 9.01 NA NA 110.98 9.01
303 Theophylline sodium 3485-82-3 2519.43 12.4 NA NA 445.0 2.19 203.18 2.19
305 n- Butanal 123-72-8 923.14 12.8 2488.1 34.5 NA NA 72.12 34.5
306 Anisole 100-66-3 1427.58 13.2 3698.7 34.2 NA NA 108.15 34.2
307 2- Ethylbutanal 97-96-1 1322.38 13.2 3977.1 39.7 NA NA 100.18 39.7
308 33 Chloroform 67-66-3 1599.56 13.4 908.4 7.61 35.8 0.3 119.37 7.61
309 Isobutanal 78-84-2 973.62 13.5 2812.7 39 NA NA 72.12 39
126 Triethyl citrate 77-93-0 4061.90 14.7 6990.9 25.3 NA NA 276.32 25.3
310 Tributylamine 102-82-9 2855.16 15.4 539.5 2.91 NA NA 185.4 2.91
311 1- Hexanol 111-27-3 1573.88 15.4 719.5 7.04 1952.0 19.1 102.2 7.04
312 Benzoic acid 65-85-0 1917.44 15.7 2528.1 20.7 2369.3 19.4 122.13 20.7
313 Xanthinol nicotinate 437-74-1 6865.26 15.8 14121.6 32.5 17336.9 39.9 434.51 32.5
314 Saccharin 81-07-2 3004.32 16.4 NA NA 17000.0 92.8 183.19 92.8
315 Isobenzoic furano dione 2518.04 17 4014.1 27.1 1999.6 13.5 148.12 27.1
316 Toluene 108-88-3 1575.77 17.1 5003.7 54.3 NA NA 92.15 54.3
317 Barbital sodium 144-02-5 3835.32 18.6 NA NA 800.1 3.88 206.2 3.88
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318 Trifluoroacetic acid 76-05-1 2337.62 20.5 199.6 1.75 NA NA 114.03 1.75
127 Dimethyl phthalate 131-11-3 4544.28 23.4 6894.1 35.5 7204.8 37.1 194.2 35.5
319 Methylpentinol 77-75-8 2336.21 23.8 NA NA 525.2 5.35 98.16 5.35
320 N,N- Dimethylacetamide 127-19-5 2108.79 24.2 5089.0 58.4 4618.4 53 87.14 58.4
321 Acetic acid 64-19-7 1459.46 24.3 3309.3 55.1 4961.0 82.6 60.06 55.1
322 1- Pentanol 71-41-0 2195.43 24.9 3033.0 34.4 200.1 2.27 88.17 34.4
323 Urethan 51-79-6 2307.95 25.9 NA NA 2504.0 28.1 89.11 28.1
324 2- Butoxyethanol 111-76-2 3073.20 26 1477.5 12.5 1229.3 10.4 118.2 12.5
325 Cyclohexanol 108-93-0 2634.73 26.3 2063.7 20.6 NA NA 100.18 20.6
326 Halothane 151-67-7 6138.83 31.1 5684.8 28.8 NA NA 197.39 28.8
327 20 Lithium I sulfate 10377-48-7 3704.98 33.7 NA NA 1187.4 10.8 109.94 10.8
328 36 Dichloromethane 75-09-2 2964.06 34.9 1596.7 18.8 NA NA 84.93 18.8
329 Sodium cyclamate 139-05-9 7123.90 35.4 15254.0 75.8 17004.8 84.5 201.24 75.8
330 Sulfuric acid 7664-93-9 3530.88 36 2138.1 21.8 NA NA 98.08 21.8
331 Strontium II chloride 10476-85-4 5770.13 36.4 2251.0 14.2 3107.0 19.6 158.52 14.2
332 1,4- Dioxane 123-91-1 3357.37 38.1 4203.3 47.7 5701.4 64.7 88.12 47.7
333 Lithium I chloride 7447-41-8 1636.25 38.6 758.8 17.9 1165.7 27.5 42.39 17.9
334 Isobutanol 78-83-1 2973.01 40.1 2461.4 33.2 NA NA 74.14 33.2
335 Potassium hexacyano- ferrate II 13943-58-3 15582.05 42.3 6409.6 17.4 5009.8 13.6 368.37 17.4
336 Nicotinamide 98-92-0 5423.02 44.4 3505.4 28.7 NA NA 122.14 28.7
337 Pyridine 110-86-1 3710.26 46.9 893.9 11.3 NA NA 79.11 11.3
338 1- Butanol 71-36-3 3892.35 52.5 793.3 10.7 NA NA 74.14 10.7
339 1- Nitropropane 79-46-9 5159.47 57.9 455.4 5.11 NA NA 89.11 5.11
340 Diethylene glycol 111-46-6 6591.29 62.1 14753.5 139 23669.2 223 106.14 139
341 Lactic acid 598-82-3 5945.94 66 3729.7 41.4 4873.9 54.1 90.09 41.4
342 Piperazine 110-85-0 5789.95 67.2 1904.1 22.1 1438.9 16.7 86.16 22.1
343 Magnesium II chloride * 6 H2O 7791-18-6 14314.43 70.4 8092.5 39.8 NA NA 203.33 39.8
344 13 Sodium chloride 7647-14-5 4435.60 75.9 2998.0 51.3 3997.3 68.4 58.44 51.3
345 Sodium I bromide 7647-15-6 8120.81 77.4 3504.3 33.4 6998.2 66.7 104.92 33.4
346 50 Potassium I chloride 7447-40-7 6113.10 82 2601.8 34.9 1498.5 20.1 74.55 34.9
347 Thiourea 62-56-6 6547.18 86 124.9 1.64 8526.6 112 76.13 1.64
348 1- Propanol 71-23-8 5800.62 96.5 5397.9 89.8 NA NA 60.11 89.8
349 Ethyl methyl ketone 78-93-3 7500.48 104 3396.9 47.1 NA NA 72.12 47.1
350 Tetrahydrofurfuryl alcohol 97-99-4 11338.65 111 2502.7 24.5 2298.4 22.5 102.15 24.5
351 Dimethylformamide 68-12-2 8334.54 114 2800.1 38.3 3750.5 51.3 73.11 38.3
352 1,2,6- Hexanetriol 106-69-4 16506.60 123 15969.8 119 NA NA 134.2 119
353 Ethyl acetate 141-78-6 11279.36 128 11015.0 125 NA NA 88.12 125
128 10 2- Propanol 67-63-0 10038.37 167 5842.7 97.2 NA NA 60.11 97.2
354 1,3,5- Trioxane 110-88-3 19189.17 213 800.0 8.88 NA NA 90.09 8.88
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355 D-Glucose 50-99-7 40720.68 226 25765.7 143 NA NA 180.18 143
356 2- Methoxyethanol 109-86-4 19103.61 251 2458.4 32.3 NA NA 76.11 32.3
129 Dimethyl sulfoxide 75-18-3 19691.28 252 19691.3 252 16487.5 211 78.14 252
357 Propylene glycol 57-55-6 26029.62 342 20016.9 263 23974.7 315 76.11 263
358 Acetonitrile 75-05-8 15110.08 368 3798.1 92.5 NA NA 41.06 92.5
130 9 Ethanol 64-17-5 17464.32 379 14008.3 304 7787.5 169 46.08 304
359 Acetone 67-64-1 25791.96 444 9759.1 168 NA NA 58.09 168
360 7 Ethylene glycol 107-21-1 34454.40 555 8567.0 138 7511.7 121 62.08 138
131 Glycerol 56-81-5 57476.64 624 12619.1 137 25975.0 282 92.11 137
361 8 Methanol 67-56-1 29806.50 930 13012.3 406 NA NA 32.05 406
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29 28 Mercury II chloride 7487-94-7 4.07 0.015 1.0 0.0037 10.0 0.037 271.49 0.0037
143 Triethylene melamine 51-18-3 0.16 0.00078 1.0 0.005 14.9 0.073 204.27 0.005
177 Busulphan 55-98-1 11.33 0.046 1.9 0.0076 199.5 0.81 246.32 0.0076
13 Cycloheximide 66-81-9 0.17 0.00059 2.0 0.0071 132.3 0.47 281.39 0.0071
51 Disulfoton 298-04-4 30.19 0.11 2.0 0.0073 5.5 0.02 274.42 0.0073
49 Parathion 56-38-2 27.09 0.093 2.0 0.0069 6.1 0.021 291.28 0.0069

234 Phenylthiourea 103-85-5 82.20 0.54 3.0 0.02 10.0 0.066 152.23 0.02
37 Aflatoxin B1 1162-65-8 10.62 0.034 5.0 0.016 9.1 0.029 312.29 0.016

137 Triethyltin chloride 994-31-0 0.11 0.00046 5.1 0.021 NA NA 241.35 0.021
2 Actinomycin D 50-76-0 0.01 0.0000081 7.2 0.0057 12.6 0.01 1255.6 0.0057

252 19 Potassium cyanide 151-50-8 72.93 1.12 9.8 0.15 8.5 0.13 65.12 0.15
148 Nitrogen mustard * HCl 55-86-7 0.50 0.0026 10.0 0.052 19.3 0.1 192.53 0.052
60 Indomethacin 53-86-1 57.25 0.16 12.2 0.034 19.0 0.053 357.81 0.034
14 Mitomycin C 50-07-7 0.28 0.00084 14.0 0.042 17.1 0.051 334.37 0.042

153 26 Arsenic III trioxide 1327-53-3 0.83 0.0042 19.8 0.1 45.5 0.23 197.84 0.1
192 1,3- Bis(2-chloroethyl)- 1-nitrosourea 154-93-8 16.70 0.078 19.9 0.093 19.1 0.089 214.07 0.093
150 Cis-platinum 15663-27-1 0.84 0.0028 25.8 0.086 33.0 0.11 300.07 0.086
68 2,4- Dinitrophenol 51-28-5 38.67 0.21 29.5 0.16 44.2 0.24 184.12 0.16
43 Aldrin 309-00-2 24.45 0.067 40.1 0.11 43.8 0.12 364.9 0.11

185 Heptachlor 76-44-8 22.02 0.059 41.1 0.11 67.2 0.18 373.3 0.11
132 Triphenyltin hydroxide 76-87-9 0.02 0.000049 44.0 0.12 245.9 0.67 367.03 0.12
241 Sodium azide 26628-22-8 46.16 0.71 44.9 0.69 27.3 0.42 65.02 0.69
207 Dieldrin 60-57-1 68.56 0.18 45.7 0.12 38.1 0.1 380.9 0.12
179 Acrolein 107-02-8 2.64 0.047 46.0 0.82 39.8 0.71 56.07 0.82
144 Sodium bichromate VI 10588-01-9 0.24 0.00093 49.8 0.19 NA NA 261.98 0.19
103 18 Nicotine 54-11-5 290.45 1.79 50.3 0.31 24.3 0.15 162.26 0.31
173 39 Pentachlorophenol 87-86-5 9.59 0.036 50.6 0.19 NA NA 266.32 0.19
262 47 Amphetamine sulfate 60-13-9 726.02 1.97 55.3 0.15 24.0 0.065 368.54 0.15

8 Digitoxin 71-63-6 0.08 0.00011 55.8 0.073 NA NA 765.05 0.073
235 25 Paraquat 4685-14-7 100.58 0.54 57.7 0.31 195.6 1.05 186.25 0.31
157 38 Hexachlorophene 70-30-4 3.21 0.0079 61.0 0.15 65.1 0.16 406.89 0.15
292 Allylalcohol 107-18-6 403.14 6.94 63.9 1.1 95.8 1.65 58.09 1.1
10 Emetine 483-18-1 0.08 0.00016 67.3 0.14 NA NA 480.71 0.14

223 32 Lindane 58-89-9 119.24 0.41 75.6 0.26 87.2 0.3 290.82 0.26
255 Sodium monochloroacetate 3926-62-3 168.90 1.45 75.7 0.65 NA NA 116.48 0.65
190 Chlorambucil 305-03-3 23.12 0.076 76.1 0.25 100.4 0.33 304.24 0.25
149 Chromium VI trioxide 1333-82-0 0.27 0.0027 80.0 0.8 127.0 1.27 100 0.8
180 p- Phenylenediamine 106-50-3 5.41 0.05 80.0 0.74 NA NA 108.16 0.74
62 Cobalt II chloride 7646-79-9 20.77 0.16 80.5 0.62 80.5 0.62 129.83 0.62

LD50 RATRC # MEIC # Chemical LD50 MOUSECAS # IC50x 
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110 Acrylonitrile 107-13-1 128.43 2.42 81.7 1.54 27.1 0.51 53.07 1.54
237 Beryllium II sulfate 13510-49-1 64.09 0.61 82.0 0.78 79.9 0.76 105.07 0.78
220 m- Dinitrobenzene 99-65-0 65.57 0.39 82.4 0.49 NA NA 168.12 0.49
229 22 Dextropropoxyphene * HCl 1639-60-7 184.23 0.49 82.7 0.22 82.7 0.22 375.98 0.22
20 Cadmium II chloride 10108-64-2 1.17 0.0064 88.0 0.48 174.1 0.95 183.3 0.48

219 Hydralazine 86-54-4 52.87 0.33 89.7 0.56 121.8 0.76 160.2 0.56
160 N- Methyl-N'-nitro-N-nitroso- guanidine 70-25-7 1.77 0.012 89.7 0.61 NA NA 147.12 0.61
283 Milrinone 78415-72-2 1007.61 4.77 90.8 0.43 137.3 0.65 211.24 0.43
116 Cyclophosphamide * H2O 6055-19-2 870.89 3.12 94.9 0.34 136.8 0.49 279.13 0.34
217 Amrinone 60719-84-8 52.42 0.28 101.1 0.54 288.3 1.54 187.22 0.54
194 p- Toluylendiamine 95-70-5 11.49 0.094 101.4 0.83 NA NA 122.19 0.83
74 Nickel II chloride 7718-54-9 34.99 0.27 105.0 0.81 NA NA 129.61 0.81

281 1,2- Dibromomethane 106-93-4 730.17 4.2 107.8 0.62 NA NA 173.85 0.62
196 40 VerapamilHCl 152-11-4 49.11 0.1 108.0 0.22 162.1 0.33 491.13 0.22
198 Ioxynil 1689-83-4 40.80 0.11 111.3 0.3 NA NA 370.91 0.3
151 Hexachlorocyclopentadiene 77-47-4 0.85 0.0031 111.8 0.41 NA NA 272.75 0.41
167 p,p' DDD 72-54-8 7.68 0.024 112.0 0.35 NA NA 320.04 0.35
61 p,p' DDT 50-29-3 56.72 0.16 113.4 0.32 134.7 0.38 354.48 0.32

138 Tributyltin chloride 1461-22-9 0.18 0.00054 120.4 0.37 NA NA 325.53 0.37
232 o- Cresol 95-48-7 56.24 0.52 121.1 1.12 343.9 3.18 108.15 1.12
347 Thiourea 62-56-6 6547.18 86 124.9 1.64 8526.6 112 76.13 1.64
69 Secobarbital sodium 309-43-3 54.66 0.21 124.9 0.48 NA NA 260.3 0.48

134 Rotenone 83-79-4 0.05 0.00013 130.2 0.33 351.1 0.89 394.45 0.33
9 Amethopterin 59-05-2 0.06 0.00014 136.4 0.3 145.4 0.32 454.5 0.3

199 Cupric chloride 7447-39-4 14.79 0.11 139.8 1.04 189.6 1.41 134.44 1.04
27 Chlorpromazine 50-53-3 4.46 0.014 140.3 0.44 261.5 0.82 318.89 0.44
96 Cygon 60-51-5 284.29 1.24 151.3 0.66 59.6 0.26 229.27 0.66

227 46 Sodium oxalate 62-76-0 58.96 0.44 155.4 1.16 NA NA 134 1.16
118 24 Phenobarbital 50-06-6 884.91 3.81 162.6 0.7 167.2 0.72 232.26 0.7
225 Ammonium sulfide 12135-76-1 21.47 0.42 168.2 3.29 NA NA 51.12 3.29
16 Azaserine 115-02-6 0.35 0.002 169.7 0.98 150.6 0.87 173.15 0.98

102 Acrylamide 79-06-1 114.45 1.61 169.9 2.39 169.9 2.39 71.09 2.39
64 Bendiocarb 22781-23-3 40.19 0.18 178.6 0.8 NA NA 223.25 0.8

106 14 Sodium I fluoride 7681-49-4 77.68 1.85 180.1 4.29 NA NA 41.99 4.29
112 48 Caffeine 58-08-2 512.74 2.64 192.3 0.99 619.6 3.19 194.22 0.99
253 Isoxepac 55453-87-7 356.81 1.33 198.5 0.74 NA NA 268.28 0.74
318 Trifluoroacetic acid 76-05-1 2337.62 20.5 199.6 1.75 NA NA 114.03 1.75
87 Pentobarbital sodium 57-33-0 176.29 0.71 201.1 0.81 280.6 1.13 248.29 0.81

212 p- Cresol 106-44-5 23.79 0.22 206.6 1.91 343.9 3.18 108.15 1.91
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17 5- Fluorouracil 51-21-8 0.34 0.0026 230.3 1.77 114.5 0.88 130.09 1.77
206 Diquat dibromide 85-00-7 55.05 0.16 230.5 0.67 234.0 0.68 344.08 0.67
239 m- Cresol 108-39-4 71.38 0.66 242.3 2.24 828.4 7.66 108.15 2.24
269 Potassium I fluoride 7789-23-3 181.85 3.13 245.2 4.22 NA NA 58.1 4.22
73 Carbaryl 63-25-2 52.32 0.26 249.5 1.24 438.7 2.18 201.24 1.24
35 Flufenamic acid 530-78-9 8.16 0.029 272.8 0.97 714.4 2.54 281.25 0.97

260 Coumarin 91-64-5 249.92 1.71 292.3 2 195.8 1.34 146.15 2
228 2,4,5- Trichlorophen- oxyacetic acid 93-76-5 112.41 0.44 298.9 1.17 388.3 1.52 255.48 1.17
81 27 Cupric sulfate * 5 H2O 7758-99-8 82.40 0.33 299.6 1.2 NA NA 249.7 1.2

245 Resorcinol 108-46-3 88.10 0.8 300.6 2.73 NA NA 110.12 2.73
279 Thioacetamide 62-55-5 313.33 4.17 301.3 4.01 NA NA 75.14 4.01
38 Imipramine * HCl 113-52-0 17.11 0.054 304.2 0.96 374.0 1.18 316.91 0.96

205 Versalide 88-29-9 38.77 0.15 315.3 1.22 NA NA 258.44 1.22
261 3 Ferrous sulfate 7720-78-7 281.03 1.85 319.0 2.1 978.3 6.44 151.91 2.1
183 5 Amitriptyline 50-48-6 15.54 0.056 319.1 1.15 147.0 0.53 277.44 1.15
86 31 Warfarin 81-81-2 206.59 0.67 323.8 1.05 373.1 1.21 308.35 1.05

176 Papaverine 58-74-2 15.27 0.045 325.8 0.96 230.8 0.68 339.42 0.96
249 3- Cyano-2-morpholino-5-(pyrid-4-yl)-pyridine (Chemical 122) 255.66 0.96 346.2 1.3 NA NA 266.31 1.3
282 (-)- Phenylephrine 59-42-7 744.17 4.45 349.5 2.09 NA NA 167.23 2.09
55 Zinc II chloride 7646-85-7 17.72 0.13 350.2 2.57 350.2 2.57 136.27 2.57

278 Phenylephrine * HCl 939-38-8 847.35 4.16 350.3 1.72 120.2 0.59 203.69 1.72
210 p- Nitrophenol 100-02-7 27.82 0.2 350.6 2.52 467.4 3.36 139.12 2.52
246 37 Barium II nitrate 10022-31-8 211.70 0.81 355.4 1.36 NA NA 261.36 1.36
90 Iproniazid 54-92-2 141.61 0.79 365.7 2.04 681.2 3.8 179.25 2.04

254 Buflomedil 55837-25-7 415.03 1.35 365.8 1.19 NA NA 307.43 1.19
89 16 2,4- Dichlorophenoxy- acetic acid 94-75-7 170.20 0.77 369.1 1.67 366.9 1.66 221.04 1.67
79 Phenylbutazone 50-33-9 98.69 0.32 376.3 1.22 441.0 1.43 308.41 1.22

172 Nabam 142-59-6 8.97 0.035 394.8 1.54 579.3 2.26 256.34 1.54
155 Benzalkonium chloride 8001-54-5 1.90 0.0052 401.5 1.1 339.5 0.93 365 1.1
159 Hexadecyltrimethylammoniumbromide 57-09-0 3.24 0.0089 408.3 1.12 NA NA 364.53 1.12
115 12 Phenol 108-95-2 283.30 3.01 414.1 4.4 300.2 3.19 94.12 4.4
230 42 Orphenadrine * HCl 341-69-5 149.88 0.49 425.2 1.39 125.4 0.41 305.88 1.39
291 Aniline 62-53-3 642.67 6.9 439.6 4.72 439.6 4.72 93.14 4.72
75 Trichlorfon 52-68-6 69.51 0.27 450.5 1.75 298.6 1.16 257.44 1.75

339 1- Nitropropane 79-46-9 5159.47 57.9 455.4 5.11 NA NA 89.11 5.11
53 43 Quinidine sulfate 50-54-4 50.70 0.12 456.3 1.08 595.8 1.41 422.54 1.08
40 Chlordan 57-74-9 24.59 0.06 458.9 1.12 NA NA 409.76 1.12

163 Cetyltrimethylammonium chloride 112-02-7 7.61 0.021 474.4 1.31 NA NA 362.16 1.31
264 Chloral hydrate 302-17-0 438.31 2.65 479.7 2.9 1101.6 6.66 165.4 2.9
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204 Azathioprine 446-86-6 38.82 0.14 535.2 1.93 1389.2 5.01 277.29 1.93
310 Tributylamine 102-82-9 2855.16 15.4 539.5 2.91 NA NA 185.4 2.91
187 4- Hexylresorcinol 136-77-6 12.44 0.064 549.9 2.83 NA NA 194.3 2.83
26 Kelthane 115-32-2 4.45 0.012 574.2 1.55 418.6 1.13 370.48 1.55
39 2,4- Dichlorophenol 120-83-2 8.97 0.055 580.3 3.56 1600.7 9.82 163 3.56

280 Theophylline sodium acetate 8002-89-9 1098.74 4.19 582.2 2.22 NA NA 262.23 2.22
147 Mitoxantrone 65271-80-9 1.07 0.0024 586.8 1.32 NA NA 444.54 1.32
101 Glutethimide 77-21-4 338.97 1.56 599.7 2.76 360.7 1.66 217.29 2.76
45 Quinine * HCl 130-89-2 27.07 0.075 620.8 1.72 1158.6 3.21 360.92 1.72
70 49 Atropine sulfate 55-48-1 148.92 0.22 622.7 0.92 764.9 1.13 676.9 0.92

302 Nitrobenzene 98-95-3 1502.06 12.2 640.2 5.2 NA NA 123.12 5.2
123 35 Isoniazid 54-85-3 1027.33 7.49 650.1 4.74 NA NA 137.16 4.74
256 Tin II chloride 7772-99-8 286.28 1.51 699.6 3.69 1200.1 6.33 189.59 3.69
63 4 Diazepam 439-14-5 45.56 0.16 709.1 2.49 535.3 1.88 284.76 2.49

168 Dicoumarol 66-76-2 9.08 0.027 709.6 2.11 232.1 0.69 336.31 2.11
311 1- Hexanol 111-27-3 1573.88 15.4 719.5 7.04 1952.0 19.1 102.2 7.04
174 Ambazone 539-21-9 9.02 0.038 749.9 3.16 999.1 4.21 237.32 3.16
242 1,2,4- Trichlorobenzene 120-82-1 128.82 0.71 756.6 4.17 765.7 4.22 181.44 4.17
333 Lithium I chloride 7447-41-8 1636.25 38.6 758.8 17.9 1165.7 27.5 42.39 17.9
114 Natulan * HCl 366-70-1 706.37 2.74 783.7 3.04 NA NA 257.8 3.04
48 Mefenamic acid 61-68-7 20.99 0.087 789.1 3.27 629.8 2.61 241.31 3.27

338 1- Butanol 71-36-3 3892.35 52.5 793.3 10.7 NA NA 74.14 10.7
202 Formaldehyde 50-00-0 3.60 0.12 798.8 26.6 NA NA 30.03 26.6
188 t- Butyl hydroquinone 1948-33-0 11.47 0.069 799.6 4.81 1000.8 6.02 166.24 4.81
354 1,3,5- Trioxane 110-88-3 19189.17 213 800.0 8.88 NA NA 90.09 8.88
58 Dihydralazine sulfate 7327-87-9 40.36 0.14 818.8 2.84 400.8 1.39 288.32 2.84

213 Ammonium persulfate 7727-54-0 52.49 0.23 819.3 3.59 NA NA 228.22 3.59
71 Diphenhydramine * HCl 147-24-0 70.04 0.24 855.1 2.93 113.8 0.39 291.85 2.93

285 Caffeine sodium benzoate 8000-95-1 1918.33 5.67 859.4 2.54 798.5 2.36 338.33 2.54
197 p,p' DDE 72-55-9 31.80 0.1 880.9 2.77 NA NA 318.02 2.77
67 15 Malathion 121-75-5 66.08 0.2 885.4 2.68 776.4 2.35 330.38 2.68

259 Methyl salicylate 119-36-8 258.67 1.7 887.1 5.83 NA NA 152.16 5.83
184 Butylated hydroxytoluene 128-37-0 12.34 0.056 890.4 4.04 1040.2 4.72 220.39 4.04
272 Salicylic acid 69-72-7 466.88 3.38 890.9 6.45 479.3 3.47 138.13 6.45
337 Pyridine 110-86-1 3710.26 46.9 893.9 11.3 NA NA 79.11 11.3
308 33 Chloroform 67-66-3 1599.56 13.4 908.4 7.61 35.8 0.3 119.37 7.61
44 Hydroxyzine * HCl 1244-76-4 27.56 0.067 950.4 2.31 NA NA 411.41 2.31
31 41 Chloroquine diphosphate 50-63-5 8.77 0.017 969.9 1.88 500.4 0.97 515.92 1.88

214 Thymol 89-83-8 34.56 0.23 979.6 6.52 1802.9 12 150.24 6.52
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65 Oxyphenbutazone 129-20-4 61.64 0.19 999.2 3.08 480.1 1.48 324.41 3.08
121 Aminophenazone 58-15-1 1246.87 5.39 999.3 4.32 358.6 1.55 231.33 4.32
80 2- Thiouracil 141-90-2 41.01 0.32 999.6 7.8 NA NA 128.16 7.8

304 Calcium II chloride 10043-52-4 1376.15 12.4 999.9 9.01 NA NA 110.98 9.01
107 2 Acetylsalicylic acid 50-78-2 408.99 2.27 999.9 5.55 814.4 4.52 180.17 5.55
233 Ibuprofen 15687-27-1 107.28 0.52 1008.9 4.89 980.0 4.75 206.31 4.89
47 Naftipramide 1505-95-9 25.07 0.084 1029.7 3.45 1086.4 3.64 298.47 3.45

218 o- Phenylenediamine 95-54-5 33.53 0.31 1069.7 9.89 NA NA 108.16 9.89
41 Chloroquine sulfate 132-73-0 25.08 0.06 1086.8 2.6 NA NA 418 2.6

296 Homatropine methylbromide 80-49-9 3332.97 9 1199.9 3.24 1399.8 3.78 370.33 3.24
152 8- Hydroxyquinoline 148-24-3 0.48 0.0033 1200.6 8.27 NA NA 145.17 8.27
287 Benzylalcohol 100-51-6 628.35 5.81 1232.9 11.4 1579.0 14.6 108.15 11.4
111 Clofibric acid 882-09-7 560.26 2.61 1249.3 5.82 1169.9 5.45 214.66 5.82
226 Dodecylbenzene sodiumsulfonate 25155-30-0 146.38 0.42 1261.6 3.62 2000.5 5.74 348.52 3.62
251 Scopolamine * HBr 6533-68-2 415.05 1.08 1268.2 3.3 1879.3 4.89 384.31 3.3
76 Sodium dodecyl sulfate 151-21-3 78.15 0.27 1288.0 4.45 NA NA 289.43 4.45

191 Dimenhydrinate 523-87-5 35.72 0.076 1320.8 2.81 202.1 0.43 470.02 2.81
99 Nalidixic acid 389-08-2 348.39 1.5 1349.4 5.81 571.4 2.46 232.26 5.81

243 p- Anisidine 104-94-9 89.91 0.73 1404.1 11.4 NA NA 123.17 11.4
270 Propionaldehyde 123-38-6 188.79 3.25 1411.6 24.3 NA NA 58.09 24.3
164 Oxatomide 60607-34-3 8.11 0.019 1412.1 3.31 9598.7 22.5 426.61 3.31
275 Nitrilotriacetic acid 139-13-9 690.09 3.61 1470.0 7.69 3154.1 16.5 191.16 7.69
324 2- Butoxyethanol 111-76-2 3073.20 26 1477.5 12.5 1229.3 10.4 118.2 12.5
56 Manganese IIchloride *4 H2O 13446-34-9 25.73 0.13 1484.4 7.5 NA NA 197.92 7.5

136 Diethyldithiocarbamate sodium* 3H20 20624-25-3 0.09 0.00039 1500.7 6.66 1500.7 6.66 225.33 6.66
328 36 Dichloromethane 75-09-2 2964.06 34.9 1596.7 18.8 NA NA 84.93 18.8
119 Sodium salicylate 54-21-7 693.28 4.33 1599.5 9.99 899.8 5.62 160.11 9.99
166 Triisooctylamine 2757-28-0 8.14 0.023 1620.2 4.58 NA NA 353.76 4.58
284 Ammonium chloride 12125-02-9 295.32 5.52 1647.8 30.8 NA NA 53.5 30.8
97 Phenacetin 62-44-2 227.63 1.27 1650.8 9.21 1220.6 6.81 179.24 9.21

248 m- Aminophenol 591-27-5 93.86 0.86 1658.9 15.2 NA NA 109.14 15.2
42 p- Aminophenol 23-30-8 6.77 0.062 1658.9 15.2 NA NA 109.14 15.2
78 6- Methylcoumarin 92-48-8 49.66 0.31 1681.9 10.5 NA NA 160.18 10.5

200 Dimethylaminoethyl methacrylate (polymer) 2867-47-2 17.30 0.11 1745.4 11.1 NA NA 157.24 11.1
57 L- Dopa 59-92-7 25.64 0.13 1780.8 9.03 2366.5 12 197.21 9.03

182 Triton X-100 9002-93-1 35.59 0.055 1798.7 2.78 NA NA 647 2.78
300 Antipyrine 60-80-0 2183.70 11.6 1799.7 9.56 1699.9 9.03 188.25 9.56
95 Salicylamide 65-45-2 148.12 1.08 1892.7 13.8 1398.9 10.2 137.15 13.8

342 Piperazine 110-85-0 5789.95 67.2 1904.1 22.1 1438.9 16.7 86.16 22.1
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263 Acetaldehyde 75-07-0 107.95 2.45 1929.8 43.8 NA NA 44.06 43.8
139 Retinol 68-26-8 0.15 0.00054 1999.8 6.98 4011.0 14 286.5 6.98
52 all-trans-Retinoic acid 302-79-4 33.05 0.11 2001.2 6.66 NA NA 300.48 6.66

325 Cyclohexanol 108-93-0 2634.73 26.3 2063.7 20.6 NA NA 100.18 20.6
330 Sulfuric acid 7664-93-9 3530.88 36 2138.1 21.8 NA NA 98.08 21.8
72 Butylated hydoxyanisole 8003-24-5 43.26 0.24 2199.3 12.2 2001.0 11.1 180.27 12.2

165 Isoproterenol * HCl 51-30-9 5.45 0.022 2219.8 8.96 NA NA 247.75 8.96
331 Strontium II chloride 10476-85-4 5770.13 36.4 2251.0 14.2 3107.0 19.6 158.52 14.2
113 1 Acetaminophen 103-90-2 409.70 2.71 2403.8 15.9 338.6 2.24 151.18 15.9
356 2- Methoxyethanol 109-86-4 19103.61 251 2458.4 32.3 NA NA 76.11 32.3
334 Isobutanol 78-83-1 2973.01 40.1 2461.4 33.2 NA NA 74.14 33.2
305 n- Butanal 123-72-8 923.14 12.8 2488.1 34.5 NA NA 72.12 34.5
350 Tetrahydrofurfuryl alcohol 97-99-4 11338.65 111 2502.7 24.5 2298.4 22.5 102.15 24.5
208 Undecylenic acid 112-38-9 33.18 0.18 2506.6 13.6 8496.7 46.1 184.31 13.6
312 Benzoic acid 65-85-0 1917.44 15.7 2528.1 20.7 2369.3 19.4 122.13 20.7
238 Imidazolidinyl urea 39236-46-9 100.17 0.36 2598.9 9.34 3700.9 13.3 278.26 9.34
109 Frusemide 54-31-9 770.67 2.33 2599.8 7.86 4597.6 13.9 330.76 7.86
346 50 Potassium I chloride 7447-40-7 6113.10 82 2601.8 34.9 1498.5 20.1 74.55 34.9
158 Dichlorophene 97-23-4 2.23 0.0083 2691.3 10 1001.2 3.72 269.13 10
273 Bromobenzene 108-86-1 543.29 3.46 2700.7 17.2 NA NA 157.02 17.2
295 2,5- Hexanedione 110-13-4 964.65 8.45 2705.6 23.7 NA NA 114.16 23.7
125 34 Carbon tetrachloride 56-23-5 1308.92 8.51 2799.3 18.2 12797.0 83.2 153.81 18.2
351 Dimethylformamide 68-12-2 8334.54 114 2800.1 38.3 3750.5 51.3 73.11 38.3
309 Isobutanal 78-84-2 973.62 13.5 2812.7 39 NA NA 72.12 39
298 Dichloroacetic acid 79-43-6 1482.81 11.5 2823.8 21.9 5518.6 42.8 128.94 21.9
344 13 Sodium chloride 7647-14-5 4435.60 75.9 2998.0 51.3 3997.3 68.4 58.44 51.3
322 1- Pentanol 71-41-0 2195.43 24.9 3033.0 34.4 200.1 2.27 88.17 34.4
221 2- Nitro-p-phenylene-diamine 5307-14-2 59.73 0.39 3078.5 20.1 NA NA 153.16 20.1
216 Refortan 78.28 0.25 3162.3 10.1 NA NA 313.1 10.1
94 Menthol 89-78-1 148.49 0.95 3172.9 20.3 NA NA 156.3 20.3

257 Isononylaldehyde 5435-64-3 216.25 1.52 3243.8 22.8 NA NA 142.27 22.8
288 1- Heptanol 111-70-6 726.44 6.25 3254.4 28 1499.4 12.9 116.23 28
321 Acetic acid 64-19-7 1459.46 24.3 3309.3 55.1 4961.0 82.6 60.06 55.1
91 45 Chloramphenicol 56-75-7 255.29 0.79 3393.1 10.5 2640.1 8.17 323.15 10.5

349 Ethyl methyl ketone 78-93-3 7500.48 104 3396.9 47.1 NA NA 72.12 47.1
345 Sodium I bromide 7647-15-6 8120.81 77.4 3504.3 33.4 6998.2 66.7 104.92 33.4
336 Nicotinamide 98-92-0 5423.02 44.4 3505.4 28.7 NA NA 122.14 28.7
306 Anisole 100-66-3 1427.58 13.2 3698.7 34.2 NA NA 108.15 34.2
341 Lactic acid 598-82-3 5945.94 66 3729.7 41.4 4873.9 54.1 90.09 41.4
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358 Acetonitrile 75-05-8 15110.08 368 3798.1 92.5 NA NA 41.06 92.5
211 Catechol 120-80-9 22.02 0.2 3887.2 35.3 259.9 2.36 110.12 35.3
307 2- Ethylbutanal 97-96-1 1322.38 13.2 3977.1 39.7 NA NA 100.18 39.7
315 Isobenzoic furano dione 2518.04 17 4014.1 27.1 1999.6 13.5 148.12 27.1
332 1,4- Dioxane 123-91-1 3357.37 38.1 4203.3 47.7 5701.4 64.7 88.12 47.7
301 17 Xylene 1330-20-7 1274.16 12 4300.3 40.5 NA NA 106.18 40.5
154 Maneb 12427-38-2 1.12 0.0042 4500.6 16.9 3994.7 15 266.31 16.9
294 Trichloroacetic acid 76-03-9 1338.08 8.19 4999.4 30.6 5636.6 34.5 163.38 30.6
271 Styrene 100-42-5 343.73 3.3 4999.7 48 315.6 3.03 104.16 48
316 Toluene 108-88-3 1575.77 17.1 5003.7 54.3 NA NA 92.15 54.3
320 N,N- Dimethylacetamide 127-19-5 2108.79 24.2 5089.0 58.4 4618.4 53 87.14 58.4
224 n- Butyl benzoate 136-60-7 73.08 0.41 5133.6 28.8 NA NA 178.25 28.8
186 Zineb 12122-67-7 16.27 0.059 5211.3 18.9 7610.1 27.6 275.73 18.9
348 1- Propanol 71-23-8 5800.62 96.5 5397.9 89.8 NA NA 60.11 89.8
326 Halothane 151-67-7 6138.83 31.1 5684.8 28.8 NA NA 197.39 28.8
128 10 2- Propanol 67-63-0 10038.37 167 5842.7 97.2 NA NA 60.11 97.2
50 Trypan blue 72-57-1 91.66 0.095 6204.2 6.43 NA NA 964.88 6.43

108 Gibberellic acid 77-06-5 796.74 2.3 6304.7 18.2 NA NA 346.41 18.2
335 Potassium hexacyano- ferrate II 13943-58-3 15582.05 42.3 6409.6 17.4 5009.8 13.6 368.37 17.4
59 Tetracycline * HCl 64-75-5 67.33 0.14 6444.6 13.4 NA NA 480.94 13.4

127 Dimethyl phthalate 131-11-3 4544.28 23.4 6894.1 35.5 7204.8 37.1 194.2 35.5
286 Benzylpenicillin sodium 69-57-8 2042.17 5.73 6914.2 19.4 NA NA 356.4 19.4
126 Triethyl citrate 77-93-0 4061.90 14.7 6990.9 25.3 NA NA 276.32 25.3
85 Metamizol 68-89-3 193.94 0.58 7189.2 21.5 NA NA 334.38 21.5

343 Magnesium II chloride * 6 H2O 7791-18-6 14314.43 70.4 8092.5 39.8 NA NA 203.33 39.8
360 7 Ethylene glycol 107-21-1 34454.40 555 8567.0 138 7511.7 121 62.08 138
122 Diethyl phthalate 84-66-2 1226.88 5.52 8601.5 38.7 6178.8 27.8 222.26 38.7
289 Tetrachloroethene 127-18-4 1084.46 6.54 8854.8 53.4 8092.0 48.8 165.82 53.4
117 Di(2-ethylhexyl)adipate 103-23-1 1167.52 3.15 9117.7 24.6 NA NA 370.64 24.6
162 Chlorhexidine 55-56-1 7.58 0.015 9200.5 18.2 9857.6 19.5 505.52 18.2
359 Acetone 67-64-1 25791.96 444 9759.1 168 NA NA 58.09 168
18 Captan 133-06-2 1.17 0.0039 10009.6 33.3 7003.7 23.3 300.59 33.3

297 11 1,1,1- Trichloroethane 71-55-6 1374.02 10.3 10298.5 77.2 11245.6 84.3 133.4 77.2
353 Ethyl acetate 141-78-6 11279.36 128 11015.0 125 NA NA 88.12 125
100 L- Ascorbic acid 50-81-7 267.73 1.52 11907.1 67.6 3364.3 19.1 176.14 67.6
88 Dibutyl phthalate 84-74-2 211.57 0.76 11998.2 43.1 NA NA 278.38 43.1

131 Glycerol 56-81-5 57476.64 624 12619.1 137 25975.0 282 92.11 137
361 8 Methanol 67-56-1 29806.50 930 13012.3 406 NA NA 32.05 406
130 9 Ethanol 64-17-5 17464.32 379 14008.3 304 7787.5 169 46.08 304
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313 Xanthinol nicotinate 437-74-1 6865.26 15.8 14121.6 32.5 17336.9 39.9 434.51 32.5
258 Diethyl sebacate 110-40-7 421.19 1.63 14470.4 56 NA NA 258.4 56
340 Diethylene glycol 111-46-6 6591.29 62.1 14753.5 139 23669.2 223 106.14 139
329 Sodium cyclamate 139-05-9 7123.90 35.4 15254.0 75.8 17004.8 84.5 201.24 75.8
352 1,2,6- Hexanetriol 106-69-4 16506.60 123 15969.8 119 NA NA 134.2 119
129 Dimethyl sulfoxide 75-18-3 19691.28 252 19691.3 252 16487.5 211 78.14 252
357 Propylene glycol 57-55-6 26029.62 342 20016.9 263 23974.7 315 76.11 263
355 D-Glucose 50-99-7 40720.68 226 25765.7 143 NA NA 180.18 143
92 Di(2-ethylhexyl)phthalate 117-81-7 328.12 0.84 31015.2 79.4 29999.6 76.8 390.62 79.4

124 Acetazolamide 59-66-5 1886.99 8.49 NA NA 4289.6 19.3 222.26 19.3
28 Aldosterone 52-39-1 5.05 0.014 NA NA NA NA 360.44

276 Ambuphylline 5634-34-4 988.51 3.67 NA NA 600.7 2.23 269.35 2.23
3 Aminopterin 54-62-6 0.01 0.000012 NA NA 3.0 0.0068 440.47 0.0068

120 5- Aminosalicylic acid 89-57-6 776.47 5.07 NA NA 7749.4 50.6 153.15 50.6
84 Amobarbital 57-43-2 126.73 0.56 NA NA 344.0 1.52 226.31 1.52

189 Antimycin 11118-72-2 17.52 0.07 NA NA 112.6 0.45 250.27 0.45
193 5- Azacytidine 320-67-2 19.29 0.079 NA NA 571.5 2.34 244.24 2.34
15 8- Azaguanine 134-58-7 0.20 0.0013 NA NA 1500.1 9.86 152.14 9.86

317 Barbital sodium 144-02-5 3835.32 18.6 NA NA 800.1 3.88 206.2 3.88
33 p- Chloromercuribenzoic acid 59-85-8 8.57 0.024 NA NA 25.0 0.07 357.16 0.07

215 Chlorotetracycline 57-62-5 114.94 0.24 NA NA 2500.0 5.22 478.92 5.22
77 Cinchophen 132-60-5 67.31 0.27 NA NA NA NA 249.28
6 Colchicine 64-86-8 0.02 0.000054 NA NA 6.0 0.015 399.48 0.015

66 Cortisone 53-06-5 68.49 0.19 NA NA NA NA 360.49
274 L- Cysteine 52-90-4 431.37 3.56 NA NA 660.4 5.45 121.17 5.45
19 Cytochalasin B 14930-96-2 2.40 0.005 NA NA NA NA 479.67

133 Cytochalasin D 22144-77-0 0.05 0.000092 NA NA 36.0 0.071 507.68 0.071
141 Cytosine arabinoside 147-94-4 0.17 0.00068 NA NA 3137.9 12.9 243.25 12.9
23 Daraprim 58-14-0 2.21 0.0089 NA NA 126.9 0.51 248.74 0.51

195 p,p' DDA 83-05-6 27.83 0.099 NA NA 590.4 2.1 281.14 2.1
34 Diethylstilbestrol 56-53-1 6.71 0.025 NA NA NA NA 268.38
22 6 Digoxin 20830-75-5 6.64 0.0085 NA NA 18.0 0.023 781.05 0.023

293 Diisopropylamine dichloroacetate 660-27-5 1611.12 7 NA NA 1700.9 7.39 230.16 7.39
82 44 Diphenylhydantoin 57-41-0 98.39 0.39 NA NA 199.3 0.79 252.29 0.79
11 Doxorubicin * HCl 25316-40-9 0.19 0.00033 NA NA 696.0 1.2 580.03 1.2

244 Doxylamine succinate 562-10-7 291.38 0.75 NA NA 470.1 1.21 388.51 1.21
169 Epinephrine bitartrate 51-42-3 9.33 0.028 NA NA 4.0 0.012 333.33 0.012
24 Ethylenediamine-tetraacetic acid 60-00-4 2.92 0.01 NA NA NA NA 292.28

171 Fumagillin 297-95-0 14.22 0.031 NA NA 1999.5 4.36 458.6 4.36
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222 Glibenclamide 10238-21-8 197.62 0.4 NA NA 3250.8 6.58 494.05 6.58
32 Hydrocortisone 50-23-7 7.98 0.022 NA NA NA NA 362.51

236 Hydrogen peroxide 90% 7722-84-1 19.05 0.56 NA NA 2000.4 58.8 34.02 58.8
267 p- Hydroxybenzoic acid 99-96-7 403.34 2.92 NA NA 2196.3 15.9 138.13 15.9
299 Imidazole 288-32-4 783.04 11.5 NA NA 1879.3 27.6 68.09 27.6
46 Lead II chloride 7758-95-4 11.96 0.043 NA NA NA NA 278.09

327 20 Lithium I sulfate 10377-48-7 3704.98 33.7 NA NA 1187.4 10.8 109.94 10.8
21 6- Mercaptopurine 50-44-2 1.22 0.008 NA NA 280.0 1.84 152.19 1.84

142 Methylmercury chloride 115-09-3 0.18 0.00071 NA NA 57.7 0.23 251.08 0.23
98 Methylparaben 99-76-3 216.07 1.42 NA NA 1749.8 11.5 152.16 11.5

319 Methylpentinol 77-75-8 2336.21 23.8 NA NA 525.2 5.35 98.16 5.35
175 Norepinephrine 51-41-2 6.60 0.039 NA NA 20.3 0.12 169.2 0.12
268 1- Octanol 111-87-5 398.60 3.06 NA NA 1784.6 13.7 130.26 13.7

7 Ouabain 630-60-4 0.04 0.000072 NA NA NA NA 584.73
240 Pentoxifylline 6493-05-6 183.71 0.66 NA NA 1386.2 4.98 278.35 4.98
146 Potassium bichromate VI 7778-50-9 0.59 0.002 NA NA 191.2 0.65 294.2 0.65
145 Potassium chromate VI 7789-00-6 0.29 0.0015 NA NA 180.6 0.93 194.2 0.93
277 Potassium cyanate 590-28-3 335.84 4.14 NA NA 843.6 10.4 81.12 10.4
266 Potassium hexacyanoferrate III 13746-66-2 928.54 2.82 NA NA 2970.0 9.02 329.27 9.02
36 Progesterone 57-83-0 9.44 0.03 NA NA NA NA 314.51
54 23 Propranolol * HCl 318-98-9 35.50 0.12 NA NA 470.4 1.59 295.84 1.59

209 Propylparaben 94-13-3 32.44 0.18 NA NA 6325.7 35.1 180.22 35.1
12 Puromycin 53-79-2 0.16 0.00033 NA NA 674.4 1.43 471.58 1.43

201 13-cis- Retinoic acid 4759-48-2 36.06 0.12 NA NA 3395.4 11.3 300.48 11.3
314 Saccharin 81-07-2 3004.32 16.4 NA NA 17000.0 92.8 183.19 92.8
178 Salicylanilide 87-17-2 9.81 0.046 NA NA 2409.7 11.3 213.25 11.3
161 Silver I nitrate 7761-88-8 2.21 0.013 NA NA 49.3 0.29 169.88 0.29
30 Sodium arsenate, dibasic 7778-43-0 2.79 0.015 NA NA NA NA 185.91

290 Sodium sulfite 7757-83-7 854.55 6.78 NA NA 820.5 6.51 126.04 6.51
156 Stearyltrimethylammoniumchloride 112-03-8 2.09 0.006 NA NA 536.1 1.54 348.13 1.54
265 Streptomycin sulfate 298-39-5 3979.25 2.73 NA NA 495.6 0.34 1457.6 0.34

5 K- Strophantin 0.03 0.000044 NA NA NA NA 710.9
93 Sulfisoxazole 127-69-5 227.23 0.85 NA NA 6790.2 25.4 267.33 25.4

135 2,3,7,8- Tetrachloro-dibenzo-p-dioxin 1746-01-6 0.06 0.0002 NA NA 0.1 0.00035 321.96 0.00035
247 (+)- Thalidomide 731-40-8 209.18 0.81 NA NA 400.3 1.55 258.25 1.55
203 Thallium I acetate 563-68-8 36.88 0.14 NA NA 34.2 0.13 263.42 0.13
181 30 Thallium I sulfate 7446-18-6 27.26 0.054 NA NA 28.8 0.057 504.8 0.057
105 21 Theophylline 58-55-9 329.75 1.83 NA NA 600.0 3.33 180.19 3.33
303 Theophylline sodium 3485-82-3 2519.43 12.4 NA NA 445.0 2.19 203.18 2.19
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25 Thio-TEPA 52-24-4 2.08 0.011 NA NA 37.8 0.2 189.24 0.2
140 6- Thioguanine 154-42-7 0.10 0.00057 NA NA 160.5 0.96 167.21 0.96
83 Thiopental 76-75-5 133.30 0.55 NA NA 601.1 2.48 242.37 2.48

170 29 Thioridazine * HCl 130-61-0 11.81 0.029 NA NA 358.2 0.88 407.07 0.88
104 Tolbutamide 64-77-7 489.39 1.81 NA NA 2601.1 9.62 270.38 9.62

1 Trenimon 68-76-8 0.00 0.0000033 NA NA NA NA 231.28
231 Tween 80 9005-65-6 641.90 0.49 NA NA 25021.0 19.1 1310 19.1
323 Urethan 51-79-6 2307.95 25.9 NA NA 2504.0 28.1 89.11 28.1
250 Valproate sodium 1069-66-5 166.22 1 NA NA 1695.4 10.2 166.22 10.2

4 Vincristine sulfate 2068-78-2 0.01 0.000015 NA NA NA NA 923.14
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263 Acetaldehyde 75-07-0 107.95 2.45 1929.8 43.8 NA NA 44.06 43.8
113 1 Acetaminophen 103-90-2 409.70 2.71 2403.8 15.9 338.6 2.24 151.18 15.9
124 Acetazolamide 59-66-5 1886.99 8.49 NA NA 4289.6 19.3 222.26 19.3
321 Acetic acid 64-19-7 1459.46 24.3 3309.3 55.1 4961.0 82.6 60.06 55.1
359 Acetone 67-64-1 25791.96 444 9759.1 168 NA NA 58.09 168
358 Acetonitrile 75-05-8 15110.08 368 3798.1 92.5 NA NA 41.06 92.5
107 2 Acetylsalicylic acid 50-78-2 408.99 2.27 999.9 5.55 814.4 4.52 180.17 5.55
179 Acrolein 107-02-8 2.64 0.047 46.0 0.82 39.8 0.71 56.07 0.82
102 Acrylamide 79-06-1 114.45 1.61 169.9 2.39 169.9 2.39 71.09 2.39
110 Acrylonitrile 107-13-1 128.43 2.42 81.7 1.54 27.1 0.51 53.07 1.54

2 Actinomycin D 50-76-0 0.01 0.0000081 7.2 0.0057 12.6 0.01 1255.6 0.0057
37 Aflatoxin B1 1162-65-8 10.62 0.034 5.0 0.016 9.1 0.029 312.29 0.016
28 Aldosterone 52-39-1 5.05 0.014 NA NA NA NA 360.44
43 Aldrin 309-00-2 24.45 0.067 40.1 0.11 43.8 0.12 364.9 0.11
52 all-trans-Retinoic acid 302-79-4 33.05 0.11 2001.2 6.66 NA NA 300.48 6.66

292 Allylalcohol 107-18-6 403.14 6.94 63.9 1.1 95.8 1.65 58.09 1.1
174 Ambazone 539-21-9 9.02 0.038 749.9 3.16 999.1 4.21 237.32 3.16
276 Ambuphylline 5634-34-4 988.51 3.67 NA NA 600.7 2.23 269.35 2.23

9 Amethopterin 59-05-2 0.06 0.00014 136.4 0.3 145.4 0.32 454.5 0.3
121 Aminophenazone 58-15-1 1246.87 5.39 999.3 4.32 358.6 1.55 231.33 4.32
248 m- Aminophenol 591-27-5 93.86 0.86 1658.9 15.2 NA NA 109.14 15.2
42 p- Aminophenol 23-30-8 6.77 0.062 1658.9 15.2 NA NA 109.14 15.2
3 Aminopterin 54-62-6 0.01 0.000012 NA NA 3.0 0.0068 440.47 0.0068

120 5- Aminosalicylic acid 89-57-6 776.47 5.07 NA NA 7749.4 50.6 153.15 50.6
183 5 Amitriptyline 50-48-6 15.54 0.056 319.1 1.15 147.0 0.53 277.44 1.15
284 Ammonium chloride 12125-02-9 295.32 5.52 1647.8 30.8 NA NA 53.5 30.8
213 Ammonium persulfate 7727-54-0 52.49 0.23 819.3 3.59 NA NA 228.22 3.59
225 Ammonium sulfide 12135-76-1 21.47 0.42 168.2 3.29 NA NA 51.12 3.29
84 Amobarbital 57-43-2 126.73 0.56 NA NA 344.0 1.52 226.31 1.52

262 47 Amphetamine sulfate 60-13-9 726.02 1.97 55.3 0.15 24.0 0.065 368.54 0.15
217 Amrinone 60719-84-8 52.42 0.28 101.1 0.54 288.3 1.54 187.22 0.54
291 Aniline 62-53-3 642.67 6.9 439.6 4.72 439.6 4.72 93.14 4.72
243 p- Anisidine 104-94-9 89.91 0.73 1404.1 11.4 NA NA 123.17 11.4
306 Anisole 100-66-3 1427.58 13.2 3698.7 34.2 NA NA 108.15 34.2
189 Antimycin 11118-72-2 17.52 0.07 NA NA 112.6 0.45 250.27 0.45
300 Antipyrine 60-80-0 2183.70 11.6 1799.7 9.56 1699.9 9.03 188.25 9.56
153 26 Arsenic III trioxide 1327-53-3 0.83 0.0042 19.8 0.1 45.5 0.23 197.84 0.1
100 L- Ascorbic acid 50-81-7 267.73 1.52 11907.1 67.6 3364.3 19.1 176.14 67.6
70 49 Atropine sulfate 55-48-1 148.92 0.22 622.7 0.92 764.9 1.13 676.9 0.92

LD50 RATRC # MEIC # Chemical LD50 MOUSECAS # IC50x 
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193 5- Azacytidine 320-67-2 19.29 0.079 NA NA 571.5 2.34 244.24 2.34
15 8- Azaguanine 134-58-7 0.20 0.0013 NA NA 1500.1 9.86 152.14 9.86
16 Azaserine 115-02-6 0.35 0.002 169.7 0.98 150.6 0.87 173.15 0.98

204 Azathioprine 446-86-6 38.82 0.14 535.2 1.93 1389.2 5.01 277.29 1.93
317 Barbital sodium 144-02-5 3835.32 18.6 NA NA 800.1 3.88 206.2 3.88
246 37 Barium II nitrate 10022-31-8 211.70 0.81 355.4 1.36 NA NA 261.36 1.36
64 Bendiocarb 22781-23-3 40.19 0.18 178.6 0.8 NA NA 223.25 0.8

155 Benzalkonium chloride 8001-54-5 1.90 0.0052 401.5 1.1 339.5 0.93 365 1.1
312 Benzoic acid 65-85-0 1917.44 15.7 2528.1 20.7 2369.3 19.4 122.13 20.7
287 Benzylalcohol 100-51-6 628.35 5.81 1232.9 11.4 1579.0 14.6 108.15 11.4
286 Benzylpenicillin sodium 69-57-8 2042.17 5.73 6914.2 19.4 NA NA 356.4 19.4
237 Beryllium II sulfate 13510-49-1 64.09 0.61 82.0 0.78 79.9 0.76 105.07 0.78
192 1,3- Bis(2-chloroethyl)- 1-nitrosourea 154-93-8 16.70 0.078 19.9 0.093 19.1 0.089 214.07 0.093
273 Bromobenzene 108-86-1 543.29 3.46 2700.7 17.2 NA NA 157.02 17.2
254 Buflomedil 55837-25-7 415.03 1.35 365.8 1.19 NA NA 307.43 1.19
177 Busulphan 55-98-1 11.33 0.046 1.9 0.0076 199.5 0.81 246.32 0.0076
305 n- Butanal 123-72-8 923.14 12.8 2488.1 34.5 NA NA 72.12 34.5
338 1- Butanol 71-36-3 3892.35 52.5 793.3 10.7 NA NA 74.14 10.7
324 2- Butoxyethanol 111-76-2 3073.20 26 1477.5 12.5 1229.3 10.4 118.2 12.5
224 n- Butyl benzoate 136-60-7 73.08 0.41 5133.6 28.8 NA NA 178.25 28.8
188 t- Butyl hydroquinone 1948-33-0 11.47 0.069 799.6 4.81 1000.8 6.02 166.24 4.81
72 Butylated hydoxyanisole 8003-24-5 43.26 0.24 2199.3 12.2 2001.0 11.1 180.27 12.2

184 Butylated hydroxytoluene 128-37-0 12.34 0.056 890.4 4.04 1040.2 4.72 220.39 4.04
20 Cadmium II chloride 10108-64-2 1.17 0.0064 88.0 0.48 174.1 0.95 183.3 0.48

112 48 Caffeine 58-08-2 512.74 2.64 192.3 0.99 619.6 3.19 194.22 0.99
285 Caffeine sodium benzoate 8000-95-1 1918.33 5.67 859.4 2.54 798.5 2.36 338.33 2.54
304 Calcium II chloride 10043-52-4 1376.15 12.4 999.9 9.01 NA NA 110.98 9.01
18 Captan 133-06-2 1.17 0.0039 10009.6 33.3 7003.7 23.3 300.59 33.3
73 Carbaryl 63-25-2 52.32 0.26 249.5 1.24 438.7 2.18 201.24 1.24

125 34 Carbon tetrachloride 56-23-5 1308.92 8.51 2799.3 18.2 12797.0 83.2 153.81 18.2
211 Catechol 120-80-9 22.02 0.2 3887.2 35.3 259.9 2.36 110.12 35.3
163 Cetyltrimethylammonium chloride 112-02-7 7.61 0.021 474.4 1.31 NA NA 362.16 1.31
264 Chloral hydrate 302-17-0 438.31 2.65 479.7 2.9 1101.6 6.66 165.4 2.9
190 Chlorambucil 305-03-3 23.12 0.076 76.1 0.25 100.4 0.33 304.24 0.25
91 45 Chloramphenicol 56-75-7 255.29 0.79 3393.1 10.5 2640.1 8.17 323.15 10.5
40 Chlordan 57-74-9 24.59 0.06 458.9 1.12 NA NA 409.76 1.12

162 Chlorhexidine 55-56-1 7.58 0.015 9200.5 18.2 9857.6 19.5 505.52 18.2
308 33 Chloroform 67-66-3 1599.56 13.4 908.4 7.61 35.8 0.3 119.37 7.61
33 p- Chloromercuribenzoic acid 59-85-8 8.57 0.024 NA NA 25.0 0.07 357.16 0.07
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31 41 Chloroquine diphosphate 50-63-5 8.77 0.017 969.9 1.88 500.4 0.97 515.92 1.88
41 Chloroquine sulfate 132-73-0 25.08 0.06 1086.8 2.6 NA NA 418 2.6

215 Chlorotetracycline 57-62-5 114.94 0.24 NA NA 2500.0 5.22 478.92 5.22
27 Chlorpromazine 50-53-3 4.46 0.014 140.3 0.44 261.5 0.82 318.89 0.44

149 Chromium VI trioxide 1333-82-0 0.27 0.0027 80.0 0.8 127.0 1.27 100 0.8
77 Cinchophen 132-60-5 67.31 0.27 NA NA NA NA 249.28

150 Cis-platinum 15663-27-1 0.84 0.0028 25.8 0.086 33.0 0.11 300.07 0.086
111 Clofibric acid 882-09-7 560.26 2.61 1249.3 5.82 1169.9 5.45 214.66 5.82
62 Cobalt II chloride 7646-79-9 20.77 0.16 80.5 0.62 80.5 0.62 129.83 0.62
6 Colchicine 64-86-8 0.02 0.000054 NA NA 6.0 0.015 399.48 0.015

66 Cortisone 53-06-5 68.49 0.19 NA NA NA NA 360.49
260 Coumarin 91-64-5 249.92 1.71 292.3 2 195.8 1.34 146.15 2
239 m- Cresol 108-39-4 71.38 0.66 242.3 2.24 828.4 7.66 108.15 2.24
232 o- Cresol 95-48-7 56.24 0.52 121.1 1.12 343.9 3.18 108.15 1.12
212 p- Cresol 106-44-5 23.79 0.22 206.6 1.91 343.9 3.18 108.15 1.91
199 Cupric chloride 7447-39-4 14.79 0.11 139.8 1.04 189.6 1.41 134.44 1.04
81 27 Cupric sulfate * 5 H2O 7758-99-8 82.40 0.33 299.6 1.2 NA NA 249.7 1.2

249 3- Cyano-2-morpholino-5-(pyrid-4-yl)-pyridine (Chemical 122) 255.66 0.96 346.2 1.3 NA NA 266.31 1.3
325 Cyclohexanol 108-93-0 2634.73 26.3 2063.7 20.6 NA NA 100.18 20.6
13 Cycloheximide 66-81-9 0.17 0.00059 2.0 0.0071 132.3 0.47 281.39 0.0071

116 Cyclophosphamide * H2O 6055-19-2 870.89 3.12 94.9 0.34 136.8 0.49 279.13 0.34
96 Cygon 60-51-5 284.29 1.24 151.3 0.66 59.6 0.26 229.27 0.66

274 L- Cysteine 52-90-4 431.37 3.56 NA NA 660.4 5.45 121.17 5.45
19 Cytochalasin B 14930-96-2 2.40 0.005 NA NA NA NA 479.67

133 Cytochalasin D 22144-77-0 0.05 0.000092 NA NA 36.0 0.071 507.68 0.071
141 Cytosine arabinoside 147-94-4 0.17 0.00068 NA NA 3137.9 12.9 243.25 12.9
355 D-Glucose 50-99-7 40720.68 226 25765.7 143 NA NA 180.18 143
23 Daraprim 58-14-0 2.21 0.0089 NA NA 126.9 0.51 248.74 0.51

195 p,p' DDA 83-05-6 27.83 0.099 NA NA 590.4 2.1 281.14 2.1
167 p,p' DDD 72-54-8 7.68 0.024 112.0 0.35 NA NA 320.04 0.35
197 p,p' DDE 72-55-9 31.80 0.1 880.9 2.77 NA NA 318.02 2.77
61 p,p' DDT 50-29-3 56.72 0.16 113.4 0.32 134.7 0.38 354.48 0.32

229 22 Dextropropoxyphene * HCl 1639-60-7 184.23 0.49 82.7 0.22 82.7 0.22 375.98 0.22
117 Di(2-ethylhexyl)adipate 103-23-1 1167.52 3.15 9117.7 24.6 NA NA 370.64 24.6
92 Di(2-ethylhexyl)phthalate 117-81-7 328.12 0.84 31015.2 79.4 29999.6 76.8 390.62 79.4
63 4 Diazepam 439-14-5 45.56 0.16 709.1 2.49 535.3 1.88 284.76 2.49

281 1,2- Dibromomethane 106-93-4 730.17 4.2 107.8 0.62 NA NA 173.85 0.62
88 Dibutyl phthalate 84-74-2 211.57 0.76 11998.2 43.1 NA NA 278.38 43.1

298 Dichloroacetic acid 79-43-6 1482.81 11.5 2823.8 21.9 5518.6 42.8 128.94 21.9
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328 36 Dichloromethane 75-09-2 2964.06 34.9 1596.7 18.8 NA NA 84.93 18.8
158 Dichlorophene 97-23-4 2.23 0.0083 2691.3 10 1001.2 3.72 269.13 10
39 2,4- Dichlorophenol 120-83-2 8.97 0.055 580.3 3.56 1600.7 9.82 163 3.56
89 16 2,4- Dichlorophenoxy- acetic acid 94-75-7 170.20 0.77 369.1 1.67 366.9 1.66 221.04 1.67

168 Dicoumarol 66-76-2 9.08 0.027 709.6 2.11 232.1 0.69 336.31 2.11
207 Dieldrin 60-57-1 68.56 0.18 45.7 0.12 38.1 0.1 380.9 0.12
122 Diethyl phthalate 84-66-2 1226.88 5.52 8601.5 38.7 6178.8 27.8 222.26 38.7
258 Diethyl sebacate 110-40-7 421.19 1.63 14470.4 56 NA NA 258.4 56
136 Diethyldithiocarbamate sodium* 3H20 20624-25-3 0.09 0.00039 1500.7 6.66 1500.7 6.66 225.33 6.66
340 Diethylene glycol 111-46-6 6591.29 62.1 14753.5 139 23669.2 223 106.14 139
34 Diethylstilbestrol 56-53-1 6.71 0.025 NA NA NA NA 268.38
8 Digitoxin 71-63-6 0.08 0.00011 55.8 0.073 NA NA 765.05 0.073

22 6 Digoxin 20830-75-5 6.64 0.0085 NA NA 18.0 0.023 781.05 0.023
58 Dihydralazine sulfate 7327-87-9 40.36 0.14 818.8 2.84 400.8 1.39 288.32 2.84

293 Diisopropylamine dichloroacetate 660-27-5 1611.12 7 NA NA 1700.9 7.39 230.16 7.39
191 Dimenhydrinate 523-87-5 35.72 0.076 1320.8 2.81 202.1 0.43 470.02 2.81
127 Dimethyl phthalate 131-11-3 4544.28 23.4 6894.1 35.5 7204.8 37.1 194.2 35.5
129 Dimethyl sulfoxide 75-18-3 19691.28 252 19691.3 252 16487.5 211 78.14 252
320 N,N- Dimethylacetamide 127-19-5 2108.79 24.2 5089.0 58.4 4618.4 53 87.14 58.4
200 Dimethylaminoethyl methacrylate (polymer) 2867-47-2 17.30 0.11 1745.4 11.1 NA NA 157.24 11.1
351 Dimethylformamide 68-12-2 8334.54 114 2800.1 38.3 3750.5 51.3 73.11 38.3
220 m- Dinitrobenzene 99-65-0 65.57 0.39 82.4 0.49 NA NA 168.12 0.49
68 2,4- Dinitrophenol 51-28-5 38.67 0.21 29.5 0.16 44.2 0.24 184.12 0.16

332 1,4- Dioxane 123-91-1 3357.37 38.1 4203.3 47.7 5701.4 64.7 88.12 47.7
71 Diphenhydramine * HCl 147-24-0 70.04 0.24 855.1 2.93 113.8 0.39 291.85 2.93
82 44 Diphenylhydantoin 57-41-0 98.39 0.39 NA NA 199.3 0.79 252.29 0.79

206 Diquat dibromide 85-00-7 55.05 0.16 230.5 0.67 234.0 0.68 344.08 0.67
51 Disulfoton 298-04-4 30.19 0.11 2.0 0.0073 5.5 0.02 274.42 0.0073

226 Dodecylbenzene sodiumsulfonate 25155-30-0 146.38 0.42 1261.6 3.62 2000.5 5.74 348.52 3.62
57 L- Dopa 59-92-7 25.64 0.13 1780.8 9.03 2366.5 12 197.21 9.03
11 Doxorubicin * HCl 25316-40-9 0.19 0.00033 NA NA 696.0 1.2 580.03 1.2

244 Doxylamine succinate 562-10-7 291.38 0.75 NA NA 470.1 1.21 388.51 1.21
10 Emetine 483-18-1 0.08 0.00016 67.3 0.14 NA NA 480.71 0.14

169 Epinephrine bitartrate 51-42-3 9.33 0.028 NA NA 4.0 0.012 333.33 0.012
130 9 Ethanol 64-17-5 17464.32 379 14008.3 304 7787.5 169 46.08 304
353 Ethyl acetate 141-78-6 11279.36 128 11015.0 125 NA NA 88.12 125
349 Ethyl methyl ketone 78-93-3 7500.48 104 3396.9 47.1 NA NA 72.12 47.1
307 2- Ethylbutanal 97-96-1 1322.38 13.2 3977.1 39.7 NA NA 100.18 39.7
360 7 Ethylene glycol 107-21-1 34454.40 555 8567.0 138 7511.7 121 62.08 138
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24 Ethylenediamine-tetraacetic acid 60-00-4 2.92 0.01 NA NA NA NA 292.28
261 3 Ferrous sulfate 7720-78-7 281.03 1.85 319.0 2.1 978.3 6.44 151.91 2.1
35 Flufenamic acid 530-78-9 8.16 0.029 272.8 0.97 714.4 2.54 281.25 0.97
17 5- Fluorouracil 51-21-8 0.34 0.0026 230.3 1.77 114.5 0.88 130.09 1.77

202 Formaldehyde 50-00-0 3.60 0.12 798.8 26.6 NA NA 30.03 26.6
109 Frusemide 54-31-9 770.67 2.33 2599.8 7.86 4597.6 13.9 330.76 7.86
171 Fumagillin 297-95-0 14.22 0.031 NA NA 1999.5 4.36 458.6 4.36
108 Gibberellic acid 77-06-5 796.74 2.3 6304.7 18.2 NA NA 346.41 18.2
222 Glibenclamide 10238-21-8 197.62 0.4 NA NA 3250.8 6.58 494.05 6.58
101 Glutethimide 77-21-4 338.97 1.56 599.7 2.76 360.7 1.66 217.29 2.76
131 Glycerol 56-81-5 57476.64 624 12619.1 137 25975.0 282 92.11 137
326 Halothane 151-67-7 6138.83 31.1 5684.8 28.8 NA NA 197.39 28.8
185 Heptachlor 76-44-8 22.02 0.059 41.1 0.11 67.2 0.18 373.3 0.11
288 1- Heptanol 111-70-6 726.44 6.25 3254.4 28 1499.4 12.9 116.23 28
151 Hexachlorocyclopentadiene 77-47-4 0.85 0.0031 111.8 0.41 NA NA 272.75 0.41
157 38 Hexachlorophene 70-30-4 3.21 0.0079 61.0 0.15 65.1 0.16 406.89 0.15
159 Hexadecyltrimethylammoniumbromide 57-09-0 3.24 0.0089 408.3 1.12 NA NA 364.53 1.12
295 2,5- Hexanedione 110-13-4 964.65 8.45 2705.6 23.7 NA NA 114.16 23.7
352 1,2,6- Hexanetriol 106-69-4 16506.60 123 15969.8 119 NA NA 134.2 119
311 1- Hexanol 111-27-3 1573.88 15.4 719.5 7.04 1952.0 19.1 102.2 7.04
187 4- Hexylresorcinol 136-77-6 12.44 0.064 549.9 2.83 NA NA 194.3 2.83
296 Homatropine methylbromide 80-49-9 3332.97 9 1199.9 3.24 1399.8 3.78 370.33 3.24
219 Hydralazine 86-54-4 52.87 0.33 89.7 0.56 121.8 0.76 160.2 0.56
32 Hydrocortisone 50-23-7 7.98 0.022 NA NA NA NA 362.51

236 Hydrogen peroxide 90% 7722-84-1 19.05 0.56 NA NA 2000.4 58.8 34.02 58.8
267 p- Hydroxybenzoic acid 99-96-7 403.34 2.92 NA NA 2196.3 15.9 138.13 15.9
152 8- Hydroxyquinoline 148-24-3 0.48 0.0033 1200.6 8.27 NA NA 145.17 8.27
44 Hydroxyzine * HCl 1244-76-4 27.56 0.067 950.4 2.31 NA NA 411.41 2.31

233 Ibuprofen 15687-27-1 107.28 0.52 1008.9 4.89 980.0 4.75 206.31 4.89
299 Imidazole 288-32-4 783.04 11.5 NA NA 1879.3 27.6 68.09 27.6
238 Imidazolidinyl urea 39236-46-9 100.17 0.36 2598.9 9.34 3700.9 13.3 278.26 9.34
38 Imipramine * HCl 113-52-0 17.11 0.054 304.2 0.96 374.0 1.18 316.91 0.96
60 Indomethacin 53-86-1 57.25 0.16 12.2 0.034 19.0 0.053 357.81 0.034

198 Ioxynil 1689-83-4 40.80 0.11 111.3 0.3 NA NA 370.91 0.3
90 Iproniazid 54-92-2 141.61 0.79 365.7 2.04 681.2 3.8 179.25 2.04

315 Isobenzoic furano dione 2518.04 17 4014.1 27.1 1999.6 13.5 148.12 27.1
309 Isobutanal 78-84-2 973.62 13.5 2812.7 39 NA NA 72.12 39
334 Isobutanol 78-83-1 2973.01 40.1 2461.4 33.2 NA NA 74.14 33.2
123 35 Isoniazid 54-85-3 1027.33 7.49 650.1 4.74 NA NA 137.16 4.74
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257 Isononylaldehyde 5435-64-3 216.25 1.52 3243.8 22.8 NA NA 142.27 22.8
165 Isoproterenol * HCl 51-30-9 5.45 0.022 2219.8 8.96 NA NA 247.75 8.96
253 Isoxepac 55453-87-7 356.81 1.33 198.5 0.74 NA NA 268.28 0.74
26 Kelthane 115-32-2 4.45 0.012 574.2 1.55 418.6 1.13 370.48 1.55

341 Lactic acid 598-82-3 5945.94 66 3729.7 41.4 4873.9 54.1 90.09 41.4
46 Lead II chloride 7758-95-4 11.96 0.043 NA NA NA NA 278.09

223 32 Lindane 58-89-9 119.24 0.41 75.6 0.26 87.2 0.3 290.82 0.26
333 Lithium I chloride 7447-41-8 1636.25 38.6 758.8 17.9 1165.7 27.5 42.39 17.9
327 20 Lithium I sulfate 10377-48-7 3704.98 33.7 NA NA 1187.4 10.8 109.94 10.8
343 Magnesium II chloride * 6 H2O 7791-18-6 14314.43 70.4 8092.5 39.8 NA NA 203.33 39.8
67 15 Malathion 121-75-5 66.08 0.2 885.4 2.68 776.4 2.35 330.38 2.68

154 Maneb 12427-38-2 1.12 0.0042 4500.6 16.9 3994.7 15 266.31 16.9
56 Manganese IIchloride *4 H2O 13446-34-9 25.73 0.13 1484.4 7.5 NA NA 197.92 7.5
48 Mefenamic acid 61-68-7 20.99 0.087 789.1 3.27 629.8 2.61 241.31 3.27
94 Menthol 89-78-1 148.49 0.95 3172.9 20.3 NA NA 156.3 20.3
21 6- Mercaptopurine 50-44-2 1.22 0.008 NA NA 280.0 1.84 152.19 1.84
29 28 Mercury II chloride 7487-94-7 4.07 0.015 1.0 0.0037 10.0 0.037 271.49 0.0037
85 Metamizol 68-89-3 193.94 0.58 7189.2 21.5 NA NA 334.38 21.5

361 8 Methanol 67-56-1 29806.50 930 13012.3 406 NA NA 32.05 406
356 2- Methoxyethanol 109-86-4 19103.61 251 2458.4 32.3 NA NA 76.11 32.3
259 Methyl salicylate 119-36-8 258.67 1.7 887.1 5.83 NA NA 152.16 5.83
160 N- Methyl-N'-nitro-N-nitroso- guanidine 70-25-7 1.77 0.012 89.7 0.61 NA NA 147.12 0.61
78 6- Methylcoumarin 92-48-8 49.66 0.31 1681.9 10.5 NA NA 160.18 10.5

142 Methylmercury chloride 115-09-3 0.18 0.00071 NA NA 57.7 0.23 251.08 0.23
98 Methylparaben 99-76-3 216.07 1.42 NA NA 1749.8 11.5 152.16 11.5

319 Methylpentinol 77-75-8 2336.21 23.8 NA NA 525.2 5.35 98.16 5.35
283 Milrinone 78415-72-2 1007.61 4.77 90.8 0.43 137.3 0.65 211.24 0.43
14 Mitomycin C 50-07-7 0.28 0.00084 14.0 0.042 17.1 0.051 334.37 0.042

147 Mitoxantrone 65271-80-9 1.07 0.0024 586.8 1.32 NA NA 444.54 1.32
172 Nabam 142-59-6 8.97 0.035 394.8 1.54 579.3 2.26 256.34 1.54
47 Naftipramide 1505-95-9 25.07 0.084 1029.7 3.45 1086.4 3.64 298.47 3.45
99 Nalidixic acid 389-08-2 348.39 1.5 1349.4 5.81 571.4 2.46 232.26 5.81

114 Natulan * HCl 366-70-1 706.37 2.74 783.7 3.04 NA NA 257.8 3.04
74 Nickel II chloride 7718-54-9 34.99 0.27 105.0 0.81 NA NA 129.61 0.81

336 Nicotinamide 98-92-0 5423.02 44.4 3505.4 28.7 NA NA 122.14 28.7
103 18 Nicotine 54-11-5 290.45 1.79 50.3 0.31 24.3 0.15 162.26 0.31
275 Nitrilotriacetic acid 139-13-9 690.09 3.61 1470.0 7.69 3154.1 16.5 191.16 7.69
221 2- Nitro-p-phenylene-diamine 5307-14-2 59.73 0.39 3078.5 20.1 NA NA 153.16 20.1
302 Nitrobenzene 98-95-3 1502.06 12.2 640.2 5.2 NA NA 123.12 5.2
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148 Nitrogen mustard * HCl 55-86-7 0.50 0.0026 10.0 0.052 19.3 0.1 192.53 0.052
210 p- Nitrophenol 100-02-7 27.82 0.2 350.6 2.52 467.4 3.36 139.12 2.52
339 1- Nitropropane 79-46-9 5159.47 57.9 455.4 5.11 NA NA 89.11 5.11
175 Norepinephrine 51-41-2 6.60 0.039 NA NA 20.3 0.12 169.2 0.12
268 1- Octanol 111-87-5 398.60 3.06 NA NA 1784.6 13.7 130.26 13.7
230 42 Orphenadrine * HCl 341-69-5 149.88 0.49 425.2 1.39 125.4 0.41 305.88 1.39

7 Ouabain 630-60-4 0.04 0.000072 NA NA NA NA 584.73
164 Oxatomide 60607-34-3 8.11 0.019 1412.1 3.31 9598.7 22.5 426.61 3.31
65 Oxyphenbutazone 129-20-4 61.64 0.19 999.2 3.08 480.1 1.48 324.41 3.08

176 Papaverine 58-74-2 15.27 0.045 325.8 0.96 230.8 0.68 339.42 0.96
235 25 Paraquat 4685-14-7 100.58 0.54 57.7 0.31 195.6 1.05 186.25 0.31
49 Parathion 56-38-2 27.09 0.093 2.0 0.0069 6.1 0.021 291.28 0.0069

173 39 Pentachlorophenol 87-86-5 9.59 0.036 50.6 0.19 NA NA 266.32 0.19
322 1- Pentanol 71-41-0 2195.43 24.9 3033.0 34.4 200.1 2.27 88.17 34.4
87 Pentobarbital sodium 57-33-0 176.29 0.71 201.1 0.81 280.6 1.13 248.29 0.81

240 Pentoxifylline 6493-05-6 183.71 0.66 NA NA 1386.2 4.98 278.35 4.98
97 Phenacetin 62-44-2 227.63 1.27 1650.8 9.21 1220.6 6.81 179.24 9.21

118 24 Phenobarbital 50-06-6 884.91 3.81 162.6 0.7 167.2 0.72 232.26 0.7
115 12 Phenol 108-95-2 283.30 3.01 414.1 4.4 300.2 3.19 94.12 4.4
79 Phenylbutazone 50-33-9 98.69 0.32 376.3 1.22 441.0 1.43 308.41 1.22

218 o- Phenylenediamine 95-54-5 33.53 0.31 1069.7 9.89 NA NA 108.16 9.89
180 p- Phenylenediamine 106-50-3 5.41 0.05 80.0 0.74 NA NA 108.16 0.74
282 (-)- Phenylephrine 59-42-7 744.17 4.45 349.5 2.09 NA NA 167.23 2.09
278 Phenylephrine * HCl 939-38-8 847.35 4.16 350.3 1.72 120.2 0.59 203.69 1.72
234 Phenylthiourea 103-85-5 82.20 0.54 3.0 0.02 10.0 0.066 152.23 0.02
342 Piperazine 110-85-0 5789.95 67.2 1904.1 22.1 1438.9 16.7 86.16 22.1
146 Potassium bichromate VI 7778-50-9 0.59 0.002 NA NA 191.2 0.65 294.2 0.65
145 Potassium chromate VI 7789-00-6 0.29 0.0015 NA NA 180.6 0.93 194.2 0.93
277 Potassium cyanate 590-28-3 335.84 4.14 NA NA 843.6 10.4 81.12 10.4
252 19 Potassium cyanide 151-50-8 72.93 1.12 9.8 0.15 8.5 0.13 65.12 0.15
335 Potassium hexacyano- ferrate II 13943-58-3 15582.05 42.3 6409.6 17.4 5009.8 13.6 368.37 17.4
266 Potassium hexacyanoferrate III 13746-66-2 928.54 2.82 NA NA 2970.0 9.02 329.27 9.02
346 50 Potassium I chloride 7447-40-7 6113.10 82 2601.8 34.9 1498.5 20.1 74.55 34.9
269 Potassium I fluoride 7789-23-3 181.85 3.13 245.2 4.22 NA NA 58.1 4.22
36 Progesterone 57-83-0 9.44 0.03 NA NA NA NA 314.51

348 1- Propanol 71-23-8 5800.62 96.5 5397.9 89.8 NA NA 60.11 89.8
128 10 2- Propanol 67-63-0 10038.37 167 5842.7 97.2 NA NA 60.11 97.2
270 Propionaldehyde 123-38-6 188.79 3.25 1411.6 24.3 NA NA 58.09 24.3
54 23 Propranolol * HCl 318-98-9 35.50 0.12 NA NA 470.4 1.59 295.84 1.59
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357 Propylene glycol 57-55-6 26029.62 342 20016.9 263 23974.7 315 76.11 263
209 Propylparaben 94-13-3 32.44 0.18 NA NA 6325.7 35.1 180.22 35.1
12 Puromycin 53-79-2 0.16 0.00033 NA NA 674.4 1.43 471.58 1.43

337 Pyridine 110-86-1 3710.26 46.9 893.9 11.3 NA NA 79.11 11.3
53 43 Quinidine sulfate 50-54-4 50.70 0.12 456.3 1.08 595.8 1.41 422.54 1.08
45 Quinine * HCl 130-89-2 27.07 0.075 620.8 1.72 1158.6 3.21 360.92 1.72

216 Refortan 78.28 0.25 3162.3 10.1 NA NA 313.1 10.1
245 Resorcinol 108-46-3 88.10 0.8 300.6 2.73 NA NA 110.12 2.73
201 13-cis- Retinoic acid 4759-48-2 36.06 0.12 NA NA 3395.4 11.3 300.48 11.3
139 Retinol 68-26-8 0.15 0.00054 1999.8 6.98 4011.0 14 286.5 6.98
134 Rotenone 83-79-4 0.05 0.00013 130.2 0.33 351.1 0.89 394.45 0.33
314 Saccharin 81-07-2 3004.32 16.4 NA NA 17000.0 92.8 183.19 92.8
95 Salicylamide 65-45-2 148.12 1.08 1892.7 13.8 1398.9 10.2 137.15 13.8

178 Salicylanilide 87-17-2 9.81 0.046 NA NA 2409.7 11.3 213.25 11.3
272 Salicylic acid 69-72-7 466.88 3.38 890.9 6.45 479.3 3.47 138.13 6.45
251 Scopolamine * HBr 6533-68-2 415.05 1.08 1268.2 3.3 1879.3 4.89 384.31 3.3
69 Secobarbital sodium 309-43-3 54.66 0.21 124.9 0.48 NA NA 260.3 0.48

161 Silver I nitrate 7761-88-8 2.21 0.013 NA NA 49.3 0.29 169.88 0.29
30 Sodium arsenate, dibasic 7778-43-0 2.79 0.015 NA NA NA NA 185.91

241 Sodium azide 26628-22-8 46.16 0.71 44.9 0.69 27.3 0.42 65.02 0.69
144 Sodium bichromate VI 10588-01-9 0.24 0.00093 49.8 0.19 NA NA 261.98 0.19
344 13 Sodium chloride 7647-14-5 4435.60 75.9 2998.0 51.3 3997.3 68.4 58.44 51.3
329 Sodium cyclamate 139-05-9 7123.90 35.4 15254.0 75.8 17004.8 84.5 201.24 75.8
76 Sodium dodecyl sulfate 151-21-3 78.15 0.27 1288.0 4.45 NA NA 289.43 4.45

345 Sodium I bromide 7647-15-6 8120.81 77.4 3504.3 33.4 6998.2 66.7 104.92 33.4
106 14 Sodium I fluoride 7681-49-4 77.68 1.85 180.1 4.29 NA NA 41.99 4.29
255 Sodium monochloroacetate 3926-62-3 168.90 1.45 75.7 0.65 NA NA 116.48 0.65
227 46 Sodium oxalate 62-76-0 58.96 0.44 155.4 1.16 NA NA 134 1.16
119 Sodium salicylate 54-21-7 693.28 4.33 1599.5 9.99 899.8 5.62 160.11 9.99
290 Sodium sulfite 7757-83-7 854.55 6.78 NA NA 820.5 6.51 126.04 6.51
156 Stearyltrimethylammoniumchloride 112-03-8 2.09 0.006 NA NA 536.1 1.54 348.13 1.54
265 Streptomycin sulfate 298-39-5 3979.25 2.73 NA NA 495.6 0.34 1457.6 0.34
331 Strontium II chloride 10476-85-4 5770.13 36.4 2251.0 14.2 3107.0 19.6 158.52 14.2

5 K- Strophantin 0.03 0.000044 NA NA NA NA 710.9
271 Styrene 100-42-5 343.73 3.3 4999.7 48 315.6 3.03 104.16 48
93 Sulfisoxazole 127-69-5 227.23 0.85 NA NA 6790.2 25.4 267.33 25.4

330 Sulfuric acid 7664-93-9 3530.88 36 2138.1 21.8 NA NA 98.08 21.8
135 2,3,7,8- Tetrachloro-dibenzo-p-dioxin 1746-01-6 0.06 0.0002 NA NA 0.1 0.00035 321.96 0.00035
289 Tetrachloroethene 127-18-4 1084.46 6.54 8854.8 53.4 8092.0 48.8 165.82 53.4
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59 Tetracycline * HCl 64-75-5 67.33 0.14 6444.6 13.4 NA NA 480.94 13.4
350 Tetrahydrofurfuryl alcohol 97-99-4 11338.65 111 2502.7 24.5 2298.4 22.5 102.15 24.5
247 (+)- Thalidomide 731-40-8 209.18 0.81 NA NA 400.3 1.55 258.25 1.55
203 Thallium I acetate 563-68-8 36.88 0.14 NA NA 34.2 0.13 263.42 0.13
181 30 Thallium I sulfate 7446-18-6 27.26 0.054 NA NA 28.8 0.057 504.8 0.057
105 21 Theophylline 58-55-9 329.75 1.83 NA NA 600.0 3.33 180.19 3.33
303 Theophylline sodium 3485-82-3 2519.43 12.4 NA NA 445.0 2.19 203.18 2.19
280 Theophylline sodium acetate 8002-89-9 1098.74 4.19 582.2 2.22 NA NA 262.23 2.22
25 Thio-TEPA 52-24-4 2.08 0.011 NA NA 37.8 0.2 189.24 0.2

279 Thioacetamide 62-55-5 313.33 4.17 301.3 4.01 NA NA 75.14 4.01
140 6- Thioguanine 154-42-7 0.10 0.00057 NA NA 160.5 0.96 167.21 0.96
83 Thiopental 76-75-5 133.30 0.55 NA NA 601.1 2.48 242.37 2.48

170 29 Thioridazine * HCl 130-61-0 11.81 0.029 NA NA 358.2 0.88 407.07 0.88
80 2- Thiouracil 141-90-2 41.01 0.32 999.6 7.8 NA NA 128.16 7.8

347 Thiourea 62-56-6 6547.18 86 124.9 1.64 8526.6 112 76.13 1.64
214 Thymol 89-83-8 34.56 0.23 979.6 6.52 1802.9 12 150.24 6.52
256 Tin II chloride 7772-99-8 286.28 1.51 699.6 3.69 1200.1 6.33 189.59 3.69
104 Tolbutamide 64-77-7 489.39 1.81 NA NA 2601.1 9.62 270.38 9.62
316 Toluene 108-88-3 1575.77 17.1 5003.7 54.3 NA NA 92.15 54.3
194 p- Toluylendiamine 95-70-5 11.49 0.094 101.4 0.83 NA NA 122.19 0.83

1 Trenimon 68-76-8 0.00 0.0000033 NA NA NA NA 231.28
310 Tributylamine 102-82-9 2855.16 15.4 539.5 2.91 NA NA 185.4 2.91
138 Tributyltin chloride 1461-22-9 0.18 0.00054 120.4 0.37 NA NA 325.53 0.37
75 Trichlorfon 52-68-6 69.51 0.27 450.5 1.75 298.6 1.16 257.44 1.75

294 Trichloroacetic acid 76-03-9 1338.08 8.19 4999.4 30.6 5636.6 34.5 163.38 30.6
242 1,2,4- Trichlorobenzene 120-82-1 128.82 0.71 756.6 4.17 765.7 4.22 181.44 4.17
297 11 1,1,1- Trichloroethane 71-55-6 1374.02 10.3 10298.5 77.2 11245.6 84.3 133.4 77.2
228 2,4,5- Trichlorophen- oxyacetic acid 93-76-5 112.41 0.44 298.9 1.17 388.3 1.52 255.48 1.17
126 Triethyl citrate 77-93-0 4061.90 14.7 6990.9 25.3 NA NA 276.32 25.3
143 Triethylene melamine 51-18-3 0.16 0.00078 1.0 0.005 14.9 0.073 204.27 0.005
137 Triethyltin chloride 994-31-0 0.11 0.00046 5.1 0.021 NA NA 241.35 0.021
318 Trifluoroacetic acid 76-05-1 2337.62 20.5 199.6 1.75 NA NA 114.03 1.75
166 Triisooctylamine 2757-28-0 8.14 0.023 1620.2 4.58 NA NA 353.76 4.58
354 1,3,5- Trioxane 110-88-3 19189.17 213 800.0 8.88 NA NA 90.09 8.88
132 Triphenyltin hydroxide 76-87-9 0.02 0.000049 44.0 0.12 245.9 0.67 367.03 0.12
182 Triton X-100 9002-93-1 35.59 0.055 1798.7 2.78 NA NA 647 2.78
50 Trypan blue 72-57-1 91.66 0.095 6204.2 6.43 NA NA 964.88 6.43

231 Tween 80 9005-65-6 641.90 0.49 NA NA 25021.0 19.1 1310 19.1
208 Undecylenic acid 112-38-9 33.18 0.18 2506.6 13.6 8496.7 46.1 184.31 13.6
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323 Urethan 51-79-6 2307.95 25.9 NA NA 2504.0 28.1 89.11 28.1
250 Valproate sodium 1069-66-5 166.22 1 NA NA 1695.4 10.2 166.22 10.2
196 40 VerapamilHCl 152-11-4 49.11 0.1 108.0 0.22 162.1 0.33 491.13 0.22
205 Versalide 88-29-9 38.77 0.15 315.3 1.22 NA NA 258.44 1.22

4 Vincristine sulfate 2068-78-2 0.01 0.000015 NA NA NA NA 923.14
86 31 Warfarin 81-81-2 206.59 0.67 323.8 1.05 373.1 1.21 308.35 1.05

313 Xanthinol nicotinate 437-74-1 6865.26 15.8 14121.6 32.5 17336.9 39.9 434.51 32.5
301 17 Xylene 1330-20-7 1274.16 12 4300.3 40.5 NA NA 106.18 40.5
55 Zinc II chloride 7646-85-7 17.72 0.13 350.2 2.57 350.2 2.57 136.27 2.57

186 Zineb 12122-67-7 16.27 0.059 5211.3 18.9 7610.1 27.6 275.73 18.9
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29 28 Mercury II chloride 7487-94-7 4.07 0.015 1.0 0.0037 10.0 0.037 271.49 0.0037
252 19 Potassium cyanide 151-50-8 72.93 1.12 9.8 0.15 8.5 0.13 65.12 0.15
153 26 Arsenic III trioxide 1327-53-3 0.83 0.0042 19.8 0.1 45.5 0.23 197.84 0.1
103 18 Nicotine 54-11-5 290.45 1.79 50.3 0.31 24.3 0.15 162.26 0.31
173 39 Pentachlorophenol 87-86-5 9.59 0.036 50.6 0.19 NA NA 266.32 0.19
262 47 Amphetamine sulfate 60-13-9 726.02 1.97 55.3 0.15 24.0 0.065 368.54 0.15
235 25 Paraquat 4685-14-7 100.58 0.54 57.7 0.31 195.6 1.05 186.25 0.31
157 38 Hexachlorophene 70-30-4 3.21 0.0079 61.0 0.15 65.1 0.16 406.89 0.15
223 32 Lindane 58-89-9 119.24 0.41 75.6 0.26 87.2 0.3 290.82 0.26
229 22 Dextropropoxyphene * HCl 1639-60-7 184.23 0.49 82.7 0.22 82.7 0.22 375.98 0.22
196 40 VerapamilHCl 152-11-4 49.11 0.1 108.0 0.22 162.1 0.33 491.13 0.22
227 46 Sodium oxalate 62-76-0 58.96 0.44 155.4 1.16 NA NA 134 1.16
118 24 Phenobarbital 50-06-6 884.91 3.81 162.6 0.7 167.2 0.72 232.26 0.7
106 14 Sodium I fluoride 7681-49-4 77.68 1.85 180.1 4.29 NA NA 41.99 4.29
112 48 Caffeine 58-08-2 512.74 2.64 192.3 0.99 619.6 3.19 194.22 0.99
81 27 Cupric sulfate * 5 H2O 7758-99-8 82.40 0.33 299.6 1.2 NA NA 249.7 1.2

261 3 Ferrous sulfate 7720-78-7 281.03 1.85 319.0 2.1 978.3 6.44 151.91 2.1
183 5 Amitriptyline 50-48-6 15.54 0.056 319.1 1.15 147.0 0.53 277.44 1.15
86 31 Warfarin 81-81-2 206.59 0.67 323.8 1.05 373.1 1.21 308.35 1.05

246 37 Barium II nitrate 10022-31-8 211.70 0.81 355.4 1.36 NA NA 261.36 1.36
89 16 2,4- Dichlorophenoxy- acetic acid 94-75-7 170.20 0.77 369.1 1.67 366.9 1.66 221.04 1.67

115 12 Phenol 108-95-2 283.30 3.01 414.1 4.4 300.2 3.19 94.12 4.4
230 42 Orphenadrine * HCl 341-69-5 149.88 0.49 425.2 1.39 125.4 0.41 305.88 1.39
53 43 Quinidine sulfate 50-54-4 50.70 0.12 456.3 1.08 595.8 1.41 422.54 1.08
70 49 Atropine sulfate 55-48-1 148.92 0.22 622.7 0.92 764.9 1.13 676.9 0.92

123 35 Isoniazid 54-85-3 1027.33 7.49 650.1 4.74 NA NA 137.16 4.74
63 4 Diazepam 439-14-5 45.56 0.16 709.1 2.49 535.3 1.88 284.76 2.49
67 15 Malathion 121-75-5 66.08 0.2 885.4 2.68 776.4 2.35 330.38 2.68

308 33 Chloroform 67-66-3 1599.56 13.4 908.4 7.61 35.8 0.3 119.37 7.61
31 41 Chloroquine diphosphate 50-63-5 8.77 0.017 969.9 1.88 500.4 0.97 515.92 1.88

107 2 Acetylsalicylic acid 50-78-2 408.99 2.27 999.9 5.55 814.4 4.52 180.17 5.55
328 36 Dichloromethane 75-09-2 2964.06 34.9 1596.7 18.8 NA NA 84.93 18.8
113 1 Acetaminophen 103-90-2 409.70 2.71 2403.8 15.9 338.6 2.24 151.18 15.9
346 50 Potassium I chloride 7447-40-7 6113.10 82 2601.8 34.9 1498.5 20.1 74.55 34.9
125 34 Carbon tetrachloride 56-23-5 1308.92 8.51 2799.3 18.2 12797.0 83.2 153.81 18.2
344 13 Sodium chloride 7647-14-5 4435.60 75.9 2998.0 51.3 3997.3 68.4 58.44 51.3
91 45 Chloramphenicol 56-75-7 255.29 0.79 3393.1 10.5 2640.1 8.17 323.15 10.5

RC # MEIC # Chemical LD50 MOUSECAS # IC50x LD50 RAT
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301 17 Xylene 1330-20-7 1274.16 12 4300.3 40.5 NA NA 106.18 40.5
128 10 2- Propanol 67-63-0 10038.37 167 5842.7 97.2 NA NA 60.11 97.2
360 7 Ethylene glycol 107-21-1 34454.40 555 8567.0 138 7511.7 121 62.08 138
297 11 1,1,1- Trichloroethane 71-55-6 1374.02 10.3 10298.5 77.2 11245.6 84.3 133.4 77.2
361 8 Methanol 67-56-1 29806.50 930 13012.3 406 NA NA 32.05 406
130 9 Ethanol 64-17-5 17464.32 379 14008.3 304 7787.5 169 46.08 304
22 6 Digoxin 20830-75-5 6.64 0.0085 NA NA 18.0 0.023 781.05 0.023

327 20 Lithium I sulfate 10377-48-7 3704.98 33.7 NA NA 1187.4 10.8 109.94 10.8
105 21 Theophylline 58-55-9 329.75 1.83 NA NA 600.0 3.33 180.19 3.33
54 23 Propranolol * HCl 318-98-9 35.50 0.12 NA NA 470.4 1.59 295.84 1.59

170 29 Thioridazine * HCl 130-61-0 11.81 0.029 NA NA 358.2 0.88 407.07 0.88
181 30 Thallium I sulfate 7446-18-6 27.26 0.054 NA NA 28.8 0.057 504.8 0.057
82 44 Diphenylhydantoin 57-41-0 98.39 0.39 NA NA 199.3 0.79 252.29 0.79
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Calculation of the Regression Between Cytotoxicity and Acute Oral Toxicity

Figure 7.1 Regression between RC values (IC50x) and acute oral LD50 values (MEIC
chemicals)

Figure 7.2 Regression between human cell lines (IC50m) and acute oral LD50 values (MEIC
chemicals)
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ICCVAM International Workshop on In Vitro Methods for Assessing Acute Systemic
Toxicity

Hyatt Regency Crystal City Hotel, Arlington, VA

Detailed Workshop Agenda

Tuesday, October 17, 2000

7:30 a.m. Registration
8:30 a.m. Opening Plenary Session – Regency Ballroom F

8:30 a.m. Welcome from the National Toxicology Program (NTP)
Dr. John Bucher, Deputy Director, ETP, NIEHS

8:35 a.m. Workshop Introduction
Dr. Philip Sayre, U.S. EPA, OPPTS, Co-Chair Workshop Organizing Committee

8:45 a.m. Special Presentation on Dr. Bjorn Ekwall: Contributions to In Vitro Toxicology
Dr. Erik Walum, Pharmacia & Upjohn AB, Stockholm, Sweden

8:55 a.m. Role of ICCVAM and the NTP Interagency Center for the Evaluation of Alternative Toxicological
Methods (NICEATM) in the Validation and Acceptance of New Methods
Dr. William Stokes, NIEHS, Co-Chair ICCVAM

9:10 a.m. Acute Toxicity: Historical and Current Regulatory Perspectives  
Dr. Steve Galson, Director, Office of Science Policy and Coordination, U.S. EPA

9:40 a.m. Acute Toxicity Data: A Clinical Perspective
Dr. Jim Cone, Chief, Occupational Health Branch, California Dept. of Health Services

10:10 a.m. Coffee Break
10:30 a.m. In Vitro Approaches to Estimate the Acute Toxicity Potential of Chemicals

Estimating Starting Doses for In Vivo Studies using In Vitro Data
Dr. Manfried Liebsch, ZEBET – Center for Documentation and Evaluation of Alternative
Methods to Animal Experiments

11:00 a.m. An Integrated Approach for Predicting Acute Systemic Toxicity
Dr. Bas Blaauboer, Research Institute of Toxicology (RITOX), Utrecht University

11:30 a.m. Opportunities for Future Progress
Dr. Oliver Flint, Bristol-Meyers Squibb

12:00 p.m. Public Comment
12:15 p.m. Breakout Group Charges

Dr. John Frazier, DOD Tri-Service Toxicology Lab, USAF, Co-Chair Workshop Organizing
Committee

12:30 p.m. Lunch Break
1:45 p.m. Breakout Groups:  Identify Needs

1. Screening Methods  (Regency Ballroom F)
2. Toxicokinetic Determinations  (Arlington Room)
3. Predicting Organ Specific Toxicity and Mechanisms  (Fairfax Room)
4. Chemical Data Sets for Validation  (Prince William Room)

3:30 p.m. Coffee Break
4:00 p.m. Breakout Groups (Cont’d)
5:30 p.m. Adjourn for Day
6:00 p.m. Shuttle Begins between Hyatt Regency and Potowmack Landing Restaurant
7:00 p.m. Dinner (Chart Room) – Pre-registration was required by October 9th.
8:00 p.m. Dinner Speaker – Professor Michael Balls, ECVAM “In Vitro Toxicology:  

Perspectives on Past and Future Progress”
8:45 p.m. Shuttle Begins between Potowmack Landing Restaurant and Hyatt Regency
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Wednesday, October 18, 2000

8:00 a.m. Plenary Session – Status Reports by Breakout Group Co-Chairs – Regency Ballroom F
(Moderator: Dr. Philip Sayre, U.S. EPA, OPPTS, Co-Chair Workshop Organizing Committee)

8:40 a.m. General Discussion
9:00 a.m. Breakout Group:  Current Status

1. Screening Methods  (Regency Ballroom F)
2. Toxicokinetic Determinations  (Arlington Room)
3. Predicting Organ Specific Toxicity and Mechanisms  (Fairfax Room)
4. Chemical Data Sets for Validation  (Prince William Room)

10:30 a.m. Coffee Break
10:45 a.m. Breakout Groups (Cont’d)
12:00 p.m. Lunch Break
1:30 p.m. Breakout Groups (Cont’d)
3:30 p.m. Coffee Break
4:00 p.m. Breakout Groups (Cont’d)
5:30 p.m. Adjourn for the Day

Thursday, October 19, 2000

8:00 a.m. Current Status Plenary Session – Status Reports by Breakout Group Co-Chairs – Regency
Ballroom F
(Moderator:  Dr. John Frazier, DOD Tri-Service Toxicology Lab, USAF, Co-Chair Workshop
Organizing Committee)

8:40 a.m. General Discussion
9:00 a.m. Breakout Groups:  Future Directions

1. Screening Methods  (Regency Ballroom F)
2. Toxicokinetic Determinations  (Arlington Room)
3. Predicting Organ Specific Toxicity and Mechanisms  (Fairfax Room)
4. Chemical Data Sets for Validation  (Prince William Room)

10:30 am Coffee Break
10:45 a.m. Breakout Groups (Cont’d)
12:00 p.m. Lunch Break
1:30 p.m. Breakout Groups (Cont’d)
3:30 p.m. Coffee Break
4:00 p.m. Breakout Groups (Cont’d)
5:30 p.m. Adjourn for the Day

Friday, October 20, 2000

8:00 a.m. Closing Plenary Session – Reports by Breakout Group Co-Chairs – Regency Ballroom A/B
(Moderator:  Dr. William Stokes, NIEHS, Co-Chair ICCVAM)

8:00 a.m. Screening Methods (30 min/15 min discussion)
8:45 a.m. Toxicokinetic Determinations (30 min/15 min discussion)
9:30 a.m. Predicting Organ Specific Toxicity and Mechanisms (30 min/15 min discussion)

10:15 a.m. Coffee Break
10:45 a.m. Closing Plenary Session – Reports by Breakout Group Co-Chairs (Cont’d)

10:45 a.m. Chemical Data Sets for Validation of In Vitro Testing Methods for Assessing Acute Toxicity (30
min/15 min discussion)

11:30 a.m. Public Comment
12:00 p.m. Closing Comments 
12:15 p.m. Adjourn
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Summary of Opening Plenary Session and Public Comments

The International Workshop on In Vitro Methods for Assessing Acute Toxicity

October 17-20, 2000

Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)

The National Toxicology Program (NTP)
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM)

National Institute of Environmental Health Sciences (NIEHS)

Opening Plenary Session

Speakers:

• Dr. John Frazier, USAF/ICCVAM, Workshop Co-Chair
• Dr. Philip Sayre, EPA/OPPT/ICCVAM, Workshop Co-Chair
• Dr. William Stokes, NIEHS/ICCVAM/NICEATM
• Dr. John Bucher, NIEHS
• Dr. Steve Galson, EPA/OPPT
• Dr. James Cone, California Department of Health Services
• Dr. Manfred Liebsch, ZEBET
• Dr. Bas Blaauboer, Research Institute of Toxicology, Utrecht University
• Dr. Oliver Flint, Bristol-Meyers Squibb

Call to Order and Introductions

Dr. William Stokes called the workshop to order at 8:38 a.m.  Dr. Stokes explained that the Workshop
was organized by ICCVAM and NICEATM and was co-sponsored by the U.S. Environmental Protection
Agency (EPA), the National Institute of Environmental Health Sciences (NIEHS) and the National
Toxicology Program (NTP).  He thanked everyone for their participation and attendance.  He discussed
the goals of ICCVAM and NICEATM stating that the overall goal is to validate and achieve regulatory
acceptance of test methods that will provide improved protection of human health and the environment,
while incorporating the three Rs for the use of animals (refinement, reduction and replacement) whenever
scientifically feasible.  He stated that the purpose of the workshop was to evaluate the validation status of
in vitro test methods for assessing acute systemic toxicity.  He reviewed the functions of ICCVAM,
which include the technical evaluation of new methods including independent scientific peer reviews, and
organizing expert panel meetings to review test methods at various stages of development and validation.
Dr. Stokes concluded by stating that ICCVAM also organizes workshops to identify additional research
and validation efforts necessary to develop and further enhance the usefulness of new methods.

Welcome from the National Toxicology Program (NTP)

Dr. Stokes introduced Dr. John Bucher of NIEHS as the next speaker.  Dr. Bucher thanked Dr. Stokes and
welcomed the participants of the workshop.  He conveyed the regrets of Dr. Christopher Portier of
NIEHS/NTP who was unable to attend the workshop and then thanked the ICCVAM agencies and the
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U.S. EPA for the effort provided for the workshop.  Dr. Bucher remarked that the purpose of the
workshop was to seek scientific advice and opinion concerning alternative test methods.  He expressed
hope that the scientists would work to advance alternatives for acute toxicity testing and provide
information to move in vitro alternative tests forward.  He concluded by thanking the workshop
participants for their knowledge, experience and time.

Workshop Objectives

Dr. Sayer reintroduced the objectives of the workshop, provided background remarks and listed points for
the participants to consider: 1) determine the hazards of chemicals by alternative methods; 2) find non-
lethal acute toxicity testing endpoints; and 3) ascertain which in vitro methods might be helpful and could
be validated.  He challenged the scientists to review in vitro screening methods for toxicokinetics and
specific organ toxicity and to recommend applicable methods for pre-validation and validation studies.
Dr. Sayre asked the scientists to recommend validation study designs, to determine lists of reference
chemicals and to prioritize in vitro methods.

Dr. Sayre discussed the general structure of the workshop.  Four breakout groups would investigate their
respective topics and the invited expert scientists would lead the discussions.  Time would be made
available for public comment at the meetings.  The workshop would begin each morning with a short
plenary session to discuss the previous day’s activities and would end each evening with a meeting of the
co-chairs and rapporteurs.  A final report from each breakout group would be compiled as a workshop
report ready for publishing by January 2001.  He also said that a workshop monograph could be published
by NIEHS’ Environmental Health Perspectives Supplements in April 2001.  Dr. Sayre concluded his
remarks by naming the organizing committee for the workshop and then thanked everyone for their work.

Memoriam for Björn Ekwall

Dr. Stokes thanked Dr. Sayre and continued the session by mentioning the recent untimely death of Dr.
Björn Ekwall.  He spoke of Dr. Ekwall’s extensive contributions and dedication to alternative test method
development.  Dr. Stokes then introduced Dr. Erik Walum, a close friend and colleague of Dr. Ekwall.

Dr. Walum described Dr. Ekwall as a medical doctor and toxicologist who pushed seriously for
implementation of in vitro test methods.  He discussed Dr. Ekwall’s life and work in Uppsala, Sweden
and related Dr. Ekwall’s belief that the United States must accept in vitro alternative testing methods in
order for the world to embrace the methodology.  Dr. Ekwall established the Scandinavian Cell
Toxicology Society whose mission is to gather scientists for meetings and show that chemical effects on
cells should translate to in vivo effects.  He initiated the Multicenter Evaluation of In Vitro Cytotoxicity
(MEIC) to test 50 chemicals and collect the results.  Sixty-five different test methods were employed for
testing the chemicals.  He introduced the concept to test compounds in simple systems such as cell
cultures and to extrapolate the results to human toxicity.  He felt that one could break down systems to
elementary parts then analyze them by in vitro methods.  Dr. Walum concluded his remarks by relating
that Dr. Ekwall knew that if he were not able to continue his work, then someone else would take over.
Dr. Stokes thanked Dr. Walum for his remarks.

The Role of ICCVAM

Dr. Stokes described the evolution, structure, and function of ICCVAM, and its role in facilitating the
development and validation of alternative test methods.  The driving forces for the establishment and need
for ICCVAM were listed: 1) the opportunity to incorporate new science and technologies into
toxicological testing practices; 2) the potential benefits of improved prediction of toxicity, improved
efficiency and improved animal welfare; 3) legislation including the NIH Revitalization Act of 1993
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(Public Law 103-43); and 4) the need for development and validation of test methods for new endpoints
of concern, such as the Endocrine Disruptor Screening and Testing Program at EPA.  ICCVAM also
fulfills other mandates provided to NIEHS by Public Law 103-43, such as alternative test method
development and validation.

Dr. Stokes related that ICCVAM began as an ad hoc committee comprised of representatives from 15
Federal regulatory and research agencies in September 1994.  The committee developed a report on
criteria and processes for the validation and regulatory acceptance of toxicological test methods that was
published in 1997.  A standing ICCVAM committee was established in May 1997 to implement the
Public Law 103-43 mandate that NIEHS establish a process to achieve the regulatory acceptance of
scientifically valid alternative methods.  The committee evaluates proposed test methods and provides
recommendations to Federal agencies, which in turn decide the regulatory acceptability of the methods.
He explained that NICEATM is located at NIEHS and provides operational and technical support for
ICCVAM by co-organizing workshops and peer reviews of test methods, disseminating information, and
developing partnerships with stakeholders.

Dr. Stokes reviewed the prerequisites for using new methods which include: 1) adequate validation,
which involves determining the reliability and relevance of test methods for specific purposes, and 2)
acceptance, which involves determination of the acceptability for regulatory risk assessment purposes.
The evolution process for new testing includes: the review of existing risk assessment methods, research,
development, pre-validation, validation, peer review, regulatory acceptance, and implementation.  The
current ICCVAM/NICEATM role in test method development and validation is to provide information, to
evaluate test methods, and to provide recommendations to agencies.  The objectives of ICCVAM
Workshops include: to evaluate the adequacy of current test methods; to identify toxicological endpoints;
to identify promising methods which need further development and validation; to recommend appropriate
validation studies; and to recommend research and model development efforts needed to support
improved test methods for specific toxicity endpoints.  ICCVAM/NICEATM has completed independent
peer review evaluations for the following tests: 1) the murine local lymph node assay (LLNA); 2)
Corrositex; 3) FETAX; and 4) the revised UDP.  Dr. Stokes concluded his presentation by
acknowledging the contributions of the ICCVAM Agency Representatives, the ICCVAM Workshop
Organizing Committee, and the NICEATM staff.

Acute Toxicity Testing: Historical and Current Regulatory Perspectives

Dr. Galson began by saying that the workshop represents the working relationship of EPA and NIEHS.
He thanked Dr. Richard Hill of the EPA and Dr. Stokes for their work and participation in the workshop.
He acknowledged the animal welfare groups for their role in pushing forward the objectives of alternative
testing.  He also thanked Dr. Amy Rispin of the EPA for her contributions to forwarding alternative
testing.  Dr. Galson said the EPA committee assures that the 3Rs will be the primary objective of the
workshop and the committee will work toward regulatory acceptance with the protection of public health
foremost in mind.

Dr. Galson spoke of alternative methods for determining acute toxicity being used by the regulatory
agencies to revise acute toxicity studies.  The long-term goal is to develop in vitro methods to replace
animals and recommendations from the workshop participants will move in vitro methods forward.  He
outlined the current methods used for determining acute toxicity as the “classical” LD50 test and OECD
Acute Oral Toxicity Tests 401, 420, 423 and 425.  He related that OECD 401 test was to be dropped and
that U.S. agencies will accept this decision.

Regulatory uses of acute toxicity data include hazard labeling (only EPA requires), hazard classification
(LD50 dose points – required by some EPA offices, e.g., Office of Pesticide Programs), and risk
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assessment.  Dr. Galson listed the regulatory agencies and illustrated how they use hazard labels, and how
they receive data and perform risk assessment.  It is important to harmonize test methods between the
various federal agencies (CPSC, DOT, OSHA, EPA, FDA, NIOSH, and ATSDR).  Dr. Galson concluded
by urging the workshop participants to revise methods for determining acute toxicity and to meet the
scientific challenges.  Recommendations of the workshop would be relevant to the federal regulatory
agencies, in particular, the EPA for the HPV chemical program.  Dr. Stokes thanked Dr. Galson and then
introduced Dr. James Cone who would speak about clinical perspectives in occupational health.

Acute Toxicity Data  -- A Clinical Perspective

Dr. Cone defined acute toxicity as health effects resulting from exposure over a short period of time.
Though no single definition for acute exposure had been agreed upon, he felt that unintended releases of
chemicals into the environment and poisonings would constitute a working definition.  Many chemicals
have acute toxicity human data and he related the clinician’s experience with acute toxicity data by listing
the available tools: Physicians Desk Reference (PDR), Material Safety Data Sheets (MSDS), poison
control centers (PCC), Medline searches, the internet and the telephone.  Knowledge is often based on
human exposure.  The clinician views acute toxicity as an immediate exposure to a substance while
chronic toxicity occurs from exposure over a long period of time.

Dr. Cone discussed two incidents of toxic exposure that occurred in California.  One incident involved a
four-hour release/spill of oleum into the environment and required the evaluation of 20,000 residents at
local emergency facilities.  A second case study resulted from the release of 19,000 gallons of metam
sodium into a river.  Problems faced by agencies responding to these incidents included determining: the
toxic agent, the acute health effects of the release, medical treatment and whether evacuation of the area
was necessary.  Exposure assessment was difficult in these cases because of differences in the odor
threshold and the irritant threshold.  It was important to know whether the substance traveled as a plume
or flowed in the waterways.  Dr. Cone discussed the examination of personnel close to the spills and the
difficulty in detecting acute exposure in the individuals.

Dr. Cone suggested that the clinician’s tools for measuring acute toxicity are mostly crude.  Data from
HSDB may be too old, as are data for threshold limit values (TLV) and legal permissible exposure limits
(PELs).  The limitations of the existing toxicity data include the lack of acute toxicity data for some
chemicals and the lack of toxicity information for exposure to multiple chemicals, which is a common
exposure scenario for humans.  Dr. Cone also provided sources/websites of acute toxicity data.  Dr. Cone
stated that the clinician is challenged on how to interpret acute toxicity data on chemicals and on how to
keep updated on human data.  Dr. Cone ended his presentation by reminding the participants of the
Nuremberg Code for Medical Experimentation on Humans.  Dr. Stokes thanked Dr. Cone and dismissed
the participants for a break.

In Vitro Approaches to Estimate the Acute Toxicity Potential of Chemicals

Dr. John Frazier opened the second phase of the plenary session by introducing Dr. Manfred Liebsch
from the Center for Documentation and Evaluation of Alternative Methods to Animal Experiments
(ZEBET).

Estimating Starting Doses for In Vivo Studies using In Vitro Data

Dr. Liebsch began his presentation with an overview of ZEBET, which is part of the Federal Institute for
Health Protection of Consumers and Veterinary Medicine of Germany.  The three divisions of ZEBET are
for documentation, evaluation and research.  ZEBET uses in vitro data for prediction of in vivo toxicity.
One hundred ten chemicals were evaluated in 1954 and another 15 chemicals were evaluated in 1956
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using data from Dr. Willi Halle (Registry of Cytotoxicity) and Dr. Björn Ekwall (MEIC).  Dr. Halle
produced a monograph, which include a registry of 347 chemicals, in 1998.  Dr. Liebsch provided the
scheme used for predicting starting doses for acute toxicity tests for these chemicals: NIOSH data Õ
concentration response curve Õ databank Õ regression Õ prediction of starting dose.

 The Registry of Cytotoxicity (RC) acceptance criteria includes: 1) in vitro IC50 data gathered from the
literature; 2) data from mammalian primary cells or cell lines (no hepatocytes); 3) chemical incubation
time ≥ 16 hours; and 4) data from two different laboratories or two different cell types or two cytotoxicity
endpoints.  In vitro cytotoxicity endpoints include cell profiles, viability (MTT, Neutral Red, Trypan Blue
data) and markers for differentiation.  In vivo LD50 data includes only values found in NIOSH databases.
If more than one LD50 value is available, then the largest value is used.  LD50 data from rats and mice
(oral and iv route) were collected; rat data are preferred.  The ZEBET chemical list was shown and IC50x
(i.e., geometric mean of IC50s for each chemical) values were discussed.

Dr. Liebsch presented the RC method of
validation: LD50 = a + b x log IC50x (a =
intercept, b = regression coefficient, r =
correlation coefficient).  Changes in the
estimates of a, b, and r were small for the four
regression analyses of the RC using 102, 117,
230, and 347 chemicals.  The regression
analysis provides a better prediction of LD50
for less toxic chemicals.  Dr. Liebsch
continued by discussing ECVAM Workshop
16 (1994) that produced 10 recommendations
for determining starting doses.  He discussed
the UDP test, which uses sequential dosing
starting close to the LD50 value, and said that
the RC data could predict acute oral LD50s.
One would determine the IC50 in a
cytotoxicity test, predict the LD50 using the
RC, and then determine the LD50 in the
animal.  A tiered approach to the LD50, as
shown in Dr. Liebsch’s slide on the left, would
use a cytotoxicity test to determine the starting
dose for non-toxic chemicals where only the
highest dose is applied (Limit Test).  In a
classification of 1115 industrial chemicals for
acute toxicity in Europe, the majority were
found to be non-toxic.  Dr. Liebsch concluded
his presentation with the following points: 1)
the use of basal cytotoxicity to predict the oral

LD50 for use as a starting dose will save 30-40% of animals used; 2) basal cytoxicity tests can be used to
determine whether a Limit Test should be performed; 3) the increased number of toxicity classes in
OECD-HCL guidelines will increase the animal saving effect of the tiered in vitro/in vivo approach; and
4) lower animal use is predicted and validation of animal reduction is needed.  His final point was that all
of the effort is worth it to reduce animal testing.  Dr. Frazier thanked Dr. Liebsch and then introduced Dr.
Bas Blaauboer as the next speaker.
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An Integrated Approach for Predicting Systemic Toxicity

Dr. Blaauboer introduced his presentation on how to integrate in vitro data in predictive toxicology.  He
challenged the workshop participants to eliminate animal use and discussed the Institute of Risk
Assessment Sciences, the development of computer based biokinetic models, and in vitro tests.  He
provided a brief discussion of the ECITTS (ERGATT/CFN Integrated Toxicity Testing Scheme) project.

Dr. Blaauboer explained that the aim of “classical” toxicological risk assessment is to establish safety
factors for human exposure.  Classical in vitro toxicology methods are limited because they find
concentration for effect instead of determining dose and it is difficult to extrapolate the data to an intact
organism.  There is also a lack of biotransformation/kinetics data and the tests concentrate on cytotoxicity
rather than on mechanisms of importance in vivo.  He presented the necessary building blocks to produce
integrated models: 1) biokinetic modeling; 2) prediction of tissue concentration; 3) knowledge of
effective concentration for relative targets; 4) prediction of these effective concentrations; and 5)
calculation of doses relevant for
risk assessment.  He briefly
discussed the European
Research Group for
Alternatives in Toxicity Testing
(ERGATT) and the Swedish
National Board for Laboratory
Animals (CFN).

The ECITTS project building
blocks are: 1) experimental –
QSAR and in vitro data for
biokinetics model; 2) modeling
– in vitro data for PBBK
models, determination of target
tissue concentration; and 3)
validation – validate against in
vivo kinetics.  The stepwise
approach is: 1) determine the
relevant parameters for
biokinetic model, building
model using non-animal data – physiochemical properties (e.g. tissue partition, air/blood partition) and
data from cell culture systems (e.g., biotransformation, passage of cellular layers with barrier functions);
2) validate with in vitro/in vivo comparisons; 3) use in vivo data to construct or improve biokinetic model;
extrapolate data from non-toxic doses; 4) estimate tissue concentration especially in target tissues; 5) use
in vitro assays to get response surrogates; 6) integrate kinetic and dynamic data, as shown in Dr.
Blaauboer’s slide above; and 7) predict surrogate dose.

Dr. Blaauboer produced a list of compounds tested with a neural aspect (e.g., pesticides) and explained
that the test strategy included: determination of basal cytotoxicity and morphological changes;
determination of changes in cell physiology and neurochemistry; and determination of neurotoxic
concentration (EC20).  He illustrated this strategy using acrylamide as an example.

The following schematic would be used for the integrated use of alternative methods in toxicological risk
assessment: structure of compound Õ chemical functionalities Õ QSAR Õ in vitro testing Õ
classification of compound.  This approach would lead to an in vitro test battery that could produce EC50
ratios, ultimately leading to limited in vivo testing.  Dr. Blaauboer concluded that integrating in vitro data
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in risk evaluation is valid provided biokinetics are taken into account and that the integration of all
available data in a stepwise manner will improve risk assessment.  Dr. Frazier thanked Dr. Blaauboer and
introduced Dr. Oliver Flint.

Opportunities for Future Progress  - In Vitro Approaches to Predicting Acute Toxicity

Dr. Flint opened his presentation by stating that in vitro tests used in a focused way could predict acute
toxicity.  He provided a test example: Taxol® Neuropathy – Successful In Vitro Prediction of Acute
Toxicity.  The objective was to characterize the neurotoxic effect of Taxol®.  The in vitro model uses
dorsal root ganglia cells and examines cytotoxicity, mitochondrial transport, morphology, and LDH
leakage as endpoints.  Dr. Flint discussed prediction of lethality as described by the MEIC project.  He
listed MEIC websites and suggested that mirror sites for the data be established.  The basal cytotoxicity
hypothesis for lethality using the 50 MEIC compounds correlates with human lethal plasma
concentration.  Problems with the basal cytotoxicity hypothesis are confounding factors such as
interspecies differences in liver toxicity and specific toxicity for cell types; not all cell lines are alike.

He presented lessons in lethality predictions: 1) in vitro systems can make general predictions of in vivo
toxicity; 2) human toxicity is best predicted by human cells; 3) variability is an unavoidable confounding
factor; and 4) choosing the right cell is of critical importance.  Future directions for predicting acute and
other toxicities include computational predictions, molecular biology and in vitro systems targeting
specific toxicological areas.  In silico predictive toxicity is good for mutagenicity and carcinogenicity

predictions, but weak for
acute and reproductive
toxicology.  Dr. Flint
presented the table, on the
left, for the changing
paradigm illustrating the
great reduction of testing
time using in silico
predictions.  He also
discussed emerging
technologies such as
transcriptome, proteome,
and metabonome and stated
the usefulness and
limitations of the techniques.
Dr. Flint concluded by
stating the need to develop
new technologies to
characterize predictive
biomarkers and to
investigate transcriptome

and proteome for in vitro and metabonomics for in vivo.

Public Comments:

Ms. Mary Beth Sweetland (PETA)
Ms. Sweetland spoke of the January 1997 Scientific Group on Methodologies for the Safety
Evaluation of Chemicals (SGOMSEC) conference on alternatives and the focus on the need to
increase the rate of development of alternatives for toxicology.  She expressed concern for the EPA
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endocrine disruptor screening program’s use of numerous animals.  She appreciated Dr. Galson’s
assurance that the EPA supported dropping OECD’s TG 401 but feels that the ICCVAM validation
principles are being applied arbitrarily resulting in a double standard.  Ms. Sweetland stated that the
non-standardized developmental neurotoxicity test uses up to two-thousand animals and is required
by the EPA in the pesticide testing program even though testers can’t agree on many points of the
test.  She believes that the EPA should support and practice full validation of all tests, animal and
non-animal.  Additionally, she feels that transgenics are not a true reduction method.  She expressed
frustration at the EPA, FDA and DOT for the agencies’ continued use of animals in testing and
dismay that in vitro cytotoxicity testing was being viewed as a novel concept instead of a time tested
one.  She again expressed appreciation for Dr. Galson’s recommendation that in vitro cytotoxicity be
used for dose setting as an interim step to total replacement.  She urged regulatory agencies and
companies to not wait for others to solve the problem and move forward on enhancing the cell tests.

Dr. Andrew Rowan (U.S. Humane Society)
Dr. Rowan explained that the Helsinki Declaration has been significantly revised in terms of animal
welfare and appropriate animal testing and thus has been significantly modified from the old
Nuremburg Code.

Dr. Giles Klopman (Case Western Reserve University; Multicase, Inc.)
Dr. Klopman stated that computer models wouldn’t come into play if the validation is as lax as
validation of short-term assays.  He predicted that computer models will replace short-term assays
and said that the FDA has a database for short-term assays.  He was confident that the scientific
community would solve the testing problems in the long run.

Adjournment

Dr. Frazier concluded the morning plenary session by restating the charge for the breakout groups and
workshop participants.  He stated the workshop objectives and described the nature of the four breakout
groups.  He explained that the workshop was to have the breakout groups answer the prepared questions
provided by the Organizing Committee and to produce reports that will eventually be published.  The
morning session ended at 12:18 p.m.

Closing Plenary Session

Dr. Stokes opened the closing plenary session at 8:04 a.m. and introduced the Co-Chairs of the breakout
groups.  Co-Chairs presented their workshop reports (See Sections 2-5) and an opportunity for public
comments was permitted.

Public Comments:

Ms. Jessica Sandler (PETA)
Ms. Sandler spoke of money available for development of non-animal tests: NIEHS committed $1.5
million for fiscal year 2000 and $3.0 million for fiscal year 2001; the EPA committed $0.5 million
over two years, and stated that the MEIC study would receive high priority.  She expressed concern
that the EPA had no single project in development for developing non-animal tests, yet continued
requiring massive animal testing programs, in particular the HPV program.  Ms. Sandler urged the
ICCVAM to take a more aggressive role in developing alternative testing methods.  She praised the
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workshop for bringing together international and American scientists to persuade government
regulators to seriously consider alternative testing methods.

Dr. Martin Stevens (Humane Society of the U.S.)
Dr. Stevens complimented ICCVAM for its role in organizing the workshop and hoped to be involved
with ICCVAM in moving forward with the recommendations put forth by the workshop.  He spoke of
three hurdles in the evolution of replacing the LD50 test: 1) use of cytotoxicity data to accurately
predict starting doses to reduce animal use; 2) use of limit tests to confirm non-toxicity; and 3) total
replacement of the LD50 test.

Ms. Mary Beth Sweetland (PETA)
Ms. Sweetland made comments directly to ICCVAM concerning European Union acceptance of four
validated test methods (three for corrosion and one for phototoxicity): Episkin, EpiDerm, rat skin
TER, and 3T3 Neutral Red Uptake.  She stated that the United States should accept the ECVAM
validations and present these methods to the OECD as accepted methods.  She concluded by thanking
those who put the effort forth for the workshop.

In response to Ms. Sweetland’s comments, Dr. Stokes stated that ICCVAM has an interagency
Corrosivity Working Group that has provided extensive comments on the OECD proposals for the
corrosivity methods mentioned, and U.S. government scientists also provided comments on the
phototoxicity method.  ICCVAM is currently developing an expedited process by which methods
reviewed, validated, and accepted in Europe could be reviewed and considered by U.S. agencies.

Conclusion and Adjournment

Dr. Stokes presented the closing comments for the workshop, stating that the Breakout Groups had made
remarkable progress.  He thanked the co-chairs of the breakout groups, the agency representatives and the
scientists attending the workshop.  He stated that the objectives of the workshop had been met or
exceeded in all areas, and that the Workshop’s advice will lead to refinement in the near term and
contribute to progress toward replacement.  He stated that a report of the workshop would be published in
2001 and made available to the public.  Dr. Stokes also recognized and thanked the ICCVAM Organizing
Committee, Dr. Philip Sayre, Dr. John Frazier, and the NICEATM staff.  The meeting was adjourned at
12:00 noon.
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International Workshop on In Vitro Methods
for Assessing Acute Systemic Toxicity
October 17-20, 2000
Arlington, VA. U.S.A.

Guidance for Breakout Groups

Breakout Groups will address the applicable
Workshop objectives and develop responses to the
questions provided for each Breakout Group.

A.   Workshop Objectives:

1. Review the status of in vitro methods for
assessing acute systemic toxicity:
a. Review the validation status of available

in vitro screening methods for their
usefulness in estimating in vivo acute
toxicity;

b. Review in vitro methods for predicting
toxicokinetic parameters important to
acute toxicity (i.e., absorption,
distribution, metabolism, elimination);

c. Review in vitro methods for predicting
specific target organ toxicity;

2. Recommend candidate methods for future
evaluation in prevalidation and validation
studies;

3. Recommend validation study designs that can
be used to adequately characterize the
usefulness and limitations of proposed in vitro
methods;

4. Identify reference chemicals that can be used
for development and validation of in vitro
methods for assessing in vivo acute toxicity;

5. Identify priority research efforts necessary to
support the development of mechanism-based
in vitro methods to assess acute systemic
toxicity.  Such efforts might include
incorporation and evaluation of new
technologies, such as gene microarrays, and
development of methods necessary to
generate dose response information.

B.   Breakout Group Questions

Breakout Group 1: In Vitro Screening Methods
for Assessing Acute Toxicity

This Breakout Group is asked to evaluate the
validation status of available in vitro methods for

estimating in vivo acute toxicity.  The Group will
identify methods and appropriate validation
studies that might be completed within the next 1-
2 years.  The potential uses of QSAR as part of an
in vitro strategy will also be evaluated.

Session 1-1: Identifying Needs

1. What are the near-term (< 2 years) goals and
potentially attainable objectives for validation
and use of in vitro methods that might reduce
animal use for assessing acute toxicity?

2. What types of in vitro endpoints would be
most effective for assessing in vivo acute
toxicity; those that relate to general toxicity
(e.g., cell death, growth inhibition) or those
that are more cell or function specific (e.g.,
DNA damage/repair/synthesis; mitochondrial
functionality; inhibition of other metabolic
pathways)?

3. What other issues need to be considered for
selecting protocols, e.g., robustness of
protocol, reproducibility, stability of cell line?

4. What is the role of QSAR (and other
prediction models) in predicting acute
toxicity?

Session 1-2: Current Status

1. What are the available in vitro methods that
might be useful in estimating  acute in vivo
toxicity.?  Are standardized and/or optimized
protocols available?

2. What are the strengths and limitations of
available in vitro cytotoxicity assays (e.g.,
MEIC; ZEBET’s validation efforts to extend
cytotoxicity data to obtain better starting dose
estimations; other mechanism-based
cytotoxicity assays)?

3. What is the validation status of available in
vitro screening methods (see Validation
Criteria)?

4. Have any of these available in vitro methods
been adequately evaluated for their usefulness
for a specific purpose?  If so, is their
performance sufficient to recommend their
use at this time?

5. What are the relative advantages and
disadvantages for the use of human
cells/tissues versus human cell lines versus
animal cells/tissues versus animal cell lines?
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6. To what extent do available methods take into
consideration metabolic
activation/inactivation of chemicals?

7. How have QSAR and other prediction models
been used to estimate acute toxicity?  What
commercially available software exists?
What are their advantages and disadvantages?

8. Are the available toxicity databases adequate
to develop useful QSARs for industrial
chemicals, consumer products, drugs?  If not,
what are the data needs?

Session 1-3: Future Directions

1. What are the most promising in vitro methods
that should be further evaluated for their
usefulness in reducing and/or refining animal
use for acute toxicity?
a.. What validation studies would be

necessary to adequately evaluate the
usefulness and limitations of these
proposed methods for their proposed use?

b. What research and/or developmental
needs are required for candidate in vitro
tests?

c. What other mechanism-based in vitro
methods or endpoints should be evaluated
in future validation studies (e.g.,
microarray evaluation of altered gene
expression patterns)?  If so, which in vitro
methods or endpoints should be given
priority?

2. Which are the most promising in vitro
methods for further evaluation or validation as
replacements for in vivo acute toxicity test
methods?
a. What additional validation studies would

be necessary to adequately evaluate the
usefulness and limitations of these
methods as replacements?

b. What research and/or developmental
needs are required for candidate in vitro
tests?

c. What other mechanism-based in vitro
methods or endpoints should be evaluated
in future validation studies (e.g.,
microarray evaluation of altered gene
expression patterns)?  If so, which in vitro
methods or endpoints should be given
priority?

3. How should individual tests be evaluated to
determine their usefulness for integration into
an overall acute toxicity testing strategy?

4. What criteria should be used to evaluate
QSAR methods?  To what extent could
QSAR’s be improved by an improved
understanding of the molecular and cellular
mechanisms of action of toxicity?  What
knowledge gaps exist that should be
addressed by future research?

Breakout Group 2: In Vitro Methods for
Assessing Acute Toxicity –Toxicokinetic
Determinations

This Breakout Group will evaluate the capabilities
of in vitro methods for providing toxicokinetic
information (absorption, distribution, metabolism,
and elimination) that can be used to estimate
target organ dosimetry for acute toxicity testing
and to provide recommendations for future
research needs to accomplish this goal.  The role
of QSAR in toxicokinetic determinations will also
be explored.

Session 2-1: Identify Needs

1. How can in vitro methods for evaluating
chemical kinetics in biological systems
contribute to the hazard and risk assessment
process?

2. What is the role of toxicokinetics in the
overall mechanisms by which chemicals illicit
acute toxicity?

3. What toxicokinetic techniques should be
considered as in vitro assays to improve
predictivity and increase understanding of
toxicity mechanisms? What is the role of
QSAR in predicting chemical kinetics?

Session 2-2: Current Status

1. What in vitro methods are available for in
vitro estimations of chemical-specific
toxicokinetic parameters in animals and
humans?

2. What are the strengths, limitations, and
validation status of these available methods?

3. What mathematical approaches are available
to predict or model toxicokinetics of
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chemicals in mammalian systems based on
data from in vitro systems?

4. What are the potential strengths and
limitations of these approaches?

5. How would the approaches have to be
modified/improved to meet acute toxicity
testing needs?

6. How effective are the available QSAR
systems for predicting in vivo toxicokinetic
parameters?

Session 2-3: Future Directions

1. Which in vitro , QSAR or PBBK methods are
the most promising for future use or
development?

2. How should candidate methods be further
developed/validated?

3. What are the more important issues to focus
on in the long run (e.g., GI absorption, blood-
brain barrier penetration)?

4. What research and development efforts are
needed to achieve the ability to predict
chemical kinetics in animals and humans?

Breakout Group 3: In Vitro Methods for
Assessing Acute Toxicity - Specific Organ
Toxicity and Mechanisms

This Breakout Group will review in vitro methods
that can be used to predict specific organ toxicity
or toxicity associated with alteration of specific
cellular or organ functions, and develop
recommendations for priority research efforts
necessary to support the development of methods
that can accurately assess target organ toxicity.

Session 3-1: Identify Needs

1. How can in vitro methods for assessing target
organ toxicity contribute to hazard
identification and dose-response assessment
processes?

2. What is the relationship between in vitro
mechanisms of toxicity and mechanisms by
which chemicals are acutely toxic to animals
and humans?

3. How can in vitro toxicity assays be used to
predict acute organ-specific toxicity?

4. Can mechanism-based in vitro methods be
developed to evaluate the range of in vivo

toxicity processes and estimate those which
may lead to injury or lethality?

5. What in vitro procedures and endpoints
should be considered to improve predictability
of in vivo effects and increase understanding
of toxicity mechanisms?

Session 3-2: Current Status

1. What in vitro methods are available for target
tissue-based estimations of animal and human
responses to chemicals?

2. What is the validation status of these available
methods?

3. What are their potential strengths and
limitations?

4. How would they have to be
modified/improved to enhance their
usefulness?

5. Are techniques available to extrapolate in
vitro cell toxicity data to predict acute
systemic responses and ultimately system
failure?

Session 3-3: Future Directions

1. Which are the most promising assays or
methodologies to evaluate further?

2. How should each one be further
developed/validated?

3. What are the research needs to attain the
ability to predict acute toxicity in animals and
humans?

4. What new methods or approaches are
available that might improve mechanism-
based in vitro estimations of animal and
human responses to chemicals?  How should
they be developed for acute toxicity testing
purposes?

5. How might the potential usefulness of
microarray technology/differential gene
expression for predicting systemic toxicity be
further evaluated?

6. What research needs must be supported to
improve QSAR methods for predicting target
organ toxicity?
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Breakout Group 4: Chemical Data Sets for
Validation of In Vitro Toxicity Tests

This Breakout Group will have the responsibility
of defining what chemical data sets are required
for validation studies, identifying existing
resources, and recommending approaches for
using existing data sets and/or compiling or
developing new data sets.

Session 4-1: Identify Needs

1. What are the characteristics of chemical [sets]
that should be used in the validation of in
vitro test methods for acute toxicity?  For
predicting organ-specific toxicity or toxicity
based on specific mechanisms?

2. What criteria should be used for selecting
chemical classes and chemicals to validate in
vitro methods for assessing acute toxicity?
Considering the different purposes of various
in vitro methods, which sets of chemicals
should be used to evaluate these different
purposes?

3. To what extent and how should product
classes/chemical classes (as used by
regulatory agencies) be used to guide
chemical selection?

4. To what extent and how should mode of
action and biological target data be used to
identify chemicals for use in validation
studies?

5. How can QSAR methods help in the selection
of validation chemicals?

Session 4-2: Current Status

1. What chemical data sets  are available (e.g.,
EPA-HPV industrial chemicals, pesticides,
drugs, food additives, NTP chemicals) that
could be used for the validation of acute
toxicity testing methods?

2. Are sufficient toxicity data available on
existing chemicals or will additional data need
to be obtained.

3. Do the available chemical data sets
adequately represent the range of regulatory
classifications for toxicity?

4. What QSAR models are currently available
for such an effort?

Session 4-3: Future Directions

1. What are the characteristics of chemical data
sets that could be used for validation of in
vitro tests for in vivo toxicity (e.g., estimation
of acute toxicity; identification of organ-
specific toxic effects; determination of ADME
parameters)?

2. To the extent possible, identify reference
chemicals for which sufficient information is
available that they should be considered for
validation of assays/methodologies for
predicting starting doses for in vivo studies,
assays, or other assays that can be
implemented in the near term?  Are existing
chemical sets adequate?  Are additional
chemicals needed, and if yes, are additional in
vivo acute toxicity data needed?

3. To the extent possible, which reference
chemicals should be used in the
development/validation of assays/methods
developed to predict in vivo acute toxicity in
the longer term?  Are different sets of
chemicals needed to evaluate methods to
predict target organ toxicity?

4. Should there be established chemical data sets
for use in validation studies, or should they be
selected or developed according to the
specific test to be evaluated?

5. What additional chemical data sets need to be
compiled or developed?

6. How should these chemical data sets be
developed, and by whom?
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1.0 Preface

[Note: This document has been modified for
inclusion in this In Vitro Workshop Report.]

This document provides background information
to facilitate discussion at the International
Workshop on In Vitro Methods for Assessing
Acute Systemic Toxicity, to be held on October
17-20, 2000, at the Hyatt Regency Crystal City in
Arlington, VA, U.S.  Undoubtedly, other
information on this topic exists.  Participants are
encouraged to bring relevant information to the
attention of NICEATM for consideration at the
workshop.  The Introduction (Section 2) provides
information on acute toxicity, the uses of acute
toxicity testing data by regulatory authorities and
clinicians, and the U.S. and OECD in vivo test
methods currently used for assessing acute
toxicity.  Section 3 discusses general strategies for
using in vitro test methods to assess in vivo
toxicity, including the use of quantitative structure
activity relationships (QSAR).  Sections 4 - 7
provide information relevant to each of the four
Workshop Breakout Groups: Breakout Group 1:
In Vitro Screening Methods for Assessing Acute
Toxicity; Breakout Group 2:  In Vitro Methods for
Assessing Acute Toxicity –Toxicokinetic
Determinations; Breakout Group 3: In Vitro
Methods for Assessing Acute Toxicity - Specific
Organ Toxicity and Mechanisms; and Breakout
Group 4:  Chemical Data Sets for Validation of In
Vitro Toxicity Tests, including lists of relevant
publications.  Information on potentially useful
general databases is provided in Section 8, a
complete list of references cited is provided in
Section 9, and a Glossary in Section 10.

2.0 Introduction

Acute toxicity testing in animals is typically the
initial step in the assessment and evaluation of the
health effects characteristics of a test substance,
and its primary purpose is to provide information
on potential health hazards that may result from a
short-term exposure (OECD, 1987).  This
information is used to properly classify and label
materials as to their toxicity in accordance with
national and international regulations and
guidelines.  An internationally harmonized system

has also been proposed (OECD, 1998a).  Another
purpose of such studies is to help guide the design
of longer-term health effects studies.  Acute oral
toxicity is defined as the adverse effects occurring
within a short time (i.e., up to a few weeks) of oral
administration of a single dose of a substance or
multiple doses given within 24 hours (OECD,
1987).  It is typically presented as an LD50 value,
which is a statistically derived estimate of the
single dose of a substance that can be expected to
cause death in 50 percent of the treated animals.
LD50 data are expressed in terms of amount of the
test substance per unit body weight of the animal
(e.g., g or mg/kg).  Potential target organ toxicity,
toxicokinetic parameters, and dose-response
relationships may also be evaluated in acute
toxicity studies.  While animals are currently used
to evaluate acute toxicity, recent studies suggest
that in vitro methods might be helpful in
predicting acute toxicity and in estimating in vivo
toxic chemical concentrations.

Studies by Spielmann et al. (1999) suggest that in
vitro cytotoxicity data may be useful in
identifying an appropriate starting dose for in vivo
studies, and thus may potentially reduce the
number of animals necessary for such
determinations.  Other studies (e.g., Ekwall et al.,
2000) have indicated an association between
chemical concentrations leading to in vitro
cytotoxicity and human lethal blood
concentrations.  A program to estimate
toxicokinetic parameters and target organ toxicity
utilizing in vitro methods has been proposed that
may provide enhanced predictions of toxicity, and
potentially reduce or replace animal use for some
tests (Ekwall et. al., 1999).  However, many of the
necessary in vitro methods for this program have
not yet been developed.  Other methods have not
been evaluated for reliability and relevance, and
their usefulness and limitations for generating
information to meet regulatory requirements for
acute toxicity testing have not been assessed.

The International Workshop on In Vitro Methods
for Assessing Acute Systemic Toxicity will
examine the status of available in vitro methods
for assessing acute toxicity.  The methods to be
addressed will include screening methods for
acute toxicity, such as methods that might be used
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to predict the starting dose for in vivo animal
studies, and methods for generating information
on toxicokinetics, target organ toxicity, and
mechanisms of toxicity.  The Workshop will
develop recommendations for validation efforts
necessary to characterize the usefulness and
limitations of these methods.  Recommendations
will also be developed for future mechanism-
based research and development efforts that might
further improve in vitro assessments of acute
systemic lethal and non-lethal toxicity.

The objectives of the Workshop are to:

• Review the status of in vitro methods for
assessing acute systemic toxicity:
a. Review the validation status of

available in vitro screening methods
for their usefulness in estimating in
vivo acute toxicity;

b. Review in vitro methods for
predicting toxicokinetic parameters
important to acute toxicity (i.e.,
absorption, distribution, metabolism,
elimination);

c. Review in vitro methods for
predicting specific target organ
toxicity;

• Recommend candidate methods for
further evaluation in prevalidation and
validation studies;

• Recommend validation study designs that
can be used to adequately characterize the
usefulness and limitations of proposed in
vitro methods;

• Identify reference chemicals that can be
used for development and validation of in
vitro methods for assessing in vivo acute
toxicity;

• Identify priority research efforts necessary
to support the development of
mechanism-based in vitro methods to
assess acute systemic toxicity.  Such
efforts might include incorporation and
evaluation of new technologies, such as
gene microarrays, and development of
methods necessary to generate dose
response information.

• 

2.1 Uses of Acute Toxicity Testing Data by
Regulatory Authorities

Internationally, the most common use of acute
systemic toxicity data is to provide a basis for
hazard classification and the labeling of chemicals
for their manufacture, transport, and use (Table 1,
OECD, 1998a).  Other, potential uses for acute
toxicity testing data include:

• Establish dosing levels for repeated-dose
toxicity studies;

• Generate information on the specific
organs affected;

• Provide information related to the mode
of toxic action;

• Aid in the diagnosis and treatment of
toxic reactions;

• Provide information for comparison of
toxicity and dose response among
substances in a specific chemical or
product class;

• Aid in the standardization of biological
products;

• Aid in judging the consequences of
exposures in the workplace, home, or
from accidental release, and

• Serve as a standard for evaluating
alternatives to animal tests.
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• 

Table 1. OECD Harmonized Integrated Hazard Classification System for Human Health and
Environmental Effects of Chemical Substances—Oral Toxicity (OECD, 1998a)

Class 1 Class 2 Class 3 Class 4 Class 5

Oral (mg/kg) 5 50 300 2000 5000

2.2 Uses of Acute Toxicity Testing Data by
Clinicians

In an effort to obtain information on the uses of
acute toxicity data by clinicians, NICEATM
contacted Ms. Kathy Kirkland, the Director of the
Association of Occupational and Environmental
Clinics.  Ms. Kirkland queried the clinicians
within the Association for such information.  The
following outlines the responses from two
physicians.

In a clinic that deals primarily with cases of heavy
metal and pesticides exposures, LD50 values are
used to assess the dose and likelihood of toxic
effects in a patient.  However, many of the cases
deal with mixed or unknown exposures, and LD50

values are not available for these materials.  In
vitro cytotoxicity data is utilized in a body of
evidence approach to the extent that it is available.

In another clinical practice that treats mainly
chronic toxicity cases (e.g., pneumonoconiosis,
malignancy, solvent neurotoxicity), the clinicians
tend to rely on historical human toxicity data,
such as published reports of previous industrial
toxicity, for which there is much literature.  It was
felt that animal toxicity data alone is not very
useful in the absence of a clinical database, but
that animal studies are helpful in supporting
human epidemiological literature for occupational
cancer.  No specific response was provided on the
use of in vitro cytotoxicity test data.

2.3 Current In Vivo  Methods for Assessing
Acute Toxicity

The first of the methods described in this section
(the conventional LD50 test) is the approach used
historically to provide acute toxicity data (LD50

value, slope of the dose-response curve,
confidence interval), and information regarding
toxic signs.  Compared to other, more recently
developed alternative in vivo methods for
evaluating acute toxicity, the conventional LD50

test requires the use of more animals.  For this
reason, there are considerable international efforts
through the OECD to delete the test guideline for
this method (Test Guideline [TG] 401).  These
efforts have prompted a re-assessment of all of the
OECD in vivo  test guidelines for acute toxicity to
ensure that regulatory needs are met while
minimizing animal usage and maximizing data
quality.  Each of the OECD in vivo test methods is
described in this section.

In these in vivo test methods, rats are the preferred
species, although other rodent species may be
used.  Oral gavage is the primary route for
administration of solid and liquid test substance.
Doses that are known to cause marked pain and
distress due to corrosive or severely irritant
actions are not used.  In the draft alternative in
vivo test method guidelines, animals of a single
sex are considered sufficient.  Females are given
preference because literature surveys of test
results using the OECD TG 401 method have
shown that although there is little difference in
sensitivity between the sexes, in those cases where
significant differences were observed, females
were more frequently the more sensitive sex.

2.3.1 The Conventional LD50 Test (OECD TG
401)

OECD TG 401 (OECD, 1987) outlines the
conventional LD50 test to assess acute oral
toxicity.  The use of five animals (of the same
sex) using at least three dose levels in the
toxic/lethal range is recommended.  The test often
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uses five or more dose levels.  When testing is
completed in one sex, at least one group of five
animals of the other sex is dosed to establish that
animals of this sex do not have markedly different
sensitivity to the test substance.  When testing
substances for which no relevant toxicity
information is available, a range-finding or
sighting study that uses up to five animals must be
conducted.  Thus, a minimum of 20 to 25 animals
would be used in each study.  Generally, the test
substance is administered to all animals within a
study on the same day to eliminate potential
differences in preparing the test substance
solutions on different days.  The goal of the test is
to produce at least two dose groups in which at
least one, but not all, of the animals is killed by
the test substance with 14 days.  If this occurs, the
LD50, its confidence interval, and the slope of the
dose-response curve can be calculated using
probit analysis, and a hazard classification
determined.

When it is suspected that the test substance may
have little or no toxicity, a limit test may be
conducted.  TG 401 specifies testing five animals
of each sex at 2000 mg/kg.  If test substance-
related mortality is produced, a full study may
need to be conducted.  If no mortality occurs, the
substance is classified as having an LD50 of
>2000 mg/kg

2.3.2 Fixed Dose Procedure (FDP) (Draft
OECD TG 420)

The draft OECD TG 420 (OECD, 1999a)
describes the FDP for acute toxicity testing.  The
method is designed so that only moderately toxic
doses are administered (i.e., doses that are
expected to be lethal are avoided).  The method
allows test substances to be ranked and classified
according to a globally harmonized system for the
classification of chemicals that cause acute
toxicity (Table 1) (OECD, 1998a).

Specifically, groups of animals of a single sex are
dosed in a step-wise procedure using fixed doses
of 5, 50, 300, and 2000 mg/kg (exceptionally, an
additional fixed dose of 5000 mg/kg may be
considered, if required for a specific regulatory
purpose).  The initial dose for the main study is
selected on the basis of a sighting study as the

dose expected to produce some signs of toxicity
without causing severe toxic effects or mortality.
The initial fixed dose selected for the sighting
study is one expected to produce evident toxicity
based, when possible on evidence from
structurally related chemicals.  In the absence of
such information, the sighting fixed dose is 300
mg/kg; the test substance is administered to a
single animal per dose group in a sequential
manner, with at least 24 hours allowed between
the dosing of each animal.  Subsequent animals
are dosed at higher or lower fixed doses
depending on the absence or presence of toxic
signs or mortality, respectively.  The procedure
continues until the dose causing evident toxicity,
or not more than one death, is identified, or when
no effects are observed at the limit dose, or when
deaths occur at the lowest dose.

In the main test, five animals per dose level are
usually used.  The animals tested during the
sighting study are included in that total.  Thus, if
an animal had been tested at a specific dose level
in the sighting study, only four more animals
would be tested at that same dose level, if it were
selected as an appropriate dose to test further.

In vivo and modeling studies have shown the FDP
to be reproducible (OECD, 1999a).  The method
is considered advantageous because it:

• Uses fewer animals than OECD TG 401,
• Causes less suffering than tests that

primarily use lethality and morbidity as
the endpoint, and

• Is able to rank test substances in a similar
manner to other in vivo alternative acute
toxicity test methods (e.g., the Acute
Toxic Class Method [ATC]).

The FDP is not intended to allow for the
calculation of the LD50 value or of a dose-response
slope.

2.3.3 Acute Toxic Class Method (ATC) (Draft
OECD TG 423)

The ATC is a step-wise procedure that uses three
animals of a single sex per step (OECD, 1999b).
Testing is conducted at defined doses of 5, 50,
300, and 2000 mg/kg (exceptionally, an additional
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fixed dose of 5000 mg/kg may be considered, if
required for a specific regulatory purpose) that
allow a test substance to be ranked and classified
according to a globally harmonized system for the
classification of chemicals that cause acute
toxicity (Table 1) (OECD, 1998a).  The dose
level to be used as the starting dose is selected
from one of the four fixed dose levels based on an
expectation that mortality would be induced in at
least some of the dosed animals.  When available
information suggests that mortality is unlikely at
the limit dose, then a limit test should be
conducted.  A limit test involves testing three
animals of the same sex at the limit dose.  When
there is no information on a substance to be tested,
it is recommended for animal welfare concerns
that the starting dose be 300 mg/kg.  Depending
on the mortality and/or moribund status of the
animals, an average of two to four steps may be
necessary to allow judgement of the acute toxicity
potential of the test substance.  The time interval
between treatment groups is determined by the
onset, duration, and severity of toxic signs.
Treatment of animals at the next higher dose
should be delayed until one is confident of
survival of the previously dosed animals.  The
number of animals used per test is generally in the
range of six to 12.  The method is based on
biometric evaluations, and has been validated
internationally (OECD, 1999b).

The ATC is not intended to allow for the
calculation of the LD50, but does allow for the
determination of defined exposure ranges where
lethality is expected, since death of a proportion
of animals is a major endpoint of the test.  An
LD50 can be calculated only when at least two
doses result in mortality in some, but not all,
animals.  The main advantage of this method is
that it requires fewer animals than OECD TG 401.
In theory, the method also should increase
laboratory-to-laboratory reproducibility because
the provisions for dose selection and interpretation
are specifically set.

2.3.4 Up-and-Down Procedure (UDP) (U.S.
EPA Draft OECD TG 425)

The U.S. EPA draft of OECD TG 425 (OECD,
1998b) specifies the approach for conducting the
UDP.  In this procedure, animals are dosed

sequentially at 48-hour intervals.  The first animal
receives a dose at the best estimate of the LD50;
when no information is available, an initial dose
of 175 mg/kg is recommended.  Depending on the
outcome for the previous animal, the dose for the
next animal is adjusted upwards or downwards by
a dose-spacing factor of 3.2 (half-log).  If an
animal survives, the dose for the next animal is
higher; if the animal dies or is moribund, the dose
for the next animal is lowered.  Dosing continues
depending on the fixed-time interval outcomes of
all the animals up to that time.  The testing stops
when (1) three consecutive animals survive at the
limit dose (or three consecutive animals die at a
predetermined lower limit dose, or (2) five
reversals occur in 6 animals started, or (3) at least
4 animals have followed the first reversal and the
criteria of the stopping rules based on likelihood-
ratios are met (OECD, 1998b).  A reversal is a
situation where nonresponse is observed at some
dose, and a response is observed at the next dose
tested.  Calculations are made with each dose,
following the fourth animal after the first reversal.
For a wide variety of combinations of LD50 and
slopes as low as 2.5, the stopping rule (i.e., the
criteria for terminating the study) will be satisfied
with four to six animals after the first reversal.
However, for chemicals with a shallow dose-
response slope, more animals (but not more than
15) may be needed.  When the stopping criteria
have been attained after the initial reversal, the
estimated LD50 should be calculated from the
animal outcomes at test termination using the
statistical method described in the Guideline
(OECD, 1998b).  The LD50 is calculated using the
method of maximum likelihood.

When weak toxicity is suspected, a limit test may
be used.  A single animal is tested at the limit dose
of 2000 or 5000 mg/kg.  Which limit dose is used
depends on the regulatory requirement being
fulfilled.  If the animal survives, then two
additional animals receive the same dose.  If one
or more of these two animals die, a fourth and
perhaps a fifth animal is placed on test at the same
dose.  At 5000 mg/kg, the test is terminated
whenever a total of three animals have survived or
have died.  At 200 mg/kg, all 5 animals must be
tested.  If three animals survive, the LD50 is
above the limit dose; if three animals die, the
LD50 is below the limit dose.  In situations where
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the first animal dies, the UDP main test is
conducted.  Also, if three animals have died and
an LD50 value is required, the UDP main test is
conducted.

The Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM)
and the National Toxicology Program (NTP)
Interagency Center on the Validation of
Alternative Toxicological Methods (NICEATM)
recently coordinated a peer review of U.S. EPA
draft TG 425; the peer review report for that
meeting will be available soon.

3.0 In Vitro Test Methods for Predicting In
Vivo Toxicity—General Strategies

Cytotoxicity is defined as the adverse effects
resulting from interference with structures and/or
processes essential for cell survival, proliferation,
and/or function.  These effects may involve the
integrity of membranes and the cytoskeleton,
cellular metabolism, the synthesis and degradation
or release of cellular constituents or products, ion
regulation, and cell division.  Generally, three
principal mechanisms for toxicity have been
identified.  These include general (also known as
basal) toxicity, selective toxicity, and cell-specific
function toxicity.  General cytotoxicity involves
one or more structures or processes that would be
expected to be intrinsic to all cell types (e.g.,
mitochondrial function, membrane integrity).
Selective cytotoxicity occurs when some types of
differentiated cells are more sensitive to the
effects of a particular toxicant than others,
potentially as a result of, for example, binding to
specific receptors, or uptake by a cell-type
specific mechanism.  Cell-specific function
cytotoxicity occurs when the toxicant affects
structures or processes that may not be critical for
the affected cells themselves, but which are
critical for the organism as a whole.  For example,
such toxicity can involve effects on cell-to-cell
communication, via the synthesis, release, binding
and degradation of cytokines, hormones and
transmitters.

Numerous assays have been developed for
assessing cytotoxicity in vitro (see Table 2).
However, until recently, there has been little
emphasis on to how to apply the resulting data to

predicting in vivo toxicity and to the regulatory
decision-making process.  Several large scale,
international multi-laboratory studies have
attempted to address the issue of using in vitro
toxicity information to predict in vivo test
substance-induced toxic effects (Fentem et al.,
1993; Garle et al., 1994); some of these studies
will be discussed in subsequent sections.  The
goals of these studies have ranged from a
complete replacement of in vivo acute toxicity
tests by in vitro tests (e.g., see Section 4.1) to
reducing animal usage by using in vitro
cytotoxicity data to identify the optimal starting
dose for an in vivo acute toxicity test (e.g., see
Section 4.3), or to determine whether a limit test
should be conducted first.

Several work groups have proposed the potential
use of in vitro cytotoxicity test methods in a tiered
testing scheme.  For the sake of brevity, only two
examples are provided here although other,
generally similar approaches have been presented
in different forums (e.g., see Section 6.1).

In 1996, Seibert et al. reported on an international
evaluation of selected in vitro toxicity test systems
for predicting acute systemic toxicity (see also
Fentem et al., 1993).  The goal of the evaluation
was to identify strategies for using data obtained
from in vitro tests as a basis for classifying and
labelling new chemicals, thereby reducing (and
possibly replacing) the need for acute toxicity
tests in animals.  A diverse group of 42 chemicals
were evaluated; the chemicals had been tested in a
range of in vitro systems (bovine spermatozoa,
BALB/c 3T3 cells, rat hepatocytes, rat skeletal
muscle cells, hepatocyte/3T3 co-cultures, V79
cells, 3T3-L1 cells, and V79/hepatocyte co-
cultures), employing various exposure periods and
endpoint measurements.  In vitro effective
concentration values were compared with in vivo
rodent LD50 values.  Based on the
recommendations of the participants, the
following tiered testing scheme for assessing
acute toxicity was proposed.

In Stage 1, basal cytotoxicity is determined using
cell proliferation inhibition as the endpoint.  In
Stage 2, a test is conducted to determine
hepatocyte-specific cytotoxicity and to define the
role of metabolism in the cytotoxic effects of the
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test chemical.  Finally, in Stage 3, additional
testing is conducted that would provide
information on selective cytotoxicity (other than
hepatocyte-specific cytotoxicity) as well as an
indication of any interference with important
specific, but non-vital, cell functions.  Many test
systems may be appropriate for this level of
testing, including the use of cells from the nervous
system, heart, or kidney.

More recently, and based also on discussion at a
meeting that focused on validation and acute
toxicity testing, Curren et al. (1998) also
suggested the use of in vitro cytotoxicity and other
information tests in a tiered testing approach.
Step one would be the collection and integration
of information on the physical/chemical properties
of a compound, including literature reviews and
analysis of the structure-activity relationships
(when possible).  Step two would be the
determination of general cytotoxicity using an in
vitro model system.  This Step would include
gathering information (via in vitro models) on
gastrointestinal uptake, the penetration of the
blood-brain barrier, and biotransformation.  In
Step three, general cytotoxicity information could
be reinforced and supplemented with computer-
based modeling of biokinetic data.

Curren et al. (1998) concluded that these steps
might provide sufficient information to estimate
the hazard classification for some compounds.  In
cases where additional information is needed,
tests using a limited number of animals might be
conducted to supplement the data obtained from
literature review, in vitro testing, and computer
modeling.  Curren et al. (1998) recognized also
that the use of this tiered testing strategy is
currently limited because there is insufficient
information on structure-activity relationships
with respect to acute systemic toxicity, most likely
because of the large number of mechanisms
involved in the expression of this type of toxicity.
Thus, substantial additional investigation into the
cause of chemically induced lethality is needed.
Curren concluded that the in vitro models used to
determine gastrointestinal uptake, blood-brain

barrier passage, and biotransformation have not
been formally validated.

A variety of in vitro tests have been developed to
evaluate the types of cytotoxicity (general or
basal, selective, cell-specific function) that have
the potential to result in acute systemic toxicity,
with the greater effort focused on general toxicity.
Any strategy used to extrapolate in vitro toxicity
test results to an in vivo toxicity response must
consider all of these possibilities, as well as
toxicokinetics.  To provide some indication of the
range of biological endpoints used to assess
cytotoxicity in vitro, Table 2 summarizes the in
vitro toxicity endpoints/test systems used in three
large studies.  Information on the reliability (intra-
laboratory repeatability and inter-laboratory
reproducibility) of any in vitro toxicity test
method was not located.  The studies considered
for this document evaluated the correlation
between in vitro test method results and animal
LD50 or human lethal blood concentrations; test
method reliability was not addressed.

3.1 Quantitative Structure Activity
Relationship (QSAR) Methods

The potential uses of QSAR as part of an in vitro
strategy will need to be evaluated during the
Workshop.  QSAR methods are models that relate
the biological activities of a series of similar
compounds to one or more physicochemical or
structural properties of the compounds (Barratt et
al., 1995).  ‘Similar’ includes compounds that
exhibit the same mechanism of action in addition
to those that have related chemical structures.
However, it is often difficult to determine
mechanism of action, whereas it is less difficult to
establish chemical similarity.  Therefore, QSAR
models are usually developed for sets of
chemically similar compounds on the assumption
that they will have the same mechanism of action.
Any compounds that do not act by the same
mechanism are likely to poorly fit the correlation,
and would thus not be accurately modeled or
predicted.
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Table 2.  Various In Vitro Cytotoxicity Endpoints Evaluated in MEIC and Spielmann et al. (1999)

Endpoint Measured as Cell Line(s) Study

ATP content or
leakage

ELD cells (mouse); erythrocytes (mouse); LS-
L929 cells (mouse); hepatocytes (rat);
spermatozoa (bovine); HL-60 cells (human)

MEIC

Cell morphology

C9 cells (rat); hepatocytes (rat); L2 cells (rat);
MDBK cells (bovine); Chang liver cells
(human); HeLa cells (human); McCoy cells
(human); WI-1003/Hep-G2 cells (human)

MEIC

Chromium release LS-L929 cells (mouse) MEIC

Creatine kinase
activity

Muscle cells (rat) MEIC

Hemolysis Erythrocytes (human) MEIC

Killing index (sic) SQ-5 cells (human) MEIC

LDH release
3T3 Cells (mouse); hepatocytes (rat, human);
Hep-2 cells (human); Hep-G2 cells (human);
lymphocytes (human); SQ-5 cells (human)

MEIC

Neutral Red Uptake

3T3 cells (mouse); L929 cells (mouse); NB41-
A3 cells (mouse); BHK cells (hamster);
hepatocytes (rat, human); HeLa cells (human);
Hep-2 cells (human);  keratinocytes (human)

MEIC;
Spielmann
et al. (1999)

Plating efficiency HeLa cells (human) MEIC
86Rb leakage Not designated MEIC

Cell viability

Viable cell count
LS-L929 cells (mouse); polymorphonuclear
leukocytes (human)

MEIC

Cell cycle
distribution

Daudi cells (human), RERF-LC-AI cells
(human)

MEIC

Glucose
consumption

Muscle cells (rat) MEIC

Macromolecule
content

HTC cells (rat); Hep-G2 cells (human) MEIC

MTT metabolism

3T3 cells (mouse); L929 cells (mouse); NG108-
15 cells (mouse, rat); V79 cells (hamster);
hepatocytes (rat, human); Detroit 155, DET
dermal fibroblasts (human); FaO cells (human);
Hep-G2 cells (human); HFL1 cells (human); 3D
Skin2, Dermal Model ZK1100 keratinocytes
(human); lymphocytes (human); RERF-LC-AI
cells (human); WS1 cells (human)

MEIC

Cell growth

pH change
L2 cells (rat); Chang liver cells (human); HeLa
cells (human); WI-1003/Hep-G2 cells (human)

MEIC
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Endpoint Measured as Cell Line(s) Study

Protein content

3T3 or 3T3-L1 cells (mouse); Hepa-1c1c7
(mouse); L929 cells (mouse); V79 cells
(hamster); hepatocytes (rat); PC12h cells (rat);
LLC-PK1 cells (pig); HeLa cells (human); Hep-2
cells (human); Hep-G2 cells (human); MRC-5
cells (human); NB-1 cells (human); Chinese
hamster V79 cells

MEIC;
Spielmann
et al. (1999);
Fry et al.,
1990

Tritiated-proline
uptake

L2 cells (rat) MEIC

Tritiated-thymidine
incorporation

Peripheral lymphocytes (human)
MEIC,
Spielmann
et al. (1999)

Cell resting
membrane potential

NG108-15 (mouse, rat) MEIC

Chemotaxis/locomot
ion stimulated by
chemotactic peptide

Polymorphonuclear leukocytes (human) MEIC

EOD activity Hepatocytes (rat) MEIC

Inhibition of NK
cell-mediated
cytotoxicity activity

Natural killer cells, including over 90% CD16+
or CD56+ cells (human)

MEIC

Intracellular
glycogen content

Hepatocytes (rat) MEIC

Motility or velocity Spermatozoa (bovine) MEIC

Specialized
function
effects

Spontaneous
contractility

Muscle cells (rat) MEIC

Abbreviations: ATP = Adenosine triphosphate; CR = calorimetric respirometric ratio; EOD = 7-
ethoxycoumarin O-deethylase; LDH = Lactate dehydrogenase; MTT = 3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyl-2H tetrazolium bromide; MEIC = Multicenter Evaluation of In Vitro Cytotoxicity (see summary
in Appendix 6 [Appendix E of the In Vitro Workshop Report]).

In a review of QSAR studies, Phillips et al. (1990)
concluded that QSAR methods have shown some
success in relating LD50 values to certain
physicochemical properties of a compound
(especially lipophilicity).  However, QSAR
appears to be less successful in correlating
electronic properties of molecules (related to
reactivity) or structural variables with LD50

values.

Of the numerous QSAR studies intended to
rationalize and predict the in vivo mammalian
toxicity of chemicals based on properties related

to structure, one popular approach is the linear
free-energy, extra-thermodynamic method
developed by Hansch and colleagues (Phillips et
al., 1990).  The basic assumption of this approach
is that the effect of the substituents on the
magnitude of a compound’s interaction with
biological receptors or other molecules is an
additive combination of the substituents’
interactions in simpler systems.

A second common approach was developed by
Free and Wilson in 1964 (Phillips et al., 1990).  It
is based on the assumption that, for congeneric
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series of compounds with multiple sites of
substitutions, the observed activity can be
expressed in terms of the mutually independent
contributions from the various substituents of the
molecule.

Requirements/caveats for the successful
development and use of QSAR methods include
the following:

• There should be a well-defined
mechanism of action for the compound(s)
used to derive the QSAR model (Phillips
et al., 1990; Barratt et al., 1995);

• The compounds should form part of a
congeneric group (Phillips et al., 1990)
and should be pure (i.e., not mixtures)
(Barratt et al., 1995);

• There should be a common site of action
for the biological effect (Phillips et al.,
1990);

• As for any comparative purpose,
concentrations or doses should be
presented in molar (not weight) units
(Barratt et al., 1995);

• Each QSAR model should be validated by
investigating its predictive ability using a
different set of compounds from its
learning set, which should cover the same
ranges of parameter space as the original
test chemicals (Barratt et al., 1995); and

• The QSAR should not be applied outside
of its domain of validity (i.e., outside the
parameter space covered by the training
set) (Barratt et al., 1995).

3.1.1 Publications Containing Further
Information

Free, S.M., And J.W. Wilson.  1964.  A
Mathematical Contribution To Structure-Activity
Studies.  J. Med. Chem. 7: 395-399.

Hansch, C., and T. Fujita.  1964.  ρ, σ, π Analysis.
A method for the correlation of biological activity
and chemical structure.  J. Am. Chem. Soc. 86:
1616-1626.

4.0 In Vitro Screening Methods for
Assessing Acute Toxicity (Breakout
Group 1)

This Breakout Group will evaluate the validation
status of available in vitro methods for estimating
in vivo acute toxicity.  The Group will identify the
most promising methods and recommend
appropriate validation studies that might be
completed within the next one to two years.  The
potential uses of QSAR as part of an in vitro
strategy will also be evaluated (see Section 3.1).
Most of the in vitro test method development for
assessing cytotoxicity has focused on general (or
basal) cytotoxicity.  General cytotoxicity is
independent of cell type and involves one or more
adverse effects that interfere with structures
and/or processes essential for cell survival,
proliferation, and/or function.  These effects may
include adverse effects on the integrity of
membranes (including the cytoskeleton), general
metabolism, ion regulation, and cell division.
Studies conducted to evaluate the suitability of in
vitro general cytotoxicity methods for predicting
in vivo toxicity are described briefly; more
detailed information can be obtained as indicated.

4.1 The Multicenter Evaluation of In Vitro
Cytotoxicity (MEIC)

Additional details of the MEIC study are reported
in the MEIC Summary prepared by NICEATM
(Appendix A [Appendix E of the In Vitro
Workshop Report]) and in the list of MEIC-
related publications provided in Section 4.1.4.

4.1.1 General Study Description

The MEIC program was organized by the
Scandinavian Society for Cell Toxicology in
1989.  The intent of the program was to
investigate the relevance of in vitro test results for
predicting the acute toxic action of chemicals in
humans.  Given that such relevance was
identified, the next goal was to establish batteries
of existing in vitro toxicity tests that have the
potential to serve as replacements for acute
toxicity tests using laboratory mammals.

MEIC was a voluntary effort involving 96
international laboratories that evaluated the
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effectiveness of in vitro cytotoxicity tests
originally developed as alternatives to (or
supplements for) laboratory mammal tests for
acute and/or chronic systemic toxicity, organ
toxicity, skin irritancy, or other forms of general
toxicity.  Minimal methodological directives were
provided in order to maximize protocol diversity
among the laboratories.  The collection of test
method data was completed in 1996; to date, 24
publications originating from these studies have
been published.

By the end of the project, 39 laboratories had
tested the first 30 reference chemicals in 82 in
vitro assays, while the last 20 chemicals were
tested in 67 in vitro assays.  The primary 82
assays included 20 human cell line assays; seven
human primary culture assays utilizing
hepatocytes, keratinocytes, and
polymorphonuclear leukocytes; 19 animal cell
line assays, 18 animal primary culture assays, and
18 ecotoxicological tests utilizing bacteria, rotifer,
crustacea, plant, and fish cells.  Thirty-eight of
these assays were based on viability, 29 on
growth, and the remaining assays involved more
specific endpoints, such as locomotion,
contractility, motility, velocity, bioluminescence,
and immobilization.  The endpoints assessed were
based on exposure durations ranging from five
minutes to six weeks.  The analyses conducted by
the MEIC management team were based on in
vitro toxicity data presented as IC50 values (i.e.,
the dose estimated to affect the endpoint in
question by 50%).  The types of comparative data
used to evaluate the predictive accuracy of the in
vitro IC50 toxicity data for in vivo acute toxicity
included oral rat and mouse LD50 values, acute
oral lethal doses in humans, clinically measured
acute lethal serum concentrations in humans,
acute lethal blood concentrations in humans
measured post-mortem, human pharmacokinetics
following single doses, peaks from curves of an
~50% lethal blood/serum concentration over time
after ingestion.

4.1.2 List of Chemicals Tested and Selection
Rationale

The chemical set (50 chemicals) used in the MEIC
studies is provided in the MEIC Summary
(Appendix A [Appendix E of the In Vitro

Workshop Report])).  These chemicals were
selected because of the availability of human data
on acute toxicity (e.g., lethal blood
concentrations).

4.1.3 Summary Conclusions

Based on the results obtained, a battery of four
endpoints/two exposure times (protein content/24
hours; ATP content/24 hours; inhibition of
elongation of cells/24 hours; pH change/7 days) in
three human cell line tests was found to be highly
predictive of the peak human lethal blood
concentrations (LC50) of chemicals when
incorporated into an algorithm developed by the
MEIC management team.  The MEIC
management team concluded that the battery
could be used directly as a surrogate for a LD50
test.  However, since the battery predicts lethal
blood concentrations, not lethal oral dosages, it is
not a direct counterpart of the animal LD50 test.
Thus, the battery must be supplemented with data
on gut absorption as well as the distribution
volumes of chemicals.  Furthermore, in this study,
there was no assessment of test method reliability,
either within or between laboratories.

4.1.4 Publications Containing Additional
Study Information

Balls, M., B.J. Blaauboer, J.H. Fentem, L. Bruner,
R.D. Combes, B. Ekwall, R.J. Fielder, A.
Guillouzo, R.W. Lewis, D.P. Lovell, C.A.
Reinhardt, G. Repetto, D. Sladowski, H.
Spielmann, and F. Zucco.  1995.  Practical
Aspects of the Validation of Toxicity Test
Procedures –The Report and Recommendations of
ECVAM Workshop 5.  ATLA 23: 129-147.

Bernson, V., I. Bondesson, B. Ekwall, K.
Stenberg, and E. Walum.  1987.  A Multicentre
Evaluation Study of In Vitro Cytotoxicity.  ATLA
14: 144-145.

Bondesson, I., B. Ekwall, K. Stenberg, L. Romert,
and E. Walum.  1988.  Instruction for Participants
in the Multicentre Evaluation Study of In Vitro
Cytotoxicity (MEIC).  ATLA 15: 191-193.

Bondesson, I., B. Ekwall, S. Hellberg, L. Romert,
K. Stenberg, and E. Walum.  1989.  MEIC - A
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New International Multicenter Project to Evaluate
the Relevance to Human Toxicity of In Vitro
Cytotoxicity Tests.  Cell Biol. Toxicol. 5: 331-
347.

Clemedson, C., and B. Ekwall.  1999.  Overview
of the Final MEIC Results: I. The In Vitro-In Vivo
Evaluation.  Toxicol. In Vitro 13: 1-7.

Clemedson, C, E. McFarlane-Abdulla, M.
Andersson, F.A. Barile, M.C. Calleja, C. Chesné,
R. Clothier, M. Cottin, R. Curren, E. Daniel-
Szolgay, P. Dierickx, M. Ferro, G. Fiskesjö, L.
Garza-Ocanas, M.J. Gómez-Lechón, M. Gülden,
B. Isomaa, J. Janus, P. Judge, A. Kahru, R.B.
Kemp, G. Kerszman, U. Kristen, M. Kunimoto, S.
Kärenlampi, K. Lavrijsen, L. Lewan, H. Lilius, T.
Ohno, G. Persoone, R. Roguet, L. Romert, T.
Sawyer, H. Seibert, R. Shrivastava, A. Stammati,
N. Tanaka, O. Torres Alanis, J.-U. Voss, S.
Wakuri, E. Walum, X. Wang, F. Zucco, and B.
Ekwall.  1996.  MEIC Evaluation of Acute
Systemic Toxicity.  Part I.  Methodology of 68 in
vitro toxicity assays used to test the first 30
reference chemicals.  ATLA 24 (Suppl. 1): 249-
272.

Clemedson, C, E. McFarlane-Abdulla, M.
Andersson, F.A. Barile, M.C. Calleja, C. Chesné,
R. Clothier, M. Cottin, R. Curren, P. Dierickx, M.
Ferro, G. Fiskesjö, L. Garza-Ocanas, M.J. Gómez-
Lechón, M. Gülden, B. Isomaa, J. Janus, P. Judge,
A. Kahru, R.B. Kemp, G. Kerszman, U. Kristen,
M. Kunimoto, S. Kärenlampi, K. Lavrijsen, L.
Lewan, H. Lilius, A. Malmsten, T. Ohno, G.
Persoone, R. Pettersson, R. Roguet, L. Romert, M.
Sandberg, T. Sawyer, H. Seibert, R. Shrivastava,
M. Sjöström, A. Stammati, N. Tanaka, O. Torres
Alanis, J.-U. Voss, S. Wakuri, E. Walum, X.
Wang, F. Zucco, and B. Ekwall.  1996.  MEIC
Evaluation of Acute Systemic Toxicity.  Part II.
In vitro results from 68 toxicity assays used to test
the first 30 reference chemicals and a comparative
cytotoxicity analysis.  ATLA 24 (Suppl. 1): 273-
311.

Clemedson, C., F.A. Barile, B. Ekwall, M.J.
Gómez-Lechón, T. Hall, K. Imai, A. Kahru, P.
Logemann, F. Monaco, T. Ohno, H. Segner, M.
Sjöström, M. Valentino, E. Walum, X. Wang, and
B. Ekwall.  1998.  MEIC Evaluation of Acute

Systemic Toxicity.  Part III.  In vitro results from
16 additional methods used to test the first 30
reference chemicals and a comparative
cytotoxicity analysis.  ATLA 26 (Suppl. 1): 91-
129.

Clemedson, C., Y. Aoki, M. Andersson, F.A.
Barile, A.M. Bassi, M.C. Calleja, A. Castano,
R.H. Clothier, P. Dierickx, B. Ekwall, M. Ferro,
G. Fiskesjö, L. Garza-Ocanas, M.J. Gómez-
Lechón, M. Gülden, T. Hall, K. Imai, B. Isomaa,
A. Kahru, G. Kerszman, P. Kjellstrand, U.
Kristen, M. Kunimoto, S. Kärenlampi, L. Lewan,
H. Lilius, A. Loukianov, F. Monaco, T. Ohno, G.
Persoone, L. Romert, T.W. Sawyer, R.
Shrivastava, H. Segner, H. Seibert, M. Sjöström,
A. Stammati, N. Tanaka, A. Thuvander, O.
Torres-Alanis, M. Valentino, S. Wakuri, E.
Walum, A. Wieslander, X. Wang, F. Zucco, and
B. Ekwall.  1998.  MEIC Evaluation of Acute
Systemic Toxicity.  Part IV.  In vitro results from
67 toxicity assays used to test reference chemicals
31-50 and a comparative cytotoxicity analysis.
ATLA 26 (Suppl. 1): 131-183.

Clemedson, C., F.A. Barile, C. Chesné, M. Cottin,
R. Curren, Ba. Ekwall, M. Ferro, M.J. Gomez-
Lechon, K. Imai, J. Janus, R.B. Kemp, G.
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Logemann, E. McFarlane-Abdulla, R. Roguet, H.
Segner, H. Seibert, A. Thuvander, E. Walum, and
Bj. Ekwall.  2000.  MEIC Evaluation of Acute
Systemic Toxicity.  Part VII.  Prediction of human
toxicity by results from testing of the first 30
reference chemicals with 27 further in vitro
assays.  ATLA 28 (Suppl. 1): 161-200.

Ekwall, B.  1989.  Expected Effects of the MEIC-
Study.  In: Report from the MEIC In Vitro
Toxicology Meeting, Stockholm 9/3/1989.
(Jansson, T., and L. Romert, eds).  Swedish
National Board for Technical Development, pp. 6-
8.

Ekwall, B.  1995.  The Basal Cytotoxicity
Concept.  In Proceedings of the World Congress
on Alternatives and Animal Use in the Life
Sciences: Education, Research, Testing.
Alternative Methods in Toxicology and the Life
Sciences 11: 721-725.  Mary Ann Liebert, New
York, 1995.
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Ekwall, B.  1999.  Overview of the Final MEIC
Results: II. The in vitro/in vivo evaluation,
including the selection of a practical battery of
cell tests for prediction of acute lethal blood
concentrations in humans.  Toxicol. In Vitro 13(4-
5): 665-673.
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Lechón, M. Gülden, K. Imai, J. Janus, U. Kristen,
M. Kunimoto, S. Kärenlampi, K. Lavrijsen, L.
Lewan, A. Malmsten, T. Miura, M. Nakamura, T.
Ohno, H. Ono, G. Persoone, R. Rouget, L.
Romert, M. Sandberg, T. Sawyer, H. Seibert, R.
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Alternatives to Animal Experiments, 6th annual
meeting in Tokyo, Dec 17-18, 1992.  (S. Sato, ed).
pp. 114-115.
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Bondesson.  1998.  MEIC Evaluation of Acute
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Potency and In Vitro Cytotoxicity of 48
Chemicals.  Cell Biol. Toxicol. 8(2): 157-170.

Walum, E.  1998.  Acute Oral Toxicity.  Environ.
Hlth Perspect. 106 (Suppl. 2): 497-504.

Walum, E., M. Nilsson, C. Clemedson, and B.
Ekwall.  1995.  The MEIC Program and its
Implications for the Prediction of Acute Human
Systemic Toxicity.  In: Proceedings of the World
Congress on Alternatives and Animal Use in the
Life Sciences: Education, Research, Testing.
Alternative Methods in Toxicology and the Life
Sciences 11: 275-282.  Mary Ann Liebert, New
York.

4.2 Correlation of acute lethal potency with
in vitro cytotoxicity.  (Fry et al., 1990)

Fry et al. (1990) evaluated the in vitro cytotoxicity
of 27 compounds believed to act by interference
with cell basal functions/structures.  The cytotoxic
endpoint assessed was growth inhibition in
Chinese hamster V79 cells.  ID50 values were
calculated and compared to either oral or
intraperitoneal (i.p.) LD50 values from mice or
rats.  Although significant positive correlations
were found when either log i.p. or log oral LD50
values were compared to log ID50 values, the
correlation was ‘better’ when log i.p. LD50 values
were used.  A further improvement was obtained
when data from three compounds (>10%) were
excluded for which metabolism is a major
determinant of toxicity in vivo.  Close correlations
of log i.p. LD50/log ID50 values were obtained
with groups of six anti-metabolites and six
alkylating agents, although the locations of the
regression lines for these two groups were
significantly different.  Based on these results, the
authors concluded that the in vitro cytotoxicity of
compounds that exert their toxicity by interference
with cell basal functions/structures is correlated
with their intrinsic lethal potency.  However,
information on absorption, metabolism, and
disposition is required before in vitro cytotoxicity
data can be used to assess in vivo potency.  The
data also indicated that the precise relation of
LD50 to ID50 values was determined by the mode
of toxicity.  In this study, there was no assessment
of test method reliability, either within or between
laboratories.

4.3 Determination of the starting dose for
acute oral toxicity (LD50) testing in the
up and down procedure (UDP) from
cytotoxicity data. (Spielmann et al.,
1999)

Additional details of this study are reported in
Spielmann et al. (1999), while related information
are provided in Appendix B [Section 7.0 of the
In Vitro Workshop Report].

4.3.1 General Study Description

The Spielmann et al. (1999) study was conducted
to investigate the feasibility of using the standard
regression between mean IC50 (IC50 x ) and acute
oral LD50 values reported for rats and mice in the
Register of Cytotoxicity (Halle and Goeres, 1988)
to determine the starting dose for in vivo acute
toxicity testing.  The linear regression line
determined using 347 chemicals was used to
predict the LD50 values for nine chemicals that
had been investigated in an evaluation study of the
UDP (Lipnick et al., 1995).

4.3.2 List of Chemicals Tested and Selection
Rationale

Since the focus of the study was to determine if
the linear regression extrapolation method could
be used to adequately predict starting doses for the
UDP, chemicals evaluated in a study considered
to be the official evaluation for OECD acceptance
of the UDP (Lipnick et al., 1995) were used.
Lipnick et al. (1995) investigated 35 materials.
Nine of those were excluded from the Spielmann
et al. (1999) study because they were mixtures or
formulations (e.g., laundry detergent).  Of the
remaining 26 chemicals, nine (acetonitrile, p-
aminophenol, caffeine, coumarin,
dimethylformamide, mercury (II) chloride,
nicotine, phenylthiourea, and resorcinol) were
also reported in the Register of Cytotoxicity, and
thus were selected for evaluation.

4.3.3 Summary Conclusions

The predicted LD50 values for seven of the nine
chemicals were the same as those calculated from
in vivo  testing.  For the two remaining chemicals,
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the dose-range differed from in vivo test results by
one order of magnitude.  The authors concluded
that this method of predicting starting doses
seemed promising, given the results from the
limited data set, and that the use of this technique,
coupled with the use of the UDP in place of the
conventional LD50 test, would reduce animal use.
However, the use of the IC50/LD50 linear
regression to estimate in vivo acute toxicity from
cytotoxicity data assumes that a linear relationship
exists between the IC50 and the LD50 values.  This
linear relationship could only be expected if all of
the reference chemicals were found to be
mechanistically similar and if all of the reference
chemicals demonstrated similar toxicokinetics.

4.3.4 Publications Containing Additional
Study Information

Seibert, H., M. Gülden, And J.-U. Voss.  1994b.
An In Vitro Toxicity Testing Strategy For The
Classification And Labelling Of Chemicals
According To Their Potential Acute Lethal
Potency.  Toxicol. In Vitro 8: 847-850.

5.0 In Vitro Methods for Assessing Acute
Toxicity –Toxicokinetic Determinations
(Breakout Group 2)

This Breakout Group will evaluate the capabilities
of in vitro methods for providing toxicokinetic
information (absorption, distribution, metabolism,
and elimination) that can be used to estimate
target organs and dosimetry for acute toxicity
testing and to provide recommendations for future
research needs to accomplish this goal.  The role
of QSAR in toxicokinetic determinations will also
be explored.

The toxicity of a substance in vivo is strongly
influenced by the time-dependent processes of
intake, uptake (absorption), distribution,
biotransformation (metabolism), and elimination
(excretion).  As a consequence, such information
is essential for the accurate prediction of in vivo
toxicity from in vitro cytotoxicity test results.
This need has been recognized by a number of
investigators (see also Sections 3 and 6.1).

One method for estimating toxicokinetic
parameters is through physiologically based

biokinetic (PBBK) [or physiologically based
pharmacokinetic modeling (PBPK)] or modeling.
However, the method is complex and requires a
great deal of knowledge about in vivo target
organs and about various in vivo toxicokinetic
parameters for the chemical under investigation.
Whether PBBK modeling can be considered to be
a suitable method for assessing a large number of
chemicals remains to be determined.

Another approach would be to use a few, carefully
selected in vivo toxicokinetic parameters, such as
the fraction absorbed from the intestine and the
apparent volume of distribution in combination
with other information (e.g., lipid solubility, pKa)
to estimate body doses from in vitro
concentrations and to estimate organ
concentrations from body doses.  If such in vivo
data is not available, the fraction absorbed from
the intestine could be estimated from knowledge
about the general relationships between
physicochemical properties of chemicals and their
absorption in the gastrointestinal tract, or from in
vitro experimental data.  One in vitro approach is
the use of two-compartment systems comprising
epithelia-like monolayers of human colon
carcinoma cells (e.g., Caco-2 or HT-29 cells).

Additionally, in vitro data on specific chemicals
and parameters defining the
composition/compartmentalization of the in vivo
model can be used as the basis for converting in
vitro effective concentrations into equivalent body
doses.  This requires the following
information/tools at a minimum:

• Various physicochemical characteristics
of the chemical (e.g., pKa, lipophilicity,
or volatility);

• Quantitative estimates of protein binding;
• Basis characteristics of the in vitro system

(e.g., cell concentration, cell protein
concentration, ratio of cell-medium
volumes, and medium albumin
concentration); and

• A mathematical model that permits the
calculation of equivalent body doses, such
as one described by Gülden et al. (1994),
who derived a formula that allows for the
conversion of calculated EC50 values to
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ED50 values, which can then be compared
to known LD50 values.

5.1 Tests for Metabolic Effects

Because the liver is the primary organ involved in
xenobiotic metabolism, liver-derived in vitro
systems have been used to estimate metabolic
activation and the production of toxic metabolites.
Test systems commonly used include whole liver
homogenates, subcellular fractions (e.g.,
microsomes), liver slices, freshly isolated
hepatocytes in suspension, primary monolayer
hepatocyte cultures, metabolically competent
hepatocyte or hepatoma cell lines, and cell lines
transfected with human or rodent cytochromes.
Studies of metabolism require the use of
preparations that maintain appropriate and
sufficient metabolic competence.  Noted
limitations of these in vitro tests include a lack of
Phase II enzymes that are not membrane bound in
some tests using liver homogenates and
subcellular fractions, and variable stability in the
expression of both Phase I and II enzyme
activities in tests using freshly isolated
hepatocytes or primary hepatocyte cultures.  Co-
culturing metabolically active hepatocytes with
targets cells is one promising approach for
assessing the role of metabolism in in vivo
toxicity.  An alternative (but less attractive)
approach would be to expose the hepatocytes to
the test substance, and then culture the target cells
in the resulting conditioned culture medium.  The
advantages of the former method are that it
enables the detection of hepatocyte-specific
cytotoxicity, interference with specific functions
of hepatocytes, and metabolism-mediated effects
on target cells.

5.1.1 Publications Containing Further
Information

Blaauboer, B.J., A.R. Boobis, J.V. Castell, S.
Coecke, G.MM. Groothuis, A. Guillouzo, T.J.
Hall, G.M. Hawksworth, G. Lorenzen, H.G.
Miltenburger, V. Rogiers, P. Skett, P. Villa, and
F.J Wiebel.  1994.  The Practical Applicability of
Hepatocyte Cultures in Routine Testing.  The
Report and Recommendations of ECVAM
Workshop 1.  ATLA 22: 231-241.

Ericsson, A.C., and E. Walum.  1988.  Differential
Effects of Allyl Alcohol on Hepatocytes and
Fibroblasts Demonstrated in Roller Chamber Co-
Cultures.  ATLA 15: 208-213.

Paillard, F., F. Finot, I. Mouche, A. Prenez, and J.
A. Vericat.  1999.  Use of Primary Cultures of Rat
Hepatocytes to Predict Toxicity in the Early
Development of New Chemical Entities.  Toxicol.
In Vitro 13: 693-700.

Voss, J.-U., and H. Seibert.  1992.  Toxicity of
Glycols and Allyl Alcohol Evaluated by Means of
Co-Cultures of Microcarrier-Attached Rat
Hepatocytes and Balb/c 3T3 Mouse Fibroblasts.
ATLA 20: 266-270.

Voss, J.-U., and H. Seibert.  1991.  Microcarrier-
Attached Rat Hepatocytes as a Xenobiotic-
Metabolizing System in Cocultures.  Cell Biol.
Toxicol. 7(4): 387-397.

6.0 In Vitro Methods for Assessing Acute
Toxicity - Specific Organ Toxicity and
Mechanisms (Breakout Group 3)

This Breakout Group will review in vitro methods
that can be used to predict specific organ toxicity
or toxicity associated with alteration of specific
cellular or organ functions, and will develop
recommendations for priority research efforts
necessary to support the development of methods
that can accurately assess target organ toxicity.

While the focus of most in vitro cytotoxicity
research for predicting in vivo acute toxicity has
been on an assessment of general cytotoxicity, the
accurate prediction of in vivo acute toxicity for
many substances absolutely requires critical
information on the potential for organ-specific
toxicity.  Selective toxicity occurs when some
types of differentiated cells are more sensitive to
the effects of a particular toxicant than others,
potentially as a result of, for example,
biotransformation, binding to specific receptors,
or uptake by a cell-type specific mechanism.  A
number of specific cell type assays (e.g., liver,
nervous system, heart, kidney) have been
developed for assessing selective toxicity.  In the
absence of appropriate information on target
organ specificity for structurally-related
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substances, detection of selective cell toxicity
requires the evaluation of toxicity of the same test
substance in multiple cell types.

Not specifically considered, but potentially
relevant to specific organ toxicity is so-called
specific function cytotoxicity.  This type of
toxicity occurs when the toxicant affects
structures or processes that may not be critical for
the affected cells themselves, but which are
critical for the organism as a whole.  For example,
such toxicity can involve effects on cell-to-cell
communication, via the synthesis, release, binding
and degradation of cytokines, hormones and
transmitters.  No specific studies evaluating this
type of toxicity were located.

Studies conducted to evaluate the suitability of in
vitro organ-specific toxicity methods for
predicting in vivo toxicity are described briefly;
more detailed information can be obtained as
indicated.

6.1 Evaluation-Guided Development of In
Vitro Tests (EDIT)

In recognition that additional in vitro tests were
needed to enhance the accuracy of the proposed
MEIC in vitro  battery for predicting human acute
toxicity, a second multicenter program was
initiated by the Cytotoxicology Laboratory,
Uppsala (CTLU).  The CTLU designed a
blueprint for an extended battery and invited
interested laboratories to develop the “missing”
tests of this battery (i.e., extracellular receptor
toxicity, excitatory toxicity, passage across blood-
brain barrier, absorption in the gut, blood protein
binding, distribution volumes, metabolic
activation to more toxic metabolites) within the
framework of the EDIT program.  More
information is available on the Internet
(www.ctlu.se).  The aim of EDIT is to provide a
full replacement of the animal acute toxicity tests.
Among the needed developments are assays for
the accumulation of chemicals in cells, passage
across the intestinal and blood-brain barriers, and
biotransformation to more toxic metabolites.
Purported advantages of the project are as follows.
First, the evaluation-guided test development in
EDIT is rational since tests are designed
according to specific needs and as tests of single

processes that can be integrated into sequential
testing models.  This is the potential strength of
the in vitro toxicity testing strategy.  Second, the
direct testing of chemicals in newly developed in
vitro assays will lead to a rapid evaluation of the
potential value of each assay.  Further information
is provided in the MEIC Summary prepared by
NICEATM (Appendix A [Appendix E of the In
Vitro Workshop Report])).

6.1.1 Publications Containing Further
Information

Ekwall, B., C. Clemedson, Ba. Ekwall, P. Ring,
And L. Romert.  1999.  Edit: A New International
Multicentre Programme To Develop And
Evaluate Batteries Of In Vitro Tests For Acute
And Chronic Systemic Toxicity.  Atla 27: 339-
349.

6.2 European Research Group for
Alternatives in Toxicity Testing
(ERGATT)/ Swedish National Board
for Laboratory Animals (CFN)
Integrated Toxicity Testing Scheme
(ECITTS)

6.2.1 General Study Description

The ECITTS approach was to develop integrated
testing schemes by combining sets of test batteries
for predicting local and systemic toxicity in ways
that would be more efficient than animal-based
methods (Seibert et al., 1996).  Evaluation of
basal cytotoxicity and biokinetic parameters were
considered to be essential to the investigation,
although further testing would be adapted based
on the test chemical; such testing may involve
evaluation of developmental toxicity,
immunotoxicity, nephrotoxicity, or neurotoxicity,
as deemed appropriate.  The basal cytotoxicity
data were specifically used to interpret specific
effects on potential target cells and tissues, while
protein binding and biotransformation data were
used to evaluate biokinetics.

In an initial pilot study reported by Blaauboer et
al. (1994), the neurotoxic properties of five
chemicals (acrylamide, lindane, methyl mercury
(II) chloride, trethyltin chloride, and n-hexane)
were studied in combination with biokinetic
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analysis, in which blood and brain concentrations
were predicted from biokinetic modeling.  A
follow-up study was conducted by Forsby et al.
(1995), in which four of these chemicals
(acrylamide, lindane, methyl mercury (II)
chloride, and trethyltin chloride) were evaluated
for general cytotoxicity and neurite degeneration
in human epithelial and neuronal cells.

6.2.2 Publications Containing Further Study
Information

Forsby, A., F. Pilli, V. Bianchi, And E. Walum.
1995.  Determination Of Critical Cellular
Neurotoxic Concentrations In Human
Neuroblastoma (Sh-Sy5y) Cell Cultures.  Atla 23:
800-811.

Walum, E., M. Balls, B. Bianchi, B. Blaauboer, G.
Bolcsfoldi, A. Guillouzo, G.A. Moor, L. Odland,
C.A. Reinhardt, and H. Spielmann.  1992.
ECITTS: An Integrated Approach for the
Application of In Vitro Test Systems for the
Hazard Assessment of Chemicals.  ATLA 20:
406-428.

6.3 Institute of Toxicology, University of
Kiel

6.3.1 General Study Description

The study used a continuous cell line (Balb/c 3T3
cells) and differentiated mammalian cells
(primary cultures of rat hepatocytes, rat skeletal
muscle cells, and bovine spermatozoa) to assess
acute systemic toxicity (Seibert et al., 1996).  The
importance of comparative cell toxicology and
physicochemical data were emphasized.
Comparative cell toxicology was investigated
using tests with different endpoints, tissues, and
species, while tests for effects such as lipophilicity
were used to assess physicochemical interactions.

Chemicals evaluated in Seibert et al. (1994a)
included 2,4-dinitrophenol, cyclophosphamide,
and lidocaine.  The paper demonstrated a
comparative cell toxicological approach that
enabled the detection of various toxic potencies
and provided a limited interpretation of the
mechanisms behind the toxic actions.  Such
information could serve as the basis for the

assessment of the toxicological characteristics of a
new chemical by providing information on which
to base decisions on appropriate further testing.

Gülden et al. (1994) used the first 30 chemicals
tested in the MEIC battery to evaluate the
relevance of in vitro test systems for acute toxicity
assessment.  In order to make an appropriate
comparison, the calculated EC50 values for
inhibition of spontaneous contractility of primary
cultured rat skeletal muscle cells were converted
to ED50 values (i.e., effective model body doses)
that were then compared directly to the known
LD50 values for these chemicals.  Although the
extrapolation model was based on
oversimplifications, the investigators concluded
that the approach shows promise and that more
complex models should be investigated.

6.3.2 Publications Containing Further Study
Information

Gülden, M., H. Seibert, and J.-U. Voss.  1994.
Inclusion of Physicochemical Data in Quantitative
Comparisons of In Vitro and In Vivo Toxic
Potencies.  ATLA 22: 185-192.

Gülden, M., H. Seibert, and J.-U. Voss.  1994.
The Use of Cultured Skeletal Muscle Cells in
Testing for Acute Systemic Toxicity.  Toxicol. In
Vitro 8: 779-782.

Halle, W., and H. Spielmann.  1992.  Two
Procedures for the Prediction of Acute Toxicity
(LD50) from Cytotoxicity Data.  ATLA 20: 40-
49.

Seibert, H., M. Gülden, And J.-U. Voss.  1994b.
An In Vitro Toxicity Testing Strategy For The
Classification And Labelling Of Chemicals
According To Their Potential Acute Lethal
Potency.  Toxicol. In Vitro 8: 847-850.

7.0 Chemical Data Sets for
Validation of In Vitro
Toxicity Tests
(Workshop Group 4)

This Breakout Group has the responsibility of
defining what chemical data sets are required for
validation studies, identifying existing resources,
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and recommending approaches for using existing
data sets and/or compiling or developing new data
sets. Developing a single listing of chemicals that
will address all test validation needs is not
feasible.  Instead, a library of useful chemicals
should be developed that could be used when
designing test development or validation efforts.
Using this library, chemicals can be selected
according to the purpose of the test and of the
validation study.  Developing appropriate criteria
for chemical selection is a critical aspect of this
process.  Examples of selection criteria to be
considered include:

• Chemicals that cover a wide range of
acute LD50’s, corresponding to the dose
ranges used in the OECD classification
(Table 1).

• Different chemical classes (structure; use;
activity).

• Chemicals that are directly active and
those that require metabolic activation (by
internal organs; gut flora).

• General toxins and specific organ toxins.
• Chemicals active by different

mechanisms.
• Chemicals that are commercially

available in high purity, and relatively
inexpensive.

• Gases; insolubles; immiscible liquids;
unstable substances; dangerous
substances should be avoided.

• Controlled substances (e.g., requiring a
license) or those with shipping and
handling restrictions should be avoided.

The most important components of the database
will be the chemical name, CASRN, Smiles (or
other structure-search) code, and biological
endpoints.  These endpoints could include acute
toxicity data (e.g., LD50); organ/tissue specificity
(e.g., hepatotoxin; neurotoxin; etc.); and ADME-
related information (e.g., metabolism; peak blood
levels; organ distribution; membrane
permeability; excretion route).  At a second level,
the database should also include physico-chemical
parameters (e.g., pH, volatility, and solubility),
and product and use classes.

This database will enable users to pick the
endpoint of interest (e.g., LD50; hepatotoxicity)

and select the chemicals that can be used to
validate the in vitro test.  The candidate chemicals
selected for use in the validation test can then be
further grouped by class (e.g., chemical; product;
use).  If the chemical structure data are
appropriately entered, the chemical classes that
best correspond to the chemicals showing a
specific endpoint can be defined by the database
user.

Chemicals selected should be backed with
adequate animal data showing acute toxicity,
organ specificity, general mechanism of action,
metabolic and toxicokinetic requirements, etc.

Where possible, structurally related chemicals
with differing toxicities should be used to
determine if the in vitro  system could distinguish
among them.  It would be helpful to find
homologous series of chemicals with differing
toxicities.

Databases specific to in vitro cytotoxicity tests for
use in assessing acute toxicity include the
following:

• The Register of Cytotoxicity is a
collection of acute oral LD50 values from
rats and mice, as listed in the NIOSH
Registry of Toxic Effects of Chemical
Substances (RTECS), and mean
cytotoxicity data (IC50 x ) on chemicals
and drugs (Halle and Goeres, 1988).

• The MEIC in vitro database contains both
the methods used in testing (Part I,
http://www.cctoxconsulting.a.se/Web/Met
/default.htm) and the results (Part II,
http://www.cctoxconsulting.a.se/Web/Res
.default.htm) for the 50 chemicals tested
in the MEIC study.  The associated
MEMO database
(http://www.cctoxconsulting.a.se/meicinv
ivo.htm) contains the human lethal blood
concentration data used for comparison
against the in vitro test results.

An in vivo acute toxicity database that may be
useful is provided in Appendix C [Appendix F of
the In Vitro  Workshop Report]).  In the United
States, regulations regarding packaging, labeling,

http://www.cctoxconsulting.a.se/meicinvivo.htm
http://www.cctoxconsulting.a.se/Web/Res/default.htm
http://www.cctoxconsulting.a.se/Web/Met/default.htm
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and transport of acutely toxic liquids or solids are
provided under 49 CFR 173.  Materials with oral
LD50 values less than or equal to 200 mg/kg (for
solids) or 500 mg/kg (for liquids), dermal LD50

values less than or equal to 1000 mg/kg, or
inhalation LC50 values less than or equal to 10
mg/L are considered to be poisonous and to pose a
hazard to human health during transport.  These
materials, listed in the regulation as Division 6.1
materials, are further categorized into packing
groups based on the level of hazard.  Information
on packing group designations, materials reported
in the DOT regulation as Division 6.1 (49 CFR
172.101) hazardous materials and their packing
group designations are provided in Appendix C
[Appendix F of the In Vitro Workshop
Report]), along with their packing group
designation.

A list of 375 substances tested in vitro with
comparative in vivo data, as reported in five
studies (MEIC, Fry et al., 1990; Gülden et al.,
1994; Lipnick et al., 1995; Spielmann et al. 1999),
as well as in the Register of Cytotoxicity database
developed under the direction of W. Halle, has
been compiled for this Workshop (Appendix B
[Section 7.0 of the In Vitro Workshop Report]).
Detailed information on the cell system/endpoint
used to assess cytotoxicity and the IC50 and/or
ID50 values, the oral corresponding LD50 for rat
and/or mouse, and the average or acute human
lethal dose, can be obtained in the appropriate
citations.

8.0 Relevant General Databases

Relevant general databases that may include
pertinent information for this Workshop include:

• INVITTOX is a searchable database of
protocols for in vitro toxicity test
methods.  Its aim is to provide precise and
up-to-date technical information on the
performance of the in vitro techniques
currently in use and under development,
their applications, advantages, and
disadvantages.  Sixty-two protocols, as
well as information on the number of
chemicals tested using the protocols and
relevant publications, are available at

http://embryo.ib.amwaw.edu.pl/invittox/in
vittox.htm.

• The German Center for Documentation
and Evaluation of Alternative Methods to
Animal Experiments (ZEBET) searchable
database contains information on 300
alternatives in biomedicine fields and
contains about 4,000 bibliographical
references.  It is available at
http://gripsdb.dimdi.de/engl/guieng.html.

• The National Library of Medicine (NLM)
maintains a bibliography of publications
on alternatives to animal testing.  This
bibliography is available at
http://www.sis.nlm.nih.gov/altanimal.cfm.

• The Akademie für Tierschutz, which is
part of the German Animal Welfare
Federation, has established a
bibliographical database on alternatives.
It contains 15,000 references and is
available on floppy disk.  Requests may
be directed to
akademie.fuer.tierschutz@muenchen.org.

• The Galileo Databank contains toxicology
data from alternative studies, mostly
related to cosmetics testing.  The
databank contains data on over 800
ingredients, over 300 cosmetic
formulations, 50 methods, 26 animal
models, and over 100 biosystems, with a
total of nearly 21,000 individual results.
The databank is not currently available
online, but printouts may be requested by
contacting Gregorio Loprieno, Technical
Services SAS, Via Vecchia Lucchese 59,
I-56123, Pisa, Italy, 39-50-555-685
(phone), 39-50-555-687 (fax).

• VetBase is a database of literature
references to over 12,000 doses for 800
veterinary drugs in 130 species, including
farm and laboratory animals, zoo species,
fish, birds, amphibians and reptiles.  The
database is a custom-made MS Windows
application, and is available by contacting
J.D.Kuiper@cc.ruu.nl.
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10.0 Glossary

[See Section 6.0 of the In Vitro Workshop
Report]
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NICEATM Summary of The Multicenter Evaluation of In Vitro Cytotoxicity
(MEIC)

This document was provided in the Background Materials and Supplemental Information
Notebook for the International Workshop on In Vitro Methods for Assessing Acute Systemic
Toxicity [Section I, TAB 6].

The following ATLA (Alternatives To Laboratory Animals) excerpts are reprinted with
permission from Professor Michael Balls, editor of ATLA.

• Clemedson et al., 1998.  MEIC Evaluation of Acute Systemic Toxicity, Part IV.  ATLA 26:
131-183.   [Table 1]

• Ekwall et al., 1998.  MEIC Evaluation of Acute Systemic Toxicity, Part V.  ATLA 26: 571-
616.   [Tables II, III, IV, V, VI, IX]

• Ekwall et al., 2000.  MEIC Evaluation of Acute Systemic Toxicity, Part VIII, ATLA 28
Suppl 1, 201-234.   [Figures 1 and 10]

• Ekwall et al., 1999.  EDIT: A new international multicentre programme to develop and
evaluate batteries of in vitro tests for acute chronic systemic toxicity.  ATLA 27: 339-349.
[Table 1 and Figure 1]

The following table was reproduced with permission from Dr. Gary Hook (NIEHS).

• Wallum, E.  1998.  Acute Oral Toxicity.  EHP 106: 497-503.   [reproduction of Table 1]
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1.0 Introduction

The Multicenter Evaluation of In Vitro
Cytotoxicity (MEIC) program was organized by
the Scandinavian Society for Cell Toxicology in
1989.  MEIC was started with two goals.  The first
was to investigate the relevance of results from in
vitro tests for predicting the acute toxic action of
chemicals in humans.  The second was to
establish batteries of existing in vitro toxicity tests
as replacements for acute toxicity tests on animals
(LD50).  Achievement of the second goal, the
practical and ethical one, was considered to be
entirely dependent on a successful outcome of the
first, scientific goal.  At the same time, it was
recognized that a demonstrated high relevance of
in vitro toxicity tests for human acute toxicity did
not mean that all problems of replacement of
animal tests would be solved.  MEIC was a
voluntary effort involving 96 international
laboratories that evaluated the relevance and
reliability of in vitro cytotoxicity tests originally
developed as alternatives to or supplements for
animal tests for acute systemic toxicity, chronic
systemic toxicity, organ toxicity, skin irritancy, or
other forms of general toxicity.  In establishing
the framework for this program, a minimum of
methodological directives was provided in order
to maximize protocol diversity among the
participating laboratories.  The collection of test
method data was completed in 1996.  The
multiple publications originating from these
studies are provided in chronological order in
Section 12.  All in vitro toxicity test results
collected during MEIC are available on the
Cytotoxicology Laboratory, Uppsala (CTLU)
website (www.ctlu.se) as a searchable database.

2.0 Test Chemicals

Fifty reference chemicals were selected for testing
(Appendix 1).  Selection was based on the
availability of reasonably accurate human data on
acute toxicity.  Due to the anticipated five-year
duration of MEIC, it was recognized that multiple
samples (lots) of each chemical would be needed.
However, it was decided that the chemicals would
not be provided by a central supplier, but rather
that each laboratory would purchase each
chemical at the highest purity obtainable with the

proviso that storage duration would be kept to a
minimum.  The decision to not have a central
supplier was based on the rationale that most
reference chemicals are drugs, which presents
fewer impurity problems.  It is also based on the
recognition that the results would be evaluated
against human poisonings, which involve
chemicals of different origin and purity.

3.0 In Vitro Test Assays

By the end of the project in 1996, 39 laboratories
had tested the first 30 reference chemicals in 82 in
vitro assays, while the last 20 chemicals were
tested in 67 in vitro  assays (Appendix 2).  Slight
variants of four of the assays were also used to
test some chemicals.  The primary 82 assays
included:

• Twenty human cell line assays utilizing
Chang liver, HeLa, Hep 2, Hep G2,
HFL1, HL-60, McCoy, NB-1, SQ-5, and
WI-1003 cells;

• Seven human primary culture assays
utilizing hepatocytes, keratinocytes, and
polymorphonuclear leukocytes;

• Nineteen animal cell line assays utilizing
3T3, 3T3-L1, Balb 3T3, BP8, ELD,
Hepa-1c1c7,  HTC, L2, LLC-PK1, LS-
292, MDBK, PC12h, and V79 cells;

• Eighteen animal primary culture assays
utilizing bovine spermatozoa, chicken
neurons, mouse erythrocytes, rat
hepatocytes, and rat muscle cells; and

• Eighteen ecotoxicological tests utilizing
bacteria (Bacillus subtilis, Escherichia
coli B, Photobacterium phosphoreum,
Vibrio fisheri), rotifer (Brachionus
calyciflorus), crustacea (Artemia salina,
Daphnia magna, Streptocephalus
proscideus), plant (Alium cepa root,
tobacco plant pollen tubes), and fish (trout
hepatocytes, trout R1 fibroblast-like
cells).

4.0 Assay Endpoints

The analyses conducted by the MEIC
management team were based on in vitro toxicity
data presented as IC50 values (i.e., the dose
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estimated to reduce the endpoint in question by
50%) (Appendix 2).

These values were generated by the participating
laboratories and were not independently verified;
original data were not presented in the MEIC
publications.  Thirty-eight of these assays were
based on viability, 29 on growth, and the
remaining assays involved more specific
endpoints, such as locomotion, contractility,
motility, velocity, bioluminescence, and
immobilization.  The endpoints assessed were
based on exposure durations ranging from five
minutes to six weeks, and included:

• Cell viability as measured by the
metabolism of 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H tetrazolium
bromide (MTT), neutral red uptake
(NRU), lactate dehydrogenase (LDH)
release, cell morphology, adenosine
triphosphate (ATP) content or leakage,
trypan blue exclusion, viable cell count,
tritiated-proline uptake, 86Rb leakage,
creatine kinase activity, and glucose
consumption;

• Cell growth as measured by protein
content, macromolecule content, cell
number, pH change, and optical density;

• Colony formation as measured by plating
efficiency;

• An organotypic cellular endpoint (i.e.,
contractility of rat skeletel muscle cells);

• Motility and velocity for bovine sperm;
• Bioluminescence; and
• Mortality in lower eukaryotic organisms.

5.0 Comparative Data

The types of comparative data used to evaluate the
predictive accuracy of the in vitro IC50 toxicity
data for human acute toxicity included:

• Oral rat and mouse LD50 values obtained
from Registry of Toxic Effects of
Chemical Substances (RTECS)
(Appendix 3, which contains rat and
mouse LD50 data and average human
lethal dose data for the 50 MEIC
chemicals, ranked in three consecutive
tables according to potency for rat, then

mouse, and finally human.  It also
contains an U.S. Environmental
Protection Agency (EPA) classification
scheme for the acute toxicity of chemicals
in humans.);

• Acute oral lethal doses in humans
obtained from nine reference handbooks
(Appendix 4);

• Clinically measured acute lethal serum
concentrations in humans obtained from
ten reference handbooks (Appendix 5);

• Acute lethal blood concentrations in
humans measured post-mortem obtained
from one forensic handbook and six
forensic tabulations (Appendix 6);

• Human pharmacokinetics following
single doses, including absorption, peak
time, distribution/elimination curves,
plasma half-life, distribution volume,
distribution to organs (notably brain), and
blood protein binding (Appendix 7);

• Peaks from curves of an ~50% lethal
blood/serum concentration over time after
ingestion (LC50 curves derived from
human acute poisoning case reports)
(Appendix 8);

• Qualitative human acute toxicity data,
including lethal symptoms, main causes
of death, average time to death, target
organs, presence of histopathological
injury in target organs, presence of toxic
metabolites, and known or hypothetical
mechanisms for the lethal injury
(Appendix 9).

Early in the MEIC project, the in vitro
cytotoxicity results were compared with average
lethal blood concentrations (LCs) from acute
human poisoning.  However, these LCs were of
limited value because they were averages of data
with a wide variation due to different time
between exposure and sampling (clinical) or death
(forensic medicine).  Therefore, a project was
started to collect published and unpublished (from
poison information centers and medico-legal
institutes) case reports from human poisonings for
the 50 MEIC reference chemicals that had lethal
or sublethal blood concentrations with known
time between ingestion and sampling/death.  The
aim was to compile enough case reports to be able
to construct time-related lethal concentration
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curves to be compared with the IC50 values for
different incubation times in vitro.  The results
from the project were presented and analyzed in a
series of 50 MEIC monographs.  All monographs
with sufficient case reports contain five tables
presenting blood concentrations and two figures
presenting LC curves.  Three tables present (i)
clinically measured, time-related sublethal blood
concentrations, (ii) clinically measured, time-
related lethal blood concentrations, and (iii) post-
mortem, time-related blood concentrations.  In
these tables, blood concentration and the time
interval between exposure and sampling for these
concentrations are listed, as well as other
important information on the cases.  One table
contains case reports with blood concentrations
without a known time after ingestion and one
table presents average blood concentrations
calculated from the values presented in the other
tables.  The two figures presented in each of the
monographs are scatter plots of sublethal and
lethal blood concentrations.  Based on these plots,
concentration curves over time were drawn for the
highest no lethal concentrations (NLC100); the
lowest lethal concentrations (LC0); and the
median curve between NLC100 and LC0, which
is called the approximate LC50 even though it is
not equivalent to a 50% mortality.

6.0 Statistical Analyses

The statistical analyses conducted by the MEIC
management team involved:

• Principal components analysis (PCA);
• Analysis of Variance (ANOVA) and

pairwise comparison of means using
Tukey’s method;

• Linear regression and ANOVA linear
contrast analysis; and

• Multivariable partial least square (PLS)
modeling with latent variables.

7.0 Results (based on IC50 response)

The MEIC management team, based on their
analyses of the in vitro IC50 data, obtained the
following results:

• The 1st PCA component described 80% of
the variance of all the cytotoxicity data.

• Tukey’s ANOVA indicated a similar
sensitivity (~80%) for the assays.

• The toxicity of many chemicals increased
with exposure time, making it necessary
to perform a test at several exposure times
to fully characterize the cytotoxicity.

• In general, human cytotoxicity was
predicted well by animal cytotoxicity.

• Prediction of human cytotoxicity by
ecotoxicological tests was only fairly
good.

• One organotypic endpoint (muscle cell
contractility) gave different results to
those obtained with viability/growth
assays.

• Sixteen comparisons of similar test
systems involving different cell types and
exposure times revealed similar toxicities,
regardless of cell type.

• Nine of ten comparisons of test systems
with identical cell types and exposure
times revealed similar toxicities,
regardless of the viability or growth
endpoint measurement used.

• Nine comparisons of similar test systems
employing different primary cultures and
cell lines indicated that they shared
similar toxicities.

• A high correlation between an
intracellular protein denaturation test and
average human cell line toxicity test
suggested that denaturation may be a
frequently occurring mechanism in basal
cytotoxicity.

The following results were based on comparisons
between in vitro data and in vivo data:

• Simple human cell tests were shown to be
relevant for human acute lethal action for
as many as 43 of the 50 MEIC reference
chemicals (86%).  The exceptions were
atropine, digoxin, malathion, nicotine,
cyanide, paracetamol, and paraquat -- all
specific receptor-mediated toxicants.

• A battery of three of these human cell line
tests (nos. 1, 9, 5/16) was found to be
highly predictive (R2 = 0.77) of the peak
human lethal blood concentrations (LC50)
of chemicals.  The prediction increased
markedly (R2 = 0.83) when a simple
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algorithm based on the knowledge of
passage across the blood-brain barrier was
used to adapt in vitro to in vivo
concentrations (Appendix 7).  The battery
involved four endpoints and two exposure
times (protein content/24 hours; ATP
content/24 hours; inhibition of elongation
of cells/24 hours; pH change/7 days).
Prediction was better than the prediction
of human lethal doses by rat and mouse
LD50-values (R2 = 0.65).  The correlation
between calculated oral LD50 doses in
rats and mice and acute lethal dose in
humans is presented graphically in
Appendix 10, while the correlation
between IC50 values and peak lethal
blood concentrations in humans is
presented graphically in Appendix 11.

• In the in vitro -- in vivo MEIC evaluation
of chemicals that do easily not cross the
blood-brain barrier, the 24 hour cytotoxic
concentrations for rapidly acting
chemicals correlated well with the human
lethal peak blood concentrations, while
the corresponding cytotoxicity for the
slow-acting chemicals did not correlate as
well with the peak concentrations.  The
prediction of human toxicity by the tests
of slow-acting chemicals was much
improved when 48-hour cytotoxic
concentrations were compared with 48-
hour human lethal blood concentrations.
Thus, an in vitro test providing a
discrimination between a rapid and a slow
cytotoxic action would increase the
predictive power of a cell test battery on
acute toxicity.

• The findings from both the in vitro-in
vitro comparisons and the in vitro-in vivo
comparisons strongly supported the basal
cytotoxicity concept.

8.0 MEIC Conclusions and
Recommendations

Based on the analyses conducted, the MEIC
management team made the following
conclusions:

• The MEIC 1, 9, 5/16 test battery can be
used directly as a surrogate for a LD50

test.  However, since the battery predicts
lethal blood concentrations, not lethal
dosages, it is not a direct counterpart of
the animal LD50 test.  Thus, the 1, 9, 5/16
battery must be supplemented with data
on gut absorption as well as the
distribution volumes (Vd) of chemicals.
Vd essentially depends on whether
chemicals penetrate cells or not, and the
degree of accumulation in the cell for
chemicals that enter cells.  Binding to
proteins, lipids, bone and intracellular
matrix will also influence Vd.  Probably,
a simple test of accumulation in cells over
time would provide adequate Vd data.
There is sufficient *knowledge of kinetics
and Vd to enable an evaluation of results
from such an assay for most of the 50
MEIC chemicals.

• An ongoing evaluation is being conducted
to address the issue of predicting human
oral lethal doses rather than human lethal
blood concentrations.  One MEIC
manuscript in preparation will focus on
the importance of the kinetic determinants
of target organs for basal cytotoxicity.  A
second MEIC manuscript will describe
how human lethal doses may be predicted
by cellular tests on basal cytotoxicity (the
1, 9, 5/16 battery) and kinetic data.

• If human lethal doses are shown to be
well predicted by the 1, 9, 5/16 battery,
when combined with absorption and
distribution data, a new but simple in vitro
test to predict distribution volumes must
be developed.  An effective in vitro test
on absorption is stated to already exist.
Development of new in vitro methods is
not addressed by MEIC, which only
evaluated existing methods.

• In MEIC, only two of the 50 reference
chemicals (ethylene glycol and methanol)
were biotransformed to more toxic
metabolites, contributing to the acute
lethal action.  The occurrence of toxic
metabolites for the two chemicals did not
affect the prediction of human lethal peak
concentrations by human cell line
inhibitory concentrations, but seemed to
interfere with the correlation between in
vitro delayed effects and the prediction of
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later lethal effects of the chemicals.
These results confirm the proposed
usefulness of an in vitro test that could
measure the formation and release of a
toxic metabolite by metabolically
competent cells within the time frame of
acute toxicity.  One design of such a test
would be to use human hepatocytes in co-
cultures with a target cell line.  Since so
few metabolically active chemicals were
tested in MEIC, future studies will need to
include additional metabolically activated
chemicals.

9.0 Evaluation-Guided Development of In
Vitro Tests (EDIT)

In recognition that additional in vitro tests were
needed to enhance the accuracy of the proposed in
vitro battery for predicting human acute toxicity, a
second voluntary multicenter program was
initiated by the CTLU.  The CTLU has designed a
blueprint for an extended battery and has invited
all interested laboratories to develop the "missing"
tests of this battery within the

framework of the EDIT program (Appendix 12
and 13).  The EDIT research program is published
on the Internet (www.ctlu.se).  The aim of EDIT
is to provide a full replacement of the animal
acute toxicity tests.  The most urgently needed
developments are assays on the accumulation of
chemicals in cells (test of Vd), passage across the
intestinal and blood-brain barriers, and
biotransformation to more toxic metabolites.
CTLU will provide interested laboratories with
human reference data and will evaluate results as
single components of complex models.  The
Internet version of the general EDIT research
program contains additional, regularly updated
information on the project.  Purported advantages
of the project are as follows.  First, the evaluation-
guided test development in EDIT is rational since
tests are designed according to obvious needs and
as elementary tests of single events integrated into
whole models, which is the potential strength of
the in vitro toxicity testing strategy.  Second, the
direct testing of MEIC chemicals in newly
developed in vitro assays will lead to a rapid
evaluation of the potential value of each assay.

10.0 Recommended Integration of
MEIC/EDIT into the EPA High
Production Volume (HPV) Program

Dr. Ekwall, the principle scientist for the MEIC
program, has provided several suggestions for
using MEIC results and the forthcoming EDIT
results to reduce animal testing in the HPV
program.  These suggestions include the
following:

1. Formal validation by
ECVAM/ICCVAM of the existing 3
test MEIC battery.  If considered
validated, use of the battery to test
every chemical in the HPV program
would provide inexpensive and useful
supplementary data.

2. Evaluate some of the HPV chemicals
in a battery of in vitro toxicity and
toxicokinetic tests on acute toxicity
(EDIT and similar models) as
follows:
• Engage poison information

experts to select a set of HPV
chemicals with sound human
acute toxicity data, including
time-related lethal blood
concentrations.

• Give priority to standard testing
of the same chemicals in the HPV
program.

• Testing of the same chemicals in
the newly developed in vitro
systems (EDIT, etc.), including
modeling of acute toxicity by the
new assays.

• Comparison of HPV standard
animal data and the in vitro data
with the human data for the
selected set of chemicals.

If the new in vitro models can be
shown to predict human acute toxicity
better than the HPV animal tests, in
vitro batteries may totally replace the
animal acute toxicity tests in further
HPV testing.
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11.0 MEIC Evaluation Guidelines Checklist

A complete and formal assessment of the validation status of MEIC in regard to the ICCVAM evaluation
guidelines would require the following to be reviewed and evaluated:

ICCVAM Evaluation Guidelines

1.0  Introduction and Rationale of each Test Method

1.1  Scientific basis for each test method

1.1.1  Purpose of each proposed method, including the mechanistic basis

1.1.2  Similarities and differences of modes and mechanisms of action in each test system as
compared to the species of interest (e.g., humans for human health-related toxicity
testing).

1.2.  Intended uses of each proposed test method.

1.2.1  Intended regulatory use(s) and rationale.

1.2.2  Substitute, replace, or complement existing test methods.

1.2.3  Fits into the overall strategy of hazard or safety assessment.  If a component of a tiered
assessment process, indicate the weight that will be applied relative to other measures.

1.2.4  Intended range of materials amenable to test and/or limits according to chemical class or
physico-chemical factors.

2.0  Proposed Each Test Method Protocol(s)

2.1  Detailed protocol for each test method, duration of exposure, know limits of use, and nature of
the response assessed, including:

2.1.1  Materials, equipment, and supplies needed

2.1.2  Suggested positive or negative controls.

2.1.3  Detailed procedures for conducting the test

2.1.4  Dose-selection procedures, including the need for any dose range-finding studies or
acute toxicity data prior to conducting the test, if applicable;

2.1.5  Endpoint(s) measured

2.1.6  Duration of exposure

2.1.7  Known limits of use

2.1.8  Nature of the response assessed

2.1.9  Appropriate vehicle, positive and negative controls and the basis for their selection

2.1.10  Acceptable range of vehicle, positive and negative control responses

2.1.11  Nature of the data to be collected and the methods used for data collection

2.1.12  Type of media in which data are stored

2.1.13  Measures of variability

2.1.14  Statistical or non-statistical method(s) used to analyze the resulting data (including
methods to analyze for a dose response relationship).  The method(s) employed should
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be justified and described

2.1.15  Decision criteria or the prediction model used to classify a test chemical (e.g., positive,
negative, or equivocal), as appropriate

2.1.16  Information that will be included in the test report

2.2  Basis for each test system

2.3  Confidential information

2.4  Basis for the decision criteria established for each test

2.5  Basis for the number of replicate and repeat experiments; provide the rationale if studies are
not replicated or repeated

2.6  Basis for any modifications to each proposed protocol that were made based on results from
validation studies

3.0  Characterization of Materials Tested

3.1  Rationale for the chemicals/products selected for evaluation.  Include information on suitability
of chemicals selected for testing, indicating any chemicals that were found to be unsuitable

3.2  Rationale for the number of chemicals that were tested

3.3  The chemicals/products evaluated, including:

3.3.1.  Chemical or product name; if a mixture, describe all components.

3.3.2  CAS number(s)

3.3.3  Chemical or product class

3.3.4  Physical/chemical characteristics

3.3.5  Stability of the test material in the test medium

3.3.6  Concentration tested.

3.3.7  Purity; presence and identity of contaminants.

3.3.8  Supplier/source of compound.

3.4  If mixtures were tested, constituents and relative concentrations should be provided whenever
possible

3.5  Describe coding used (if any) during validation studies.

4.0  Reference Data Used for Performance Assessment

4.1  Clear description of the protocol for the reference test method.  If a specific guideline has been
followed, it should also be provided.  Any deviation should be indicated, including the
rationale for the deviation.

4.2.  Provide reference data used to assess the performance of the proposed test method.

4.3  Availability of original datasheets for the reference data

4.4  Quality of the reference test data, including the extent of GLP compliance and any use of
coded chemicals.

4.5  Availability and use of relevant toxicity information from the species of interest.

5.0  Test Method Data and Results

5.1  Complete, detailed protocol used to generate each set of data for each proposed test method.
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Any deviations should be indicated, including the rationale for the deviation.  Any protocol
modifications made during the development process and their impact should be clearly stated
for each data set.

5.2  Provide all data obtained using each proposed test method.  This should include copies of
original data from individual animals and/or individual samples, as well as derived data.  The
laboratory’s summary judgement as to the outcome of each test should be indicated.  The
submission should also include data (and explanations) from unsuccessful, as well as
successful, experiments.

5.3  Statistical approach used to evaluate the data from each proposed test method

5.4  Provide a summary, in graphic or tabular form, of the results.

5.5  For each set of data, indicate whether coded chemicals were tested, experiments were
conducted blind, and the extent to which experiments followed GLP procedures.

5.6  Indicate the lot-to-lot consistency of the test materials, the time frame of the various studies,
and the laboratory in which the study or studies were done.  A coded designation for each
laboratory is acceptable.

5.7  Any data not submitted should be available for external audit, if requested

6.0  Test Method Performance Assessment

6.1  Describe performance characteristics (e.g., accuracy, sensitivity, specificity, positive and
negative predictivity, and false positive and negative rates) of each proposed test method
separately and in combination compared with the reference test method currently accepted by
regulatory agencies for the endpoint of interest.  Explain how discordant results from each
proposed test were considered when calculating performance values.

6.2  Results that are discordant with results from the reference method.

6.3  Performance characteristics of each proposed test method compared to data or recognized
toxicity from the species of interest (e.g., humans for human health-related toxicity testing),
where such data or toxicity classification is available.  In instances where the proposed test
method was discordant from the reference test method, describe the frequency of correct
predictions of each test method compared to recognized toxicity information from the species
of interest.

6.4  Strengths and limitations of the method, including those applicable to specific chemical classes
or physical/chemical properties

6.5  Salient issues of data interpretation, including why specific parameters were selected for
inclusion

7.0  Test Method Reliability (Repeatability/Reproducibility)

7.1  Rationale for the chemicals selected to evaluate intra- and inter-laboratory reproducibility for
each test method, and the extent to which they represent the range of possible test outcomes.

7.2  Analyses and conclusions reached regarding inter- and intra-laboratory repeatability and
reproducibility for each test method

7.3  Summarize historical positive and negative control data for each test method, including number
of trials, measures of central tendency and variability.

8.0  Test Method Data Quality

8.1  Extent of adherence to GLPs
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8.2.  Results of any data quality audits

8.3  Impact of deviations from GLPs or any non-compliance detected in data quality audits

9.0  Other Scientific Reports and Reviews

9.1  All data from other published or unpublished studies conducted using the proposed test method
should be included.

9.2  Comment on and compare the conclusions published in independent peer-reviewed reports or
other independent scientific reviews of the test method.  The conclusions of such scientific
reports and/or reviews should be compared to the conclusions reached in this submission.
Any other ongoing evaluations of the method should be mentioned.

10.0  Animal Welfare Considerations (Refinement, Reduction, and Replacement)

10.1  Describe how the proposed test methods will refine (reduce pain or distress), reduce, and/or
replace animal use compared to the current methods used.

11.0  Other Considerations

11.1  Aspects of test method transferability.  Include an explanation of how this compares to the
transferability of the reference test method.

11.1.1  Facilities and major fixed equipment needed to conduct the test.

11.1.2  Required level of training and expertise needed for personnel to conduct the test.

11.1.3  General availability of other necessary equipment and supplies.

11.2  Cost involved in conducting each test.  Discuss how this compares to the cost of the
reference test method.

11.3  Indicate the amount of time needed to conduct each test and discuss how this compares with
the reference test method.

12.0  Supporting Materials

12.1  Provide copies of all relevant publications, including those containing data from the
proposed test method or the reference test method.

12.2  Include all available non-transformed original data for both each proposed test method and
the reference test method.

12.3  Summarize and provide the results of any peer reviews conducted to date, and summarize
any other ongoing or planned reviews.

12.4  Availability of laboratory notebooks or other records for an independent audit.
Unpublished data should be supported by laboratory notebooks.
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Appendix I
First Fifty Reference Chemicals

Acetaminophen
Aspirin
Ferrous sulfate
Diazepam
Amitriptyline
Digoxin
Ethylene glycol
Methyl alcohol
Ethyl alcohol
Isopropyl alcohol
1,1,1-Trichloroethane
Phenol
Sodium chloride
Sodium fluoride
Malathion
2,4-Dichlorophenoxyacetic acid
Xylene
Nicotine
Potassium cyanide
Lithium sulfate
Theophylline
Dextropropoxyphene HCl
Propranolol HCl
Phenobarbital
Paraquat

Arsenic trioxide
Cupric sulfate
Mercuric chloride
Thioridazine HCl
Thallium sulfate
Warfarin
Lindane
Chloroform
Carbon tetrachloride
Isoniazid
Dichloromethane
Barium nitrate
Hexachlorophene
Pentachlorophenol
Varapamil HCl
Chloroquine phosphate
Orphenadrine HCl
Quinidine sulfate
Diphenylhydantoin
Chloramphenicol
Sodium oxalate
Amphetamine sulfate
Caffeine
Atropine sulfate
Potassium chloride



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

E-18

Appendix II: Descriptions of the Essential Traits of 67 in vitro Methods

Source: Clemedson et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part IV.  ATLA

26:131-183. (reprinted with permission from the editor)
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Appendix III:Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for
Humans and Toxicity Categories

Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
Rat LD50 Mouse LD50 Ave. Human DoseChemical

Number
Chemical

mg/kg umol/kg mg/kg umol/kg mg/kg umol/kg
28 Mercuric chloride 1 4 6 22 25.7 94.7

31 Warfarin 2 5 3 10 107.1 347.4

18 Potassium cyanide 5 77 9 131 2.9 43.9

26 Arsenic trioxide 15 74 31 159 4.1 20.9

30 Thallium sulfate 16 32 24 47 14.0 27.7

39 Pentachlorophenol 27 101 28 105 28.6 107.3

6 Digoxin 28 36 18 23 0.1 0.17

17 Nicotine 50 308 3 21 0.7 4.4

13 Sodium fluoride 52 1238 57 1357 92.8 2210.9

47 Amphetamine sulfate 55 149 24 65 20.0 54.3

38 Hexachlorophene 56 138 67 165 214.3 526.6

32 Lindane 76 261 44 151 242.9 835.1

21 Propoxyphene HCL 84 223 255 678 24.6 65.4

25 Paraquat 100 537 120 644 40.0 214.7

40 Varapamil HCL 108 220 163 331 122.3 249.1

23 Penobarbital 162 697 137 590 111.4 479.7

48 Caffeine 192 989 127 654 135.7 698.8

2 Acetylsalicylic acid 200 1110 232 1287 385.7 2140.5

20 Theophylline 244 1354 235 1304 157.1 872.1

42 Orphenadrine HCL 255 834 100 327 50.0 163.4

43 Quinidine sulfate 258 610 286 676 79.2 187.4

14 Malathion 290 878 190 575 742.8 2248.4

11 Phenol 317 3369 270 2869 157.2 1670.0

3 Ferrous sulfate 319 2100 680 4477 392.1 2581.0

5 Amitriptyline 320 1154 140 505 37.1 133.8

4 Diazepam 352 1236 45 159 71.4 250.8

37 Barium nitrate 355 1358 266 1016 37.1 142.1

15 2,4-Dichlorophenoxy-acetic
acid

375 1697 347 1570 385.8 1745.3

22 Propamolol HCL 466 1575 320 1082 71.5 241.7

27 Cupric sulfate 469 1880 502 2012 290.6 1163.6

19 Lithium sulfate 492 4478 1190 10,828 1065.5 9691.8

49 Altropine sulfate 585 864 456 674 1.7 2.5

41 Chloroquine phosphate 623 1208 500 969 84.3 163.4

33 Chloroform 908 7605 36 302 999.8 8375.2

29 Thioridazine HCL 995 2445 385 946 68.6 1684

35 Isoniazid 1250 9117 133 970 171.5 1250.4

36 Dichloromethane 1601 18,846 873 10,280 1386.2 16,321.7

44 Diphenylhydantoin 1635 6480 150 595 300.0 1189.1

34 Carbon tetrachloride 2350 15,280 8264 53,726 1314.4 8545.4

1 Paracetamol 2404 15,899 338 2235 271.4 1795.2

45 Chloramphenicol 2500 7735 1500 4641 285.7 884.0

50 Potassium chloride 2598 34,853 1499 20,107 285.5 3830.0

12 Sodium chloride 3002 51,370 4003 68,493 2287.3 39,138.9
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Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
16 Xylene 4299 40,490 2119 19,953 899.8 8474.6

7 Ethylene glycol 4698 75,684 5498 88,567 1570.9 25,304.8

8 Methanol 5619 175,327 7289 227,414 1569.0 48,954.2

9 Ethanol 7057 153,145 3448 74,837 4712.2 102,262.2

46 Sodium oxalate 11160 83,284 5095 38,019 357.1 2665.3

10 1,1,1-Trichloroethane 11196 83,927 7989 59,884 5707.6 42,785.8

Source: E. Walum.  1998.  Acute oral toxicity.  EHP 106:497-503 . (reprinted with permission from the editor)
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Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
Rat LD50 Mouse LD50 Ave. Human DoseChemical

Number
Chemical

mg/kg umol/kg mg/kg umol/kg mg/kg umol/kg
31 Warfarin 2 5 3 10 107.1 347.4
17 Nicotine 50 308 3 21 0.7 4.4
28 Mercuric chloride 1 4 6 22 25.7 94.7
18 Potassium cyanide 5 77 9 131 2.9 43.9
6 Digoxin 28 36 18 23 0.1 0.2

30 Thallium sulfate 16 32 24 47 14.0 27.7
47 Amphetamine sulfate 55 149 24 65 20.0 54.3
39 Pentachlorophenol 27 101 28 105 28.6 107.3
26 Arsenic trioxide 15 74 31 159 4.1 20.9
33 Chloroform 908 7605 36 302 999.8 8375.2
32 Lindane 76 261 44 151 242.9 835.1
4 Diazepam 352 1236 45 159 71.4 250.8

13 Sodium fluoride 52 1238 57 1357 92.8 2210.9
38 Hexachlorophene 56 138 67 165 214.3 526.6
42 Orphenadrine HCL 255 834 100 327 50.00 163.4
25 Paraquat 100 537 120 644 40.00 214.7
48 Caffeine 192 989 127 654 135.7 698.8
35 Isoniazid 1250 9117 133 970 171.5 1250.4
23 Penobarbital 162 697 137 590 111.4 479.7
5 Amitriptyline 320 1154 140 505 37.1 133.8

44 Diphenylhydantoin 1635 6480 150 595 300.0 1189.1
40 Varapamil HCL 108 220 163 331 122.3 249.1
14 Malathion 290 878 190 575 742.8 2248.4
2 Acetylsalicylic acid 200 1110 232 1287 385.7 2140.5

20 Theophylline 244 1354 235 1304 157.1 872.1
21 Propoxyphene HCL 84 223 255 678 24.6 65.4
37 Barium nitrate 355 1358 266 1016 37.1 142.1
11 Phenol 317 3369 270 2869 157.2 1670.0
43 Quinidine sulfate 258 610 286 676 79.2 187.4
22 Propamolol HCL 466 1575 320 1082 71.5 241.7
1 Paracetamol 2404 15,899 338 2235 271.4 1795.2

15 2,4-Dichlorophenoxy-acetic 375 1697 347 1570 385.8 1745.3
29 Thioridazine HCL 995 2445 385 946 68.6 168.5
49 Altropine sulfate 585 864 456 674 1.7 2.5
41 Chloroquine phosphate 623 1208 500 969 84.3 163.4
27 Cupric sulfate 469 1880 502 2012 290.6 1163.6
3 Ferrous sulfate 319 2100 680 4477 392.1 2581.0

36 Dichloromethane 1601 18,846 873 10,280 1386.2 16,321.7
19 Lithium sulfate 492 4478 1190 10,828 1065.5 9691.8
50 Potassium chloride 2598 34,853 1499 20,107 285.5 3830.0
45 Chloramphenicol 2500 7735 1500 4641 285.7 884.0
16 Xylene 4299 40,490 2119 19,953 899.8 8474.6
9 Ethanol 7057 153,145 3448 74,837 4712.2 102,262.2

12 Sodium chloride 3002 51,370 4003 68,493 2287.3 39,138.9
46 Sodium oxalate 11160 83,284 5095 38,019 357.1 2665.3
7 Ethylene glycol 4698 75,684 5498 88,567 1570.9 25,304.8
8 Methanol 5619 175,327 7289 227,414 1569.0 48,954.2

10 1,1,1-Trichloroethane 11196 83,927 7989 59,884 5707.6 42,785.8
34 Carbon tetrachloride 2350 15,280 8264 53,726 1314.4 8545.4

Source: E. Walum.  1998.  Acute oral toxicity.  EHP 106:497-503 . (reprinted with permission from the editor)
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Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
Rat LD50 Mouse LD50 Ave. Human DoseChemical

Number
Chemical

mg/kg umol/kg mg/kg umol/kg mg/kg umol/kg
6 Digoxin 28 36 18 23 0.1 0.2

17 Nicotine 50 308 3 21 0.7 4.4
49 Altropine sulfate 585 864 456 674 1.7 2.5
18 Potassium cyanide 5 77 9 131 2.9 43.9
26 Arsenic trioxide 15 74 31 159 4.1 20.9
30 Thallium sulfate 16 32 24 47 14.0 27.7
47 Amphetamine sulfate 55 149 24 65 20.0 54.3
21 Propoxyphene HCL 84 223 255 678 24.6 65.4
28 Mercuric chloride 1 4 6 22 25.7 94.7
39 Pentachlorophenol 27 101 28 105 28.6 107.3
5 Amitriptyline 320 1154 140 505 37.1 133.8

37 Barium nitrate 355 1358 266 1016 37.1 142.1
25 Paraquat 100 537 120 644 40.0 214.7
42 Orphenadrine HCL 255 834 100 327 50.0 163.4
29 Thioridazine HCL 995 2445 385 946 68.6 168.5
4 Diazepam 352 1236 45 159 71.4 250.8

22 Propamolol HCL 466 1575 320 1082 71.5 241.7
43 Quinidine sulfate 258 610 286 676 79.2 187.4
41 Chloroquine phosphate 623 1208 500 969 84.3 163.4
13 Sodium fluoride 52 1238 57 1357 92.8 2210.9
31 Warfarin 2 5 3 10 107.1 347.4
23 Penobarbital 162 697 137 590 111.4 479.7
40 Varapamil HCL 108 220 163 331 122.3 249.1
48 Caffeine 192 989 127 654 135.7 698.8
20 Theophylline 244 1354 235 1304 157.1 872.1
11 Phenol 317 3369 270 2869 157.2 1670.0
35 Isoniazid 1250 9117 133 970 171.5 1250.4
38 Hexachlorophene 56 138 67 165 214.3 526.6
32 Lindane 76 261 44 151 242.9 835.1
1 Paracetamol 2404 15,899 338 2235 271.4 1795.2

50 Potassium chloride 2598 34,853 1499 20,107 285.5 3830.0
45 Chloramphenicol 2500 7735 1500 4641 285.7 884.0
27 Cupric sulfate 469 1880 502 2012 290.6 1163.6
44 Diphenylhydantoin 1635 6480 150 595 300.0 1189.1
46 Sodium oxalate 11160 83,284 5095 38,019 357.1 2665.3
2 Acetylsalicylic acid 200 1110 232 1287 385.7 2140.5

15 2,4-Dichlorophenoxy-acetic 375 1697 347 1570 385.8 1745.3
3 Ferrous sulfate 319 2100 680 4477 392.1 2581.0

14 Malathion 290 878 190 575 742.8 2248.4
16 Xylene 4299 40,490 2119 19,953 899.8 8474.6
33 Chloroform 908 7605 36 302 999.8 8375.2
19 Lithium sulfate 492 4478 1190 10,828 1065.5 9691.8
34 Carbon tetrachloride 2350 15,280 8264 53,726 1314.4 8545.4
36 Dichloromethane 1601 18,846 873 10,280 1386.2 16,321.7
8 Methanol 5619 175,327 7289 227,414 1569.0 48,954.2
7 Ethylene glycol 4698 75,684 5498 88,567 1570.9 25,304.8

12 Sodium chloride 3002 51,370 4003 68,493 2287.3 39,138.9
9 Ethanol 7057 153,145 3448 74,837 4712.2 102,262.2

10 1,1,1-Trichloroethane 11196 83,927 7989 59,884 5707.6 42,785.8
Source: E. Walum.  1998.  Acute oral toxicity.  EHP 106:497-503. (reprinted with permission from the editor)
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Toxicity Categories

Category Signal
Word

Oral
LD50

(mg/kg)

Dermal
LD50

(mg/kg)

Inhalation
LD50

(mg/L)2

Oral
Lethal
Dose

Eye Irritation Skin
Irritation

I - Highly
Toxic

DANGER,
POISON
(skull &
crossbones),
WARNING

0 to 50 0 to 200 0 to 0.05 A few
drops to a
teaspoonful

Corrosive
(irreversible
destruction of
ocular tissue) or
corneal
involvement or
irritation
persisting for
more than 21 days

Corrosive
(tissue
destruction
into the
dermis and/or
scarring)

II -
Moderately
Toxic

CAUTION >50 to
500

>200 to
2,000

> 0.05 to 0.5 Over a
teaspoonful
to one
ounce

Corneal
involvement or
irritation clearing
in 8-21 days

Severe
irritation at
72 hours
(severe
erythema or
edema)

III -
Slightly
Toxic

CAUTION >500 to
5,000

>2,000 to
20,000

>0.5 to 2 Over one
ounce to
one pint

Corneal
involvement or
irritation clearing
in 7 days or less

Moderate
irritation at
72 hours
(moderate
erythema)

IV -
Relatively
Non-toxic

none >5,000 >20,000 > 2 Over one
pint to one
pound

Moderate
irritation at 72
hours (moderate
erythema)

Mild or slight
irritation at
72 hours (no
irritation or
slight
erythema)

1 EPA/OPP does not currently use the inhalation toxicity values in 40 CFR 150.10(h).  Instead, OPP uses values that
are from a 2/1/94 Health Effects Division paper entitiled “Interim Policy for Particle Size and Limit Concentration
Issues in Inhalation Toxicity Studies”.
2 Four hour exposure.

Sources:
(1) U.S. EPA, Office of Pesticide Programs.  Label Review Manual.  Chapter 8:  Precautionary Labeling.
http://www.epa.gov/oppfead1/labeling/lrm/chap-0.8.htm.
(2) National Ag Safety Database.  Toxicity of Pesticides.  http://www.cdc.gov/niosh/nasd/docs2/as18700.html.
(3) 40 CFR 156.10(h) – Labeling Requirements for Pesticides and Devices.  Warnings and precautionary statements.
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Appendix IV: Oral Acute Single Lethal Doses in Humans

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616. (reprinted with permission from the editor)



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

E-27



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

E-28



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

E-29



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

E-30

Appendix V: Clinically Measured Acute Lethal Serum Concentrations in Humans

Source: Ekwall et al. 1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616. (reprinted with permission from the editor)
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Appendix VI: Post-Mortem Acute Lethal Concentrations in Humans

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616. (reprinted with permission from the editor)
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Appendix VII: Human Kinetic Data

Source:  Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616. (reprinted with permission from the editor)
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Appendix VIII: Peaks from Approximate 50% Lethal Concentration (LC50) Curves

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616. (reprinted with permission from the editor)
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Appendix IX: Human Acute, Single-Dose Toxicity Data

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616. (reprinted with permission from the editor)
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Appendix X: Plot of Acute Lethal Dosage in Humans Against Values Calculated by a PLS
Model Based on Rat Oral LD50 and Mouse Oral LD50

Source: Ekwall et al.  1999.  MEIC Evaluation of Acute Systemic Toxicity.  Part VIII.

(reprinted with permission from the editor)
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Appendix XI: Plot of Peak Lethal Blood Concentrations in Man Against IC50 Values

Source: Ekwall et al.  1999.  MEIC Evaluation of Acute Systemic Toxicity.  Part VIII.

(reprinted with permission from the editor)



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

E-53

Appendix XII: Priority Areas for Development and Evaluation of New In Vitro Tests

Source: Ekwall et al.  1999.  EDIT: A new international multicentre programme to develop and evaluate

batteries of in vitro tests for acute chronic systemic toxicity.  ATLA 27:339-349. (reprinted with permission

from the editor)
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Appendix XIII: Proposed Testing Scheme for the  Classification and Labelling of Chemicals

Source: Ekwall et al.  1999.  EDIT: A new international multicentre programme to develop and evaluate

batteries of in vitro tests for acute chronic systemic toxicity.  ATLA 27:339-349. (reprinted with permission

from the editor)
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Subpart A—General Provisions
§ 156.10 Labeling requirements.

(a) General—(1) Contents of the label.
Every pesticide products shall bear a
label containing the information speci-
fied by the Act and the regulations in
this part. The contents of a label must
show clearly and prominently the fol-
lowing:

(i) The name, brand, or trademark
under which the product is sold as pre-
scribed in paragraph (b) of this section;

(ii) The name and address of the pro-
ducer, registrant, or person for whom
produced as prescribed in paragraph (c)
of this section;

(iii) The net contents as prescribed in
paragraph (d) of this section;

(iv) The product registration number
as prescribed in paragraph (e) of this
section;

(v) The producing establishment
number as prescribed in paragraph (f)
of this section;

(vi) An ingredient statement as pre-
scribed in paragraph (g) of this section;

(vii) Warning or precautionary state-
ments as prescribed in paragraph (h) of
this section;

(viii) The directions for use as pre-
scribed in paragraph (i) of this section;
and

(ix) The use classification(s) as pre-
scribed in paragraph (j) of this section.

(2) Prominence and legibility. (i) All
words, statements, graphic representa-
tions, designs or other information re-
quired on the labeling by the Act or
the regulations in this part must be
clearly legible to a person with normal
vision, and must be placed with such
conspicuousness (as compared with
other words, statements, designs, or
graphic matter on the labeling) and ex-
pressed in such terms as to render it
likely to be read and understood by the
ordinary individual under customary
conditions of purchase and use.

(ii) All required label text must:
(A) Be set in 6-point or larger type;
(B) Appear on a clear contrasting

background; and
(C) Not be obscured or crowded.
(3) Language to be used. All required

label or labeling text shall appear in
the English language. However, the
Agency may require or the applicant
may propose additional text in other

languages as is considered necessary to
protect the public. When additional
text in another language is necessary,
all labeling requirements will be ap-
plied equally to both the English and
other-language versions of the label-
ing.

(4) Placement of Label—(i) General.
The label shall appear on or be securely
attached to the immediate container of
the pesticide product. For purposes of
this section, and the misbranding pro-
visions of the Act, ‘‘securely attached’’
shall mean that a label can reasonably
be expected to remain affixed during
the foreseeable conditions and period
of use. If the immediate container is
enclosed within a wrapper or outside
container through which the label can-
not be clearly read, the label must also
be securely attached to such outside
wrapper or container, if it is a part of
the package as customarily distributed
or sold.

(ii) Tank cars and other bulk con-
tainers—(A) Transportation. While a pes-
ticide product is in transit, the appro-
priate provisions of 49 CFR parts 170–
189, concerning the transportation of
hazardous materials, and specifically
those provisions concerning the label-
ing, marking and placarding of haz-
ardous materials and the vehicles car-
rying them, define the basic Federal
requirements. In addition, when any
registered pesticide product is trans-
ported in a tank car, tank truck or
other mobile or portable bulk con-
tainer, a copy of the accepted label
must be attached to the shipping pa-
pers, and left with the consignee at the
time of delivery.

(B) Storage. When pesticide products
are stored in bulk containers, whether
mobile or stationary, which remain in
the custody of the user, a copy of the
label of labeling, including all appro-
priate directions for use, shall be se-
curely attached to the container in the
immediate vicinity of the discharge
control valve.

(5) False or misleading statements. Pur-
suant to section 2(q)(1)(A) of the Act, a
pesticide or a device declared subject
to the Act pursuant to § 152.500, is mis-
branded if its labeling is false or mis-
leading in any particular including
both pesticidal and non-pesticidal
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claims. Examples of statements or rep-
resentations in the labeling which con-
stitute misbranding include:

(i) A false or misleading statement
concerning the composition of the
product;

(ii) A false or misleading statement
concerning the effectiveness of the
product as a pesticide or device;

(iii) A false or misleading statement
about the value of the product for pur-
poses other than as a pesticide or de-
vice;

(iv) A false or misleading comparison
with other pesticides or devices;

(v) Any statement directly or indi-
rectly implying that the pesticide or
device is recommended or endorsed by
any agency of the Federal Government;

(vi) The name of a pesticide which
contains two or more principal active
ingredients if the name suggests one or
more but not all such principal active
ingredients even though the names of
the other ingredients are stated else-
where in the labeling;

(vii) A true statement used in such a
way as to give a false or misleading im-
pression to the purchaser;

(viii) Label disclaimers which negate
or detract from labeling statements re-
quired under the Act and these regula-
tions;

(ix) Claims as to the safety of the
pesticide or its ingredients, including
statements such as ‘‘safe,’’ ‘‘nonpoi-
sonous,’’ ‘‘noninjurious,’’ ‘‘harmless’’
or ‘‘nontoxic to humans and pets’’ with
or without such a qualifying phrase as
‘‘when used as directed’’; and

(x) Non-numerical and/or compara-
tive statements on the safety of the
product, including but not limited to:

(A) ‘‘Contains all natural ingredi-
ents’’;

(B) ‘‘Among the least toxic chemicals
known’’

(C) ‘‘Pollution approved’’
(6) Final printed labeling. (i) Except as

provided in paragraph (a)(6)(ii) of this
section, final printed labeling must be
submitted and accepted prior to reg-
istration. However, final printed label-
ing need not be submitted until draft
label texts have been provisionally ac-
cepted by the Agency.

(ii) Clearly legible reproductions or
photo reductions will be accepted for
unusual labels such as those silk-

screened directly onto glass or metal
containers or large bag or drum labels.
Such reproductions must be of micro-
film reproduction quality.

(b) Name, brand, or trademark. (1) The
name, brand, or trademark under
which the pesticide product is sold
shall appear on the front panel of the
label.

(2) No name, brand, or trademark
may appear on the label which:

(i) Is false or misleading, or
(ii) Has not been approved by the Ad-

ministrator through registration or
supplemental registration as an addi-
tional name pursuant to § 152.132.

(c) Name and address of producer,
registrant, or person for whom pro-
duced. An unqualified name and ad-
dress given on the label shall be consid-
ered as the name and address of the
producer. If the registrant’s name ap-
pears on the label and the registrant is
not the producer, or if the name of the
person for whom the pesticide was pro-
duced appears on the label, it must be
qualified by appropriate wording such
as ‘‘Packed for * * *,’’ ‘‘Distributed by
* * *,’’ or ‘‘Sold by * * *’’ to show that
the name is not that of the producer.

(d) Net weight or measure of contents.
(1) The net weight or measure of con-
tent shall be exclusive of wrappers or
other materials and shall be the aver-
age content unless explicitly stated as
a minimum quantity.

(2) If the pesticide is a liquid, the net
content statement shall be in terms of
liquid measure at 68 °F (20 °C) and shall
be expressed in conventional American
units of fluid ounces, pints, quarts, and
gallons.

(3) If the pesticide is solid or semi-
solid, viscous or pressurized, or is a
mixture of liquid and solid, the net
content statement shall be in terms of
weight expressed as avoirdupois pounds
and ounces.

(4) In all cases, net content shall be
stated in terms of the largest suitable
units, i.e., ‘‘1 pound 10 ounces’’ rather
than ‘‘26 ounces.’’

(5) In addition to the required units
specified, net content may be expressed
in metric units.

(6) Variation above minimum content
or around an average is permissible
only to the extent that it represents
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deviation unavoidable in good manu-
facturing practice. Variation below a
stated minimum is not permitted. In
no case shall the average content of
the packages in a shipment fall below
the stated average content.

(e) Product registration number. The
registration number assigned to the
pesticide product at the time of reg-
istration shall appear on the label, pre-
ceded by the phrase ‘‘EPA Registration
No.,’’ or the phrase ‘‘EPA Reg. No.’’
The registration number shall be set in
type of a size and style similar to other
print on that part of the label on which
it appears and shall run parallel to it.
The registration number and the re-
quired identifying phrase shall not ap-
pear in such a manner as to suggest or
imply recommendation or endorsement
of the product by the Agency.

(f) Producing establishments registra-
tion number. The producing establish-
ment registration number preceded by
the phrase ‘‘EPA Est.’’, of the final es-
tablishment at which the product was
produced may appear in any suitable
location on the label or immediate con-
tainer. It must appear on the wrapper
or outside container of the package if
the EPA establishment registration
number on the immediate container
cannot be clearly read through such
wrapper or container.

(g) Ingredient statement—(1) General.
The label of each pesticide product
must bear a statement which contains
the name and percentage by weight of
each active ingredient, the total per-
centage by weight of all inert ingredi-
ents; and if the pesticide contains ar-
senic in any form, a statement of the
percentages of total and water-soluble
arsenic calculated as elemental ar-
senic. The active ingredients must be
designated by the term ‘‘active ingredi-
ents’’ and the inert ingredients by the
term ‘‘inert ingredients,’’ or the sin-
gular forms of these terms when appro-
priate. Both terms shall be in the same
type size, be aligned to the same mar-
gin and be equally prominent. The
statement ‘‘Inert Ingredients, none’’ is
not required for pesticides which con-
tain 100 percent active ingredients. Un-
less the ingredient statement is a com-
plete analysis of the pesticide, the
term ‘‘analysis’’ shall not be used as a
heading for the ingredient statement.

(2) Position of ingredient statement. (i)
The ingredient statement is normally
required on the front panel of the label.
If there is an outside container or
wrapper through which the ingredient
statement cannot be clearly read, the
ingredient statement must also appear
on such outside container or wrapper.
If the size or form of the package
makes it impracticable to place the in-
gredient statement on the front panel
of the label, permission may be granted
for the ingredient statement to appear
elsewhere.

(ii) The text of the ingredient state-
ment must run parallel with other text
on the panel on which it appears, and
must be clearly distinguishable from
and must not be placed in the body of
other text.

(3) Names to be used in ingredient state-
ment. The name used for each ingre-
dient shall be the accepted common
name, if there is one, followed by the
chemical name. The common name
may be used alone only if it is well
known. If no common name has been
established, the chemical name alone
shall be used. In no case will the use of
a trademark or proprietary name be
permitted unless such name has been
accepted as a common name by the Ad-
ministrator under the authority of sec-
tion 25(c)(6).

(4) Statements of percentages. The per-
centages of ingredients shall be stated
in terms of weight-to-weight. The sum
of percentages of the active and the
inert ingredients shall be 100. Percent-
ages shall not be expressed by a range
of values such as ‘‘22–25%.’’ If the uses
of the pesticide product are expressed
as weight of active ingredient per unit
area, a statement of the weight of ac-
tive ingredient per unit volume of the
pesticide formulation shall also appear
in the ingredient statement.

(5) Accuracy of stated percentages. The
percentages given shall be as precise as
possible reflecting good manufacturing
practice. If there may be unavoidable
variation between manufacturing
batches, the value stated for each ac-
tive ingredient shall be the lowest per-
centage which may be present.

(6) Deterioration. Pesticides which
change in chemical composition sig-
nificantly must meet the following la-
beling requirements:
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(i) In cases where it is determined
that a pesticide formulation changes
chemical composition significantly,
the product must bear the following
statement in a prominent position on
the label: ‘‘Not for sale or use after
[date].’’

(ii) The product must meet all label
claims up to the expiration time indi-
cated on the label.

(7) Inert ingredients. The Adminis-
trator may require the name of any
inert ingredient(s) to be listed in the
ingredient statement if he determines
that such ingredient(s) may pose a haz-
ard to man or the environment.

(h) Warnings and precautionary state-
ments. Required warnings and pre-
cautionary statements concerning the

general areas of toxicological hazard
including hazard to children, environ-
mental hazard, and physical or chem-
ical hazard fall into two groups; those
required on the front panel of the label-
ing and those which may appear else-
where. Specific requirements con-
cerning content, placement, type size,
and prominence are given below.

(1) Required front panel statements.
With the exception of the child hazard
warning statement, the text required
on the front panel of the label is deter-
mined by the Toxicity Category of the
pesticide. The category is assigned on
the basis of the highest hazard shown
by any of the indicators in the table
below:

Hazard indicators
Toxicity categories

I II III IV

Oral LD50 ........... Up to and including 50
mg/kg.

From 50 thru 500 mg/kg From 500 thru 5000 mg/
kg.

Greater than 5000 mg/
kg.

Inhalation LC 50 .. Up to and including .2
mg/liter.

From .2 thru 2 mg/liter ... From 2. thru 20 mg/liter Greater than 20 mg/liter.

Dermal LD 50 ...... Up to and including 200
mg/kg.

From 200 thru 2000 ....... From 2,000 thru 20,000 Greater than 20,000.

Eye effects ........ Corrosive; corneal opac-
ity not reversible within
7 days.

Corneal opacity revers-
ible within 7 days; irri-
tation persisting for 7
days.

No corneal opacity; irrita-
tion reversible within 7
days.

No irritation.

Skin effects ........ Corrosive ........................ Severe irritation at 72
hours.

Moderate irritation at 72
hours.

Mild or slight irritation at
72 hours.

(i) Human hazard signal word—(A)
Toxicity Category I. All pesticide prod-
ucts meeting the criteria of Toxicity
Category I shall bear on the front panel
the signal word ‘‘Danger.’’ In addition
if the product was assigned to Toxicity
Category I on the basis of its oral, in-
halation or dermal toxicity (as distinct
from skin and eye local effects) the
word ‘‘Poison’’ shall appear in red on a
background of distinctly contrasting
color and the skull and crossbones
shall appear in immediate proximity to
the word ‘‘poison.’’

(B) Toxicity Category II. All pesticide
products meeting the criteria of Tox-
icity Category II shall bear on the
front panel the signal word ‘‘Warning.’’

(C) Toxicity Category III. All pesticide
products meeting the criteria of Tox-
icity Category III shall bear on the
front panel the signal word ‘‘Caution.’’

(D) Toxicity Category IV. All pesticide
products meeting the criteria of Tox-

icity Category IV shall bear on the
front panel the signal word ‘‘Caution.’’

(E) Use of signal words. Use of any sig-
nal word(s) associated with a higher
Toxicity Category is not permitted ex-
cept when the Agency determines that
such labeling is necessary to prevent
unreasonable adverse effects on man or
the environment. In no case shall more
than one human hazard signal word ap-
pear on the front panel of a label.

(ii) Child hazard warning. Every pes-
ticide product label shall bear on the
front panel the statement ‘‘keep out of
reach of children.’’ Only in cases where
the likelihood of contact with children
during distribution, marketing, storage
or use is demonstrated by the applicant
to be extremely remote, or if the na-
ture of the pesticide is such that it is
approved for use on infants or small
children, may the Administrator waive
this requirement.

(iii) Statement of practical treatment—
(A) Toxicity Category I. A statement of
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practical treatment (first aid or other)
shall appear on the front panel of the
label of all pesticides falling into Tox-
icity Category I on the basis of oral, in-
halation or dermal toxicity. The Agen-
cy may, however, permit reasonable
variations in the placement of the
statement of practical treatment is
some reference such as ‘‘See statement
of practical treatment on back panel’’
appears on the front panel near the
word ‘‘Poison’’ and the skull and cross-
bones.

(B) Other toxicity categories. The
statement of practical treatment is not
required on the front panel except as
described in paragraph (h)(1)(iii)(A) of
this section. The applicant may, how-
ever, include such a front panel state-
ment at his option. Statements of prac-
tical treatment are, however, required
elsewhere on the label in accord with
paragraph (h)(2) of this section if they
do not appear on the front panel.

(iv) Placement and prominence. All the
require front panel warning statements
shall be grouped together on the label,
and shall appear with sufficient promi-
nence relative to other front panel text
and graphic material to make them un-
likely to be overlooked under cus-
tomary conditions of purchase and use.
The following table shows the min-
imum type size requirements for the
front panel warning statements on var-
ious sizes of labels:

Size of label front panel in square
inches

Points

Required
signal

word, all
capitals

‘‘Keep out
of reach of
children’’

5 and under ................................... 6 6
Above 5 to 10 ................................ 10 6
Above 10 to 15 .............................. 12 8
Above 15 to 30 .............................. 14 10
Over 30 .......................................... 18 12

(2) Other required warnings and pre-
cautionary statements. The warnings and
precautionary statements as required
below shall appear together on the
label under the general heading ‘‘Pre-
cautionary Statements’’ and under ap-
propriate subheadings of ‘‘Hazard to
Humans and Domestic Animals,’’ ‘‘En-
vironmental Hazard’’ and ‘‘Physical or
Chemical Hazard.’’

(i) Hazard to humans and domestic ani-
mals. (A) Where a hazard exists to hu-
mans or domestic animals, pre-
cautionary statements are required in-
dicating the particular hazard, the
route(s) of exposure and the pre-
cautions to be taken to avoid accident,
injury or damage. The precautionary
paragraph shall be immediately pre-
ceded by the appropriate hazard signal
word.

(B) The following table depicts typ-
ical precautionary statements. These
statements must be modified or ex-
panded to reflect specific hazards.

Toxicity cat-
egory

Precautionary statements by toxicity category

Oral, inhalation, or dermal toxicity Skin and eye local effects

I .................... Fatal (poisonous) if swallowed [inhaled or absorbed
through skin]. Do not breathe vapor [dust or spray
mist]. Do not get in eyes, on skin, or on clothing
[Front panel statement of practical treatment re-
quired.].

Corrosive, causes eye and skin damage [or skin irrita-
tion]. Do not get in eyes, on skin, or on clothing.
Wear goggles or face shield and rubber gloves when
handling. Harmful or fatal if swallowed. [Appropriate
first aid statement required.]

II ................... May be fatal if swallowed [inhaled or absorbed through
the skin]. Do not breathe vapors [dust or spray mist].
Do not get in eyes, on skin, or on clothing. [Appro-
priate first aid statements required.].

Causes eye [and skin] irritation. Do not get in eyes, on
skin, or on clothing. Harmful if swallowed. [Appro-
priate first aid statement required.]

III .................. Harmful if swallowed [inhaled or absorbed through the
skin]. Avoid breathing vapors [dust or spray mist].
Avoid contact with skin [eyes or clothing]. [Appro-
priate first aid statement required.].

Avoid contact with skin, eyes or clothing. In case of
contact immediately flush eyes or skin with plenty of
water. Get medical attention if irritation persists.

IV ................. [No precautionary statements required.] ........................ [No precautionary statements required.]

(ii) Environmental hazards. Where a
hazard exists to non target organisms
excluding humans and domestic ani-
mals, precautionary statements are re-
quired stating the nature of the hazard
and the appropriate precautions to

avoid potential accident, injury or
damage. Examples of the hazard state-
ments and the circumstances under
which they are required follow:

(A) If a pesticide intended for outdoor
use contains an active ingredient with
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a mammalian acute oral LD50 of 100 or
less, the statement ‘‘This Pesticide is
Toxic to Wildlife’’ is required.

(B) If a pesticide intended for outdoor
use contains an active ingredient with
a fish acute LC50 of 1 ppm or less, the
statement ‘‘This Pesticide is Toxic to
Fish’’ is required.

(C) If a pesticide intended for outdoor
use contains an active ingredient with
an avian acute oral LD50 of 100 mg/kg
or less, or a subacute dietary LC50 of
500 ppm or less, the statement ‘‘This
Pesticide is Toxic to Wildlife’’ is re-
quired.

(D) If either accident history or field
studies demonstrate that use of the
pesticide may result in fatality to
birds, fish or mammals, the statement

‘‘This pesticide is extremely toxic to
wildlife (fish)’’ is required.

(E) For uses involving foliar applica-
tion to agricultural crops, forests, or
shade trees, or for mosquito abatement
treatments, pesticides toxic to polli-
nating insects must bear appropriate
label cautions.

(F) For all outdoor uses other than
aquatic applications the label must
bear the caution ‘‘Keep out of lakes,
ponds or streams. Do not contaminate
water by cleaning of equipment or dis-
posal of wastes.’’

(iii) Physical or chemical hazards. (A)
Warning statements on the flamma-
bility or explosive characteristics of all
pesticides are required as set out in
Table 1 and Table 2 of this paragraph
as follows:

TABLE 1—PRESSURIZED CONTAINERS

Flash Point Required Text

Flash point at or below 20 °F; if there is a flashback at any
valve opening

Extremely flammable. Contents under pressure. Keep away
from fire, sparks, and heated surfaces. Do not puncture or
incinerate container. Exposure to temperatures above 130 °F
may cause bursting

Flash point above 20 °F and not over 80 °F or if the flame ex-
tension is more than 18 inches long at a distance of 6 inches
from the flame

Flammable. Contents under pressure. Keep away from heat,
sparks, and open flame. Do not puncture or incinerate con-
tainer. Exposure to temperatures above 130 °F may cause
bursting

All other pressurized containers Contents under pressure. Do not use or store near heat or
open flame. Do not puncture or incinerate container. Expo-
sure to temperatures above 130 °F may cause bursting.

TABLE 2—NONPRESSURIZED CONTAINERS

Flash Point Required Text

At or below 20 °F Extremely flammable. Keep away from fire, sparks, and heated
surfaces.

Above 20 °F and not over 80 °F Flammable. Keep away from heat and open flame.

Above 80 °F and not over 150 °F Do not use or store near heat or open flame.

(B) A ‘‘total release fogger’’ is de-
fined as a pesticide product in a pres-
surized container designed to auto-
matically release the total contents in
one operation, for the purpose of cre-
ating a permeating fog within a con-
fined space to deliver the pesticide
throughout the space.

(C)(1) If the pesticide product is a
total release fogger containing a pro-
pellant with a flash point at or below
20 °F, then the following special in-
structions must be added to the ‘‘Phys-
ical and Chemical Hazards’’ warning
statement:

This product contains a highly flammable
ingredient. It may cause a fire or explosion if
not used properly. Follow the ‘‘Directions for
Use’’ on this label very carefully.

(2) A graphic symbol depicting fire
such as illustrated in this paragraph or
an equivalent symbol, must be dis-
played along with the required lan-
guage adjoining the ‘‘Physical and
Chemical Hazards’’ warning statement.
The graphic symbol must be no smaller
than twice the size of the first char-
acter of the human hazard signal word.
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(i) Directions for Use—(1) General re-
quirements—(i) Adequacy and clarity of
directions. Directions for use must be
stated in terms which can be easily
read and understood by the average
person likely to use or to supervise the
use of the pesticide. When followed, di-
rections must be adequate to protect
the public from fraud and from per-
sonal injury and to prevent unreason-
able adverse effects on the environ-
ment.

(ii) Placement of directions for use. Di-
rections may appear on any portion of
the label provided that they are con-
spicuous enough to be easily read by
the user of the pesticide product. Di-
rections for use may appear on printed
or graphic matter which accompanies
the pesticide provided that:

(A) If required by the Agency, such
printed or graphic matter is securely
attached to each package of the pes-
ticide, or placed within the outside
wrapper or bag;

(B) The label bears a reference to the
directions for use in accompanying
leaflets or circulars, such as ‘‘See di-
rections in the enclosed circular:’’ and

(C) The Administrator determines
that it is not necessary for such direc-
tions to appear on the label.

(iii) Exceptions to requirement for direc-
tion for use. (A) Detailed directions for
use may be omitted from labeling of
pesticides which are intended for use
only by manufacturers of products
other than pesticide products in their
regular manufacturing processes, pro-
vided that:

(1) The label clearly shows that the
product is intended for use only in
manufacturing processes and specifies
the type(s) of products involved.

(2) Adequate information such as
technical data sheets or bulletins, is
available to the trade specifying the
type of product involved and its proper
use in manufacturing processes;

(3) The product will not come into
the hands of the general public except
after incorporation into finished prod-
ucts; and

(4) The Administrator determines
that such directions are not necessary
to prevent unreasonable adverse effects
on man or the environment.

(B) Detailed directions for use may
be omitted from the labeling of pes-
ticide products for which sale is lim-
ited to physicians, veterinarians, or
druggists, provided that:

(1) The label clearly states that the
product is for use only by physicians or
veterinarians;

(2) The Administrator determines
that such directions are not necessary
to prevent unreasonable adverse effects
on man or the environment; and

(3) The product is also a drug and
regulated under the provisions of the
Federal Food, Drug and Cosmetic Act.

(C) Detailed directions for use may
be omitted from the labeling of pes-
ticide products which are intended for
use only by formulators in preparing
pesticides for sale to the public, pro-
vided that:

(1) There is information readily
available to the formulators on the
composition, toxicity, methods of use,
applicable restrictions or limitations,
and effectiveness of the product for
pesticide purposes;

(2) The label clearly states that the
product is intended for use only in
manufacturing, formulating, mixing,
or repacking for use as a pesticide and
specifies the type(s) of pesticide prod-
ucts involved;

(3) The product as finally manufac-
tured, formulated, mixed, or repack-
aged is registered; and

(4) The Administrator determines
that such directions are not necessary
to prevent unreasonable adverse effects
on man or the environment.

(2) Contents of Directions for Use. The
directions for use shall include the fol-
lowing, under the headings ‘‘Directions
for Use’’:

(i) The statement of use classifica-
tion as prescribed in paragraph (j) of
this section immediately under the
heading ‘‘Directions for Use.’’

(ii) Immediately below the statement
of use classification, the statement ‘‘It
is a violation of Federal law to use this
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product in a manner inconsistent with
its labeling.’’

(iii) The site(s) of application, as for
example the crops, animals, areas, or
objects to be treated.

(iv) The target pest(s) associated
with each site.

(v) The dosage rate associated with
each site and pest.

(vi) The method of application, in-
cluding instructions for dilution, if re-
quired, and type(s) of application appa-
ratus or equipment required.

(vii) The frequency and timing of ap-
plications necessary to obtain effective
results without causing unreasonable
adverse effects on the environment.

(viii) Worker protection statements
meeting the requirements of subpart K
of this part.

(ix) Specific directions concerning
the storage and disposal of the pes-
ticide and its container, meeting the
requirements of 40 CFR part 165. These
instructions shall be grouped and ap-
pear under the heading ‘‘Storage and
Disposal.’’ This heading must be set in
type of the same minimum sizes as re-
quired for the child hazard warning.
(See table in § 162.10(h)(1)(iv))

(x) Any limitations or restrictions on
use required to prevent unreasonable
adverse effects, such as:

(A) Required intervals between appli-
cation and harvest of food or feed
crops.

(B) Rotational crop restrictions.
(C) Warnings as required against use

on certain crops, animals, objects, or in
or adjacent to certain areas.

(D) For total release foggers as de-
fined in paragraph (h)(2)(iii)(B) of this
section, the following statements must
be included in the ‘‘Directions for
Use’’:

DO NOT use more than one fogger per
room. DO NOT use in small, enclosed spaces
such as closets, cabinets, or under counters
or tables. Do not use in a room 5 ft. x 5 ft.
or smaller; instead, allow fog to enter from
other rooms. Turn off ALL ignition sources
such as pilot lights (shut off gas valves),
other open flames, or running electrical ap-
pliances that cycle off and on (i.e., refrig-
erators, thermostats, etc.). Call your gas
utility or management company if you need
assistance with your pilot lights.’’

(E) For restricted use pesticides, a
statement that the pesticide may be
applied under the direct supervision of

a certified applicator who is not phys-
ically present at the site of application
but nonetheless available to the person
applying the pesticide, unless the
Agency has determined that the pes-
ticide may only be applied under the
direct supervision of a certified appli-
cator who is physically present.

(F) Other pertinent information
which the Administrator determines to
be necessary for the protection of man
and the environment.

(j) Statement of Use Classification. By
October 22, 1976, all pesticide products
must bear on their labels a statement
of use classification as described in
paragraphs (j) (1) and (2) of this sec-
tion. Any pesticide product for which
some uses are classified for general use
and others for restricted use shall be
separately labeled according to the la-
beling standards set forth in this sub-
section, and shall be marketed as sepa-
rate products with different registra-
tion numbers, one bearing directions
only for general use(s) and the other
bearing directions for restricted use(s)
except that, if a product has both re-
stricted use(s) and general use(s), both
of these uses may appear on a product
labeled for restricted use. Such prod-
ucts shall be subject to the provisions
of paragraph (j)(2) of this section.

(1) General Use Classification. Pes-
ticide products bearing directions for
use(s) classified general shall be la-
beled with the exact words ‘‘General
Classification’’ immediately below the
heading ‘‘Directions for Use.’’ And ref-
erence to the general classification
that suggests or implies that the gen-
eral utility of the pesticide extends be-
yond those purposes and uses contained
in the Directions for Use will be consid-
ered a false or misleading statement
under the statutory definitions of mis-
branding.

(2) Restricted Use Classification. Pes-
ticide products bearing direction for
use(s) classified restricted shall bear
statements of restricted use classifica-
tion on the front panel as described
below:

(i) Front panel statement of restricted
use classification. (A) At the top of the
front panel of the label, set in type of
the same minimum sizes as required
for human hazard signal words (see
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table in paragraph (h)(1)(iv) of this sec-
tion), and appearing with sufficient
prominence relative to other text and
graphic material on the front panel to
make it unlikely to be overlooked
under customary conditions of pur-
chase and use, the statement ‘‘Re-
stricted Use Pesticide’’ shall appear.

(B) Directly below this statement on
the front panel, a summary statement
of the terms of restriction imposed as a
precondition to registration shall ap-
pear. If use is restricted to certified ap-
plicators, the following statement is
required: ‘‘For retail sale to and use
only by Certified Applicators or per-
sons under their direct supervision and
only for those uses covered by the Cer-
tified Applicator’s certification.’’ If,
however, other regulatory restrictions
are imposed, the Administrator will de-
fine the appropriate wording for the
terms of restriction by regulation.

[40 FR 28268, July 3, 1975; 40 FR 32329, Aug. 1,
1975; 40 FR 36571, Aug. 21, 1975, as amended at
43 FR 5786, Feb. 9, 1978. Redesignated and
amended at 53 FR 15991, 15999, May 4, 1988; 57
FR 38146, Aug. 21, 1992; 60 FR 32096, June 19,
1995; 63 FR 9082, Feb. 23, 1998]

Subparts B–J [Reserved]

Subpart K—Worker Protection
Statements

SOURCE: 57 FR 38146, Aug. 21, 1992, unless
otherwise noted.

§ 156.200 Scope and applicability.

(a) Scope. (1) This subpart prescribes
statements that must be placed on the
pesticide label and in pesticide label-
ing. These statements incorporate by
reference the Worker Protection
Standard, part 170 of this chapter. The
requirements addressed in these state-
ments are designed to reduce the risk
of illness or injury resulting from
workers’ and pesticide handlers’ occu-
pational exposures to pesticides used in
the production of agricultural plants
on agricultural establishments as de-
fined in § 170.3 of this chapter. These
statements refer to specific workplace
practices designed to reduce or elimi-
nate exposure and to respond to emer-
gencies that may arise from the expo-
sures that may occur.

(2) This subpart prescribes interim
requirements that must be placed on
the pesticide label and in pesticide la-
beling. These interim requirements
pertain to restricted-entry intervals,
personal protective equipment, and no-
tification. On a case-by-case basis,
these interim requirements will be re-
viewed and may be revised during re-
registration or other agency review
processes.

(b) Applicability. (1) The requirements
of this subpart apply to each pesticide
product that bears directions for use in
the production of any agricultural
plant on any agricultural establish-
ment as defined in § 170.3 of this chap-
ter, or whose labeling reasonably per-
mits such use.

(2) The requirements of this subpart
do not apply to a product that bears di-
rections solely for uses excepted by
§ 170.202(b) of this chapter.

(c) Effective dates. (1) The effective
date of this subpart is October 20, 1992.

(2) No pesticide product bearing la-
beling amended and revised as required
by this subpart shall be distributed or
sold by a registrant prior to April 21,
1993.

(3) No product to which this subpart
applies shall be distributed or sold
without amended labeling by any reg-
istrant after April 21, 1994.

(4) No product to which this subpart
applies shall be distributed or sold
without amended labeling by any per-
son after October 23, 1995.

§ 156.203 Definitions.

Terms in this subpart have the same
meanings as they do in the Federal In-
secticide, Fungicide, and Rodenticide
Act, as amended. In addition, the fol-
lowing terms, as used in this subpart,
shall have the meanings stated below:

Fumigant means any pesticide prod-
uct that is a vapor or gas or forms a
vapor or gas on application and whose
method of pesticidal action is through
the gaseous state.

Restricted-entry interval means the
time after the end of a pesticide appli-
cation during which entry to the treat-
ed area is restricted.
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products which arises in the course of
litigation concerning the effects of
such products, regardless of when the
information is first acquired, provided
that neither of the provisions of para-
graphs (b)(3) or (b)(4) of this section are
met. Such information shall be sub-
mitted in the same manner and accord-
ing to the same schedules as it would
have to be submitted by a current reg-
istrant of a pesticide product to which
the information pertained.

[62 FR 49388, Sept. 19, 1997; 63 FR 33582, June
19, 1998]

§ 159.165 Toxicological and ecological
studies.

Adverse effects information must be
submitted as follows:

(a) Toxicological studies. (1) The re-
sults of a study of the toxicity of a pes-
ticide to humans or other non-target
domestic organisms if, relative to all
previously submitted studies, they
show an adverse effect under any of the
following conditions:

(i) That is in a different organ or tis-
sue of the test organism.

(ii) At a lower dosage, or after a
shorter exposure period, or after a
shorter latency period.

(iii) At a higher incidence or fre-
quency.

(iv) In a different species, strain, sex,
or generation of test organism.

(v) By a different route of exposure.
(2) Acute oral, acute dermal, acute

inhalation or skin and eye irritation
studies in which the only change in
toxicity is a numerical decrease in the
median lethal dose (LD50), median le-
thal concentration (LC50) or irritation
indices, are not reportable under this
part unless the results indicate a more
restrictive toxicity category for label-
ing under the criteria of 40 CFR
156.10(h).

(b) Ecological studies. The results of a
study of the toxicity of a pesticide to
terrestrial or aquatic wildlife or plants
if, relative to all previously submitted
studies, they show an adverse effect
under any of the following conditions:

(1) At levels 50 percent or more lower
than previous acute toxicity studies
with similar species, including deter-
minations of the median lethal dose
(LD50), median lethal concentration

(LC50), or median effective concentra-
tion (EC50).

(2) At lower levels in a chronic study
than previous studies with similar spe-
cies.

(3) In a study with a previously un-
tested species the results indicate the
chronic no observed effect level (NOEL)
is 10 percent or less of the lowest LC50

or LD50 for a similar species.
(4) For plants when tested at the

maximum label application rate or
less, if either of the following condi-
tions is met:

(i) More than 25 percent of terrestrial
plants show adverse effects on plant
life cycle functions and growth such as
germination, emergence, plant vigor,
reproduction and yields.

(ii) More than 50 percent of aquatic
plants show adverse effects on plant
life cycle functions and growth such as
germination, emergence, plant vigor,
reproduction and yields.

(c) Results from a study that dem-
onstrates any toxic effect (even if cor-
roborative of information already
known to the Agency), must be sub-
mitted if the pesticide is or has been
the subject of a Formal Review based
on that effect within 5 years of the
time the results are received. Within 30
calendar days of the publication of a
Notice of Commencement of a Formal
Review in the FEDERAL REGISTER, all
information which has become report-
able due to the commencement of the
Formal Review must be submitted.

(d) Incomplete studies. Information
from an incomplete study of the tox-
icity to any organism of a registered
pesticide product or any of its ingredi-
ents, impurities, metabolites, or deg-
radation products which would other-
wise be reportable under paragraphs
(a), (b) or (c) of this section must be
submitted if the information meets any
one of the folowing three sets of cri-
teria:

(1) Short-term studies. A study using a
test regimine lasting 90 calendar days
or less, and all of the following condi-
tions are met:

(i) All testing has been completed.
(ii) A preliminary data analysis or

gross pathological analysis has been
conducted.

(iii) Final analysis has not been com-
pleted.
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(iv) A reasonable period for comple-
tion of the final analysis not longer
than 90 calendar days following com-
pletion of testing has elapsed.

(v) Comparable information con-
cerning the results of a completed
study would be reportable.

(2) Long-term studies. A study using a
test regimine lasting 90 calendar days
or less, and all of the following condi-
tions are met:

(i) All testing has been completed.
(ii) A preliminary data analysis or

gross pathological analysis has been
conducted.

(iii) Final analysis has not been com-
pleted.

(iv) A reasonable period of comple-
tion of final analysis (not longer that 1
year following completion of testing)
has elapsed.

(v) Comparable information con-
cerning the results of a completed
study would be reportable.

(3) Serious adverse effects. Any study
in which testing or analysis of results
is not yet complete but in which seri-
ous adverse effects have already been
observed which may reasonably be at-
tributed to exposure to the substances
tested, because the effects observed in
exposed organisms differ from effects
observed in control organisms, are
atypical in view of historical experi-
ence with the organism tested, or oth-
erwise support a reasonable inference
of causation, and 30 days have passed
from the date the registrant first has
the information.

[62 FR 49388, Sept. 19, 1997; 63 FR 33582, June
19, 1998]

§ 159.167 Discontinued studies.
The fact that a study has been dis-

continued before the planned termi-
nation must be reported to EPA, with
the reason for termination, if submis-
sion of information concerning the
study is, or would have been, required
under this part.

§ 159.170 Human epidemiological and
exposure studies.

Information must be submitted
which concerns any study that a person
described in § 159.158(a) has concluded,
or might reasonably conclude, shows
that a correlation may exist between
exposure to a pesticide and observed

adverse effects in humans. Information
must also be submitted which concerns
exposure monitoring studies that indi-
cate higher levels of risk or exposure
than would be expected based on pre-
viously available reports, data, or ex-
posure estimates. Such information
must be submitted regardless of wheth-
er the registrant considers any ob-
served correlation or association to be
significant.

§ 159.178 Information on pesticides in
or on food, feed or water.

(a) Food and feed. Information must
be submitted if it shows that the pes-
ticide is present in or on food or feed at
a level in excess of established levels,
except that information on excess resi-
dues resulting solely from studies con-
ducted under authority of FIFRA sec-
tion 5 or under other controlled re-
search studies conducted to test a pes-
ticide product need not be submitted,
provided that the treated crop is not
marketed as a food or feed commodity.
The information to be submitted is the
same as that required in § 159.184(c)(1),
(2), (3), and (4)(iv)(E), (F), (G), and (H).

(b) Water. (1) Information must be
submitted if it shows that a pesticide is
present above the water reference level
in any of the following instances:

(i) Waters of the United States, as de-
fined in § 122.2 of this chapter, except
paragraph (d) of § 122.2.

(ii) Ground water.
(iii) Finished drinking water.
(2) If the lowest detectable amount of

the pesticide is reported, the detection
limit must also be reported.

(3) Information need not be sub-
mitted regarding the detection of a
pesticide in waters of the United States
or finished drinking water if the pes-
ticide is registered for use in finished
drinking water or surface water and
the amount detected does not exceed
the amounts reported by a registrant
in its application for registration, as
resulting in those waters from legal ap-
plications of the pesticide.

(4) Information need not be sub-
mitted concerning detections of pes-
ticides in waters of the United States,
ground water or finished drinking
water if the substance detected is an
inert ingredient, or a metabolite,
degradate, contaminant or impurity of
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AUTHORITY: 15 U.S.C. 1261–1278.

SOURCE: 38 FR 27012, Sept. 27, 1973, unless
otherwise noted.

§ 1500.1 Scope of subchapter.
Set forth in this subchapter C are the

regulations of the Consumer Product
Safety Commission issued pursuant to
and for the implementation of the Fed-
eral Hazardous Substances Act as
amended (see § 1500.3(a)(1)).

§ 1500.2 Authority.
Authority under the Federal Haz-

ardous Substances Act is vested in the
Consumer Product Safety Commission
by section 30(a) of the Consumer Prod-
uct Safety Act (15 U.S.C. 2079(a)).

§ 1500.3 Definitions.
(a) Certain terms used in this part. As

used in this part:
(1) Act means the Federal Hazardous

Substances Act (Pub. L. 86–613, 74 Stat.
372–81 (15 U.S.C. 1261–74)) as amended
by:

(i) The Child Protection Act of 1966
(Pub. L. 89–756, 80 Stat. 1303–05).

(ii) The Child Protection and Toy
Safety Act of 1969 (Pub. L. 91–113, 83
Stat. 187–90).

(iii) The Poison Prevention Pack-
aging Act of 1970 (Pub. L. 91–601, 84
Stat. 1670–74).

(2) Commission means the Consumer
Product Safety Commission estab-
lished May 14, 1973, pursuant to provi-
sions of the Consumer Product Safety
Act (Pub. L. 92–573, 86 Stat. 1207–33 (15
U.S.C. 2051–81)).

(b) Statutory definitions. Except for
the definitions given in section 2 (c)
and (d) of the act, which are obsolete,
the definitions set forth in section 2 of
the act are applicable to this part and
are repeated for convenience as follows
(some of these statutory definitions are
interpreted, supplemented, or provided
with alternatives in paragraph (c) of
this section):

(1) Territory means any territory or
possession of the United States, includ-
ing the District of Columbia and the
Commonwealth of Puerto Rico but ex-
cluding the Canal Zone.

(2) Interstate commerce means (i) com-
merce between any State or territory
and any place outside thereof and (ii)
commerce within the District of Co-

lumbia or within any territory not or-
ganized with a legislative body.

(3) Person includes an individual,
partnership, corporation, and associa-
tion.

(4)(i) Hazardous substance means:
(A) Any substance or mixture of sub-

stances which is toxic, corrosive, an ir-
ritant, a strong sensitizer, flammable
or combustible, or generates pressure
through decomposition, heat, or other
means, if such substance or mixture of
substances may cause substantial per-
sonal injury or substantial illness dur-
ing or as a proximate result of any cus-
tomary or reasonably foreseeable han-
dling or use, including reasonably fore-
seeable ingestion by children.

(B) Any substance which the Com-
mission by regulation finds, pursuant
to the provisions of section 3(a) of the
act, meet the requirements of section
2(f)(1)(A) of the act (restated in (A)
above).

(C) Any radioactive substance if,
with respect to such substance as used
in a particular class of article or as
packaged, the Commission determines
by regulation that the substance is suf-
ficiently hazardous to require labeling
in accordance with the act in order to
protect the public health.

(D) Any toy or other article intended
for use by children which the Commis-
sion by regulation determines, in ac-
cordance with section 3(e) of the act,
presents an electrical, mechanical, or
thermal hazard.

(ii) Hazardous substance shall not
apply to pesticides subject to the Fed-
eral Insecticide, Fungicide, and
Rodenticide Act, to foods, drugs, and
cosmetics subject to the Federal Food,
Drug, and Cosmetic Act, nor to sub-
stances intended for use as fuels when
stored in containers and used in the
heating, cooking, or refrigeration sys-
tem of a house. ‘‘Hazardous substance’’
shall apply, however, to any article
which is not itself a pesticide within
the meaning of the Federal Insecticide,
Fungicide, and Rodenticide Act but
which is a hazardous substance within
the meaning of section 2(f)(1) of the
Federal Hazardous Substances Act (re-
stated in paragraph (b)(4)(i) of this sec-
tion) by reason of bearing or con-
taining such a pesticide.
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(iii) Hazardous substance shall not in-
clude any source material, special nu-
clear material, or byproduct material
as defined in the Atomic Energy Act of
1954, as amended, and regulations
issued pursuant thereto by the Atomic
Energy Commission.

(5) Toxic shall apply to any substance
(other than a radioactive substance)
which has the capacity to produce per-
sonal injury or illness to man through
ingestion, inhalation, or absorption
through any body surface.

(6)(i) Highly toxic means any sub-
stance which falls within any of the
following categories:

(A) Produces death within 14 days in
half or more than half of a group of 10
or more laboratory white rats each
weighing between 200 and 300 grams, at
a single dose of 50 milligrams or less
per kilogram of body weight, when
orally administered; or

(B) Produces death within 14 days in
half or more than half of a group of 10
or more laboratory white rats each
weighing between 200 and 300 grams,
when inhaled continuously for a period
of 1 hour or less at an atmospheric con-
centration of 200 parts per million by
volume or less of gas or vapor or 2 mil-
ligrams per liter by volume or less of
mist or dust, provided such concentra-
tion is likely to be encountered by man
when the substance is used in any rea-
sonably foreseeable manner; or

(C) Produces death within 14 days in
half or more than half of a group of 10
or more rabbits tested in a dosage of
200 milligrams or less per kilogram of
body weight, when administered by
continuous contact with the bare skin
for 24 hours or less.

(ii) If the Commission finds that
available data on human experience
with any substance indicate results dif-
ferent from those obtained on animals
in the dosages and concentrations spec-
ified in paragraph (b)(6)(i) of this sec-
tion, the human data shall take prece-
dence.

(7) Corrosive means any substance
which in contact with living tissue will
cause destruction of tissue by chemical
action, but shall not refer to action on
inanimate surfaces.

(8) Irritant means any substance not
corrosive within the meaning of sec-
tion 2(i) of the act (restated in para-

graph (b)(7) of this section) which on
immediate, prolonged, or repeated con-
tact with normal living tissue will in-
duce a local inflammatory reaction.

(9) Strong sensitizer means a substance
which will cause on normal living tis-
sue through an allergic or
photodynamic process a hyper-
sensitivity which becomes evident on
reapplication of the same substance
and which is designated as such by the
Commission. Before designating any
substance as a strong sensitizer, the
Commission, upon consideration of the
frequency of occurrence and severity of
the reaction, shall find that the sub-
stance has a significant potential for
causing hypersensitivity.

(10) The terms extremely flammable,
flammable, and combustible as they
apply to any substances, liquid, solid,
or the contents of any self-pressurized
container, are defined by regulations
issued by the Commission and pub-
lished at § 1500.3(c)(6).

(11) Radioactive substance means a
substance which emits ionizing radi-
ation.

(12) Label means a display of written,
printed, or graphic matter upon the
immediate container of any substance
or, in the cases of an article which is
unpackaged or is not packaged in an
immediate container intended or suit-
able for delivery to the ultimate con-
sumer, a display of such matter di-
rectly upon the article involved or
upon a tag or other suitable material
affixed thereto. A requirement made by
or under authority of the act that any
word, statement, or other information
appear on the label shall not be consid-
ered to be complied with unless such
word, statement, or other information
also appears (i) on the outside con-
tainer or wrapper, if any there be, un-
less it is easily legible through the out-
side container or wrapper and (ii) on all
accompanying literature where there
are directions for use, written or other-
wise.

(13) Immediate container does not in-
clude package liners.

(14) Misbranded hazardous substance
means a hazardous substance (includ-
ing a toy, or other article intended for
use by children, which is a hazardous
substance, or which bears or contains a
hazardous substance in such manner as
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to be susceptible of access by a child to
whom such toy or other article is en-
trusted) intended, or packaged in a
form suitable, for use in the household
or by children, if the packaging or la-
beling of such substance is in violation
of an applicable regulation issued pur-
suant to section 3 or 4 of the Poison
Prevention Packaging Act of 1970 or if
such substance, except as otherwise
provided by or pursuant to section 3 of
the act (Federal Hazardous Substances
Act), fails to bear a label:

(i) Which states conspicuously:
(A) The name and place of business of

the manufacturer, packer, distributor,
or seller;

(B) The common or usual name or
the chemical name (if there be no com-
mon or usual name) of the hazardous
substance or of each component which
contributes substantially to its hazard,
unless the Commission by regulation
permits or requires the use of a recog-
nized generic name;

(C) The signal word ‘‘DANGER’’ on
substances which are extremely flam-
mable, corrosive, or highly toxic;

(D) The signal word ‘‘WARNING’’ or
‘‘CAUTION’’ on all other hazardous
substances;

(E) An affirmative statement of the
principal hazard or hazards, such as
‘‘Flammable,’’ ‘‘Combustible,’’ ‘‘Vapor
Harmful,’’ ‘‘Causes Burns,’’ ‘‘Absorbed
Through Skin,’’ or similar wording de-
scriptive of the hazard;

(F) Precautionary measures describ-
ing the action to be followed or avoid-
ed, except when modified by regulation
of the Commission pursuant to section
3 of the act;

(G) Instruction, when necessary or
appropriate, for first-aid treatment;

(H) The word Poison for any haz-
ardous substance which is defined as
‘‘highly toxic’’ by section 2(h) of the
act (restated in paragraph (b)(6) of this
section);

(I) Instructions for handling and stor-
age of packages which require special
care in handling or storage; and

(J) The statement (1) ‘‘Keep out of
the reach of children’’ or its practical
equivalent, or, (2) if the article is in-
tended for use by children and is not a
banned hazardous substance, adequate
directions for the protection of chil-
dren from the hazard; and

(ii) On which any statements re-
quired under section 2(p)(1) of the act
(restated in paragraph (b)(14)(i) of this
section) are located prominently and
are in the English language in con-
spicuous and legible type in contrast
by typography, layout, or color with
other printed matter on the label.

Misbranded hazardous substance also
means a household substance as de-
fined in section 2(2)(D) of the Poison
Prevention Packaging Act of 1970 if it
is a substance described in section
2(f)(1) of the Federal Hazardous Sub-
stances Act (restated in paragraph
(b)(4)(i)(A) of this section) and its pack-
aging or labeling is in violation of an
applicable regulation issued pursuant
to section 3 or 4 of the Poison Preven-
tion Packaging Act of 1970.

(15)(i) Banned hazardous substance
means:

(A) Any toy, or other article intended
for use by children, which is a haz-
ardous substance, or which bears or
contains a hazardous substance in such
manner as to be susceptible of access
by a child to whom such toy or other
article is entrusted; or

(B) Any hazardous substance in-
tended, or packaged in a form suitable,
for use in the household, which the
Commission by regulation classifies as
a ‘‘banned hazardous substance’’ on the
basis of a finding that, notwith-
standing such cautionary labeling as is
or may be required under the act for
that substance, the degree or nature of
the hazard involved in the presence or
use of such substance in households is
such that the objective of the protec-
tion of the public health and safety can
be adequately served only by keeping
such substance, when so intended or
packaged, out of the channels of inter-
state commerce; Provided, That the
Commission by regulation (1) shall ex-
empt from section 2(q)(1)(A) of the act
(restated in paragraph (b)(15)(i)(A) of
this section) articles, such as chem-
istry sets, which by reason of their
functional purpose require the inclu-
sion of the hazardous substance in-
volved, or necessarily present an elec-
trical, mechanical, or thermal hazard,
and which bear labeling giving ade-
quate directions and warnings for safe
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use and are intended for use by chil-
dren who have attained sufficient ma-
turity, and may reasonably be ex-
pected, to read and heed such direc-
tions and warnings, and (2) shall ex-
empt from section 2(q)(1)(A) of the act
(restated in paragraph (b)(15)(i)(A) of
this section), and provide for the label-
ing of, common fireworks (including
toy paper caps, cone fountains, cyl-
inder fountains, whistles without re-
port, and sparklers) to the extent that
the Commission determines that such
articles can be adequately labeled to
protect the purchasers and users there-
of.

(ii) Proceedings for the issuance,
amendment, or repeal of regulations
pursuant to section 2(q)(1)(B) of the act
(restated in paragraph (b)(15)(i)(B) of
this section) shall be governed by the
provisions of section 701 (e), (f), and (g)
of the Federal Food, Drug, and Cos-
metic Act: Provided, That if the Com-
mission finds that the distribution for
household use of the hazardous sub-
stance involved presents an imminent
hazard to the public health, the Com-
mission may by order published in the
FEDERAL REGISTER give notice of such
finding, and thereupon such substance
when intended or offered for household
use, or when so packaged as to be suit-
able for such use, shall be deemed to be
a ‘‘banned hazardous substance’’ pend-
ing the completion of proceedings re-
lating to the issuance of such regula-
tions.

(16) ‘‘Electrical hazard’’—an article
may be determined to present an elec-
trical hazard if, in normal use or when
subjected to reasonably foreseeable
damage or abuse, its design or manu-
facture may cause personal injury or
illness by electric shock.

(17) ‘‘Mechanical hazard’’—an article
may be determined to present a me-
chanical hazard if, in normal use or
when subjected to reasonably foresee-
able damage or abuse, its design or
manufacture presents an unreasonable
risk of personal injury or illness:

(i) From fracture, fragmentation, or
disassembly of the article;

(ii) From propulsion of the article (or
any part or accessory thereof);

(iii) From points or other protru-
sions, surfaces, edges, openings, or clo-
sures;

(iv) From moving parts;
(v) From lack or insufficiency of con-

trols to reduce or stop motion;
(vi) As a result of self-adhering char-

acteristics of the article;
(vii) Because the article (or any part

or accessory thereof) may be aspirated
or ingested;

(viii) Because of instability; or
(ix) Because of any other aspect of

the article’s design or manufacture.
(18) ‘‘Thermal hazard’’—an article

may be determined to present a ther-
mal hazard if, in normal use or when
subjected to reasonably foreseeable
damage or abuse, its design or manu-
facture presents an unreasonable risk
of personal injury or illness because of
heat as from heated parts, substances,
or surfaces.

(c) Certain statutory definitions inter-
preted, supplemented, or provided with al-
ternatives. The following items inter-
pret, supplement, or provide alter-
natives to definitions set forth in sec-
tion 2 of the act (and restated in para-
graph (b) of this section):

(1) To provide flexibility as to the
number of animals tested, the fol-
lowing is an alternative to the defini-
tion of ‘‘highly toxic’’ in section 2(h) of
the act (and paragraph (b)(6) of this
section); Highly toxic means:

(i) A substance determined by the
Commission to be highly toxic on the
basis of human experience; and/or

(ii) A substance that produces death
within 14 days in half or more than half
of a group of:

(A) White rats (each weighing be-
tween 200 and 300 grams) when a single
dose of 50 milligrams or less per kilo-
gram of body weight is administered
orally;

(B) White rats (each weighing be-
tween 200 and 300 grams) when a con-
centration of 200 parts per million by
volume or less of gas or vapor, or 2 mil-
ligrams per liter by volume or less of
mist or dust, is inhaled continuously
for 1 hour or less, if such concentration
is likely to be encountered by man
when the substance is used in any rea-
sonably foreseeable manner; and/or

(C) Rabbits (each weighing between
2.3 and 3.0 kilograms) when a dosage of
200 milligrams or less per kilogram of
body weight is administered by contin-
uous contact with the bare skin for 24
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hours or less by the method described
in § 1500.40.
The number of animals tested shall be
sufficient to give a statistically signifi-
cant result and shall be in conformity
with good pharmacological practices.

(2) To give specificity to the defini-
tion of ‘‘toxic’’ in section 2(g) of the
act (and restated in paragraph (b)(5) of
this section), the following supple-
ments that definition. The following
categories are not intended to be inclu-
sive.

(i) Acute toxicity. Toxic means any
substance that produces death within
14 days in half or more than half of a
group of:

(A) White rats (each weighing be-
tween 200 and 300 grams) when a single
dose of from 50 milligrams to 5 grams
per kilogram of body weight is admin-
istered orally. Substances falling in the
toxicity range between 500 milligrams
and 5 grams per kilogram of body
weight will be considered for exemp-
tion from some or all of the labeling
requirements of the act, under § 1500.82,
upon a showing that such labeling is
not needed because of the physical
form of the substances (solid, a thick
plastic, emulsion, etc.), the size or clo-
sure of the container, human experi-
ence with the article, or any other rel-
evant factors;

(B) White rats (each weighing be-
tween 200 and 300 grams) when an at-
mospheric concentration of more than
200 parts per million but not more than
20,000 parts per million by volume of
gas or vapor, or more than 2 but not
more than 200 milligrams per liter by
volume of mist or dust, is inhaled con-
tinuously for 1 hour or less, if such
concentration is likely to be encoun-
tered by man when the substance is
used in any reasonably foreseeable
manner: and/or

(C) Rabbits (each weighing between
2.3 and 3.0 kilograms) when a dosage of
more than 200 milligrams but not more
than 2 grams per kilogram of body
weight is administered by continuous
contact with the bare skin for 24 hours
by the method described in § 1500.40.
The number of animals tested shall be
sufficient to give a statistically signifi-
cant result and shall be in conformity
with good pharmacological practices.
‘‘Toxic’’ also applies to any substance

that is ‘‘toxic’’ (but not ‘‘highly toxic’’)
on the basis of human experience.

(ii) Chronic toxicity. A substance is
toxic because it presents a chronic haz-
ard if it falls into one of the following
categories. (For additional information
see the chronic toxicity guidelines at
16 CFR 1500.135.)

(A) For Carcinogens. A substance is
toxic if it is or contains a known or
probable human carcinogen.

(B) For Neurotoxicological Toxicants. A
substance is toxic if it is or contains a
known or probable human neurotoxin.

(C) For Developmental or Reproductive
Toxicants. A substance is toxic if it is
or contains a known or probable
human developmental or reproductive
toxicant.

(3) The definition of corrosive in sec-
tion 2(i) of the act (restated in para-
graph (b)(7) of this section) is inter-
preted to also mean the following: Cor-
rosive means a substance that causes
visible destruction or irreversible al-
terations in the tissue at the site of
contact. A test for a corrosive sub-
stance is whether, by human experi-
ence, such tissue destruction occurs at
the site of application. A substance
would be considered corrosive to the
skin if, when tested on the intact skin
of the albino rabbit by the technique
described in § 1500.41, the structure of
the tissue at the site of contact is de-
stroyed or changed irreversibly in 24
hours or less. Other appropriate tests
should be applied when contact of the
substance with other than skin tissue
is being considered.

(4) The definition of irritant in section
2(j) of the act (restated in paragraph
(b)(8) of this section) is supplemented
by the following: Irritant includes ‘‘pri-
mary irritant to the skin’’ as well as
substances irritant to the eye or to
mucous membranes. Primary irritant
means a substance that is not corrosive
and that human experience data indi-
cate is a primary irritant and/or means
a substance that results in an empir-
ical score of five or more when tested
by the method described in § 1500.41.
Eye irritant means a substance that
human experience data indicate is an
irritant to the eye and/or means a sub-
stance for which a positive test is ob-
tained when tested by the method de-
scribed in § 1500.42.
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(5) The definition of strong sensitizer
in section 2(k) of the Federal Haz-
ardous Substances Act (restated in 16
CFR 1500.3(b)(9)) is supplemented by
the following definitions:

(i) Sensitizer. A sensitizer is a sub-
stance that will induce an
immunologically-mediated (allergic)
response, including allergic
photosensitivity. This allergic reaction
will become evident upon reexposure to
the same substance. Occasionally, a
sensitizer will induce and elicit an al-
lergic response on first exposure by vir-
tue of active sensitization.

(ii) Strong. In determining that a sub-
stance is a ‘‘strong’’ sensitizer, the
Commission shall consider the avail-
able data for a number of factors.
These factors should include any or all
of the following (if available): Quan-
titative or qualitative risk assessment,
frequency of occurrence and range of
severity of reactions in healthy or sus-
ceptible populations, the result of ex-
perimental assays in animals or hu-
mans (considering dose-response fac-
tors), with human data taking prece-
dence over animal data, other data on
potency or bioavailability of sensi-
tizers, data on reactions to a cross-re-
acting substance or to a chemical that
metabolizes or degrades to form the
same or a cross-reacting substance, the
threshold of human sensitivity, epide-
miological studies, case histories, oc-
cupational studies, and other appro-
priate in vivo and in vitro test studies.

(iii) Severity of reaction. The minimal
severity of reaction for the purpose of
designating a material as a ‘‘strong
sensitizer’’ is a clinically important al-
lergic reaction. For example, strong
sensitizers may produce substantial ill-
ness, including any or all of the fol-
lowing: physical discomfort, distress,
hardship, and functional or structural
impairment. These may, but not nec-
essarily, require medical treatment or
produce loss of functional activities.

(iv) Significant potential for causing
hypersensitivity. ‘‘Significant potential
for causing hypersensitivity’’ is a rel-
ative determination that must be made
separately for each substance. It may
be based upon the chemical or func-
tional properties of the substance, doc-
umented medical evidence of allergic
reactions obtained from epidemiolog-

ical surveys or individual case reports,
controlled in vitro or in vivo experi-
mental assays, or susceptibility pro-
files in normal or allergic subjects.

(v) Normal living tissue. The allergic
hypersensitivity reaction occurs in
normal living tissues, including the
skin and other organ systems, such as
the respiratory or gastrointestinal
tract, either singularly or in combina-
tion, following sensitization by con-
tact, ingestion, or inhalation.

(6) The Consumer Product Safety
Commission, by the regulations pub-
lished in this section, defines the terms
extremely flammable, flammable, and com-
bustible, appearing in section 2(1) of the
Federal Hazardous Substances Act, as
follows:

(i) The term extremely flammable shall
apply to any substance which has a
flashpoint at or below 20 °F (¥6.7 °C) as
determined by the test method de-
scribed at § 1500.43a, except that, any
mixture having one component or more
with a flashpoint higher than 20 °F
(¥6.7 °C) which comprises at least 99
percent of the total volume of the mix-
ture is not considered to be an ex-
tremely flammable substance.

(ii) The term flammable shall apply to
any substance having a flashpoint
above 20 °F (¥6.7 °C) and below 100 °F
(37.8 °C), as determined by the method
described at § 1500.43a, except that:

(A) Any mixture having one compo-
nent or more with a flashpoint at or
above 100 °F (37.8 °C) which comprises
at least 99 percent of the total volume
of the mixture is not considered to be
a flammable substance; and

(B) Any mixture containing 24 per-
cent or less of water miscible alcohols,
by volume, in aqueous solution is not
considered to be flammable if the mix-
ture does not present a significant
flammability hazard when used by con-
sumers.

(iii) The term combustible shall apply
to any substance having a flashpoint at
or above 100 °F (37.8 °C) to and includ-
ing 150 °F (65.6 °C) as determined by the
test method described at § 1500.43a, ex-
cept that:

(A) Any mixture having one compo-
nent or more with a flashpoint higher
than 150 °F (65.6 °C) which comprises at
least 99 percent of the total volume of
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the mixture is not considered to be a
combustible hazardous substance; and

(B) Any mixture containing 24 per-
cent or less of water miscible alcohols,
by volume, in aqueous solution is not
considered to be combustible if the
mixture does not present a significant
flammability hazard when used by con-
sumers.

(iv) To determine flashpoint tem-
peratures for purposes of enforcing and
administering requirements of the Fed-
eral Hazardous Substances Act applica-
ble to ‘‘extremely flammable,’’ ‘‘flam-
mable,’’ and ‘‘combustible’’ hazardous
substances, the Commission will follow
the procedures set forth in § 1500.43a.
However, the Commission will allow
manufacturers and labelers of sub-
stances and products subject to those
requirements to rely on properly con-
ducted tests using the Tagliabue open-
cup method which was in effect prior to
the issuance of § 1500.43a (as published
at 38 FR 27012, September 27, 1973, and
set forth below), and the defintions of
the terms ‘‘extremely flammable,’’
‘‘flammable,’’ and ‘‘combustible’’ in
this section before its amendment (as
published at 38 FR 27012, September 27,
1983, and amended 38 FR 30105, Novem-
ber 1, 1973, set forth in the note fol-
lowing this section) if all of the fol-
lowing conditions are met:

(A) The substance or product was
subject to and complied with the re-
quirements of the Federal Hazardous
Substances Act for ‘‘extremely flam-
mable,’’ ‘‘flammable,’’ or ‘‘combus-
tible’’ hazardous substances before the
effective date of § 1500.43a; and

(B) No change has been made to the
formulation or labeling of such sub-
stance or product after the effective
date of § 1500.43a, prescribing a closed-
cup test apparatus and procedure.

(v) Extremely flammable solid means a
solid substance that ignites and burns
at an ambient temperature of 80 °F or
less when subjected to friction, percus-
sion, or electrical spark.

(vi) Flammable solid means a solid
substance that, when tested by the
method described in § 1500.44, ignites
and burns with a self-sustained flame
at a rate greater than one-tenth of an
inch per second along its major axis.

(vii) Extremely flammable contents of
self-pressurized container means con-

tents of a self-pressurized container
that, when tested by the method de-
scribed in § 1500.45, a flashback (a flame
extending back to the dispenser) is ob-
tained at any degree of valve opening
and the flashpoint, when tested by the
method described in § 1500.43a is less
than 20 °F (¥6.7 °C).

(viii) Flammable contents of self-pres-
surized container means contents of a
self-pressurized container that, when
tested by the method described in
§ 1500.45, a flame projection exceeding
18 inches is obtained at full valve open-
ing, or flashback (a flame extending
back to the dispenser) is obtained at
any degree of valve opening.

(7) The definition of hazardous sub-
stance in section 2(f)(1)(A) of the act
(restated in paragraph (b)(4)(i)(A) of
this section) is supplemented by the
following definitions or interpretations
or terms used therein:

(i) A substance or mixture of sub-
stances that ‘‘generates pressure
through decomposition, heat, or other
means’’ is a hazardous substance:

(A) If it explodes when subjected to
an electrical spark, percussion, or the
flame of a burning paraffin candle for 5
seconds or less.

(B) If it expels the closure of its con-
tainer, or bursts its container, when
held at or below 130 °F. for 2 days or
less.

(C) If it erupts from its opened con-
tainer at a temperature of 130 °F. or
less after having been held in the
closed container at 130 °F. for 2 days.

(D) If it comprises the contents of a
self-pressurized container.

(ii) Substantial personal injury or ill-
ness means any injury or illness of a
significant nature. It need not be se-
vere or serious. What is excluded by
the word ‘‘substantial’’ is a wholly in-
significant or negligible injury or ill-
ness.

(iii) Proximate result means a result
that follows in the course of events
without an unforeseeable, intervening,
independent cause.

(iv) Reasonably foreseeable handling or
use includes the reasonably foreseeable
accidental handling or use, not only by
the purchaser or intended user of the
product, but by all others in a house-
hold, especially children.
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(8) The definition of ‘‘radioactive
substance’’ in section 2(m) of the act
(restated in paragraph (b)(11) of this
section) is supplemented by the fol-
lowing: Radioactive substance means a
substance which, because of nuclear in-
stability, emits electromagnetic and/or
particulate radiation capable of pro-
ducing ions in its passage through mat-
ter. Source materials, special nuclear
material, and byproduct materials de-
scribed in section 2(f)(3) of the act are
exempt.

(9) In the definition of ‘‘label’’ in sec-
tion 2(n) of the act (restated in para-
graph (b)(12) of this section), a provi-
sion stipulates that words, statements,
or other information required to be on
the label must also appear on all ac-
companying literature where there are
directions for use, written or other-
wise. To make this provision more spe-
cific, ‘‘accompanying literature’’ is in-
terpreted to mean any placard, pam-
phlet, booklet, book, sign, or other
written, printed, or graphic matter or
visual device that provides directions
for use, written or otherwise, and that
is used in connection with the display,
sale, demonstration, or merchandising
of a hazardous substance intended for
or packaged in a form suitable for use
in the household or by children.

(10) The definition of ‘‘misbranded
hazardous substance’’ in section 2(p) of
this act (restated in paragraph (b)(14)
of this section) is supplemented by the
following definitions or interpretations
of terms used therein:

(i) Hazardous substances intended, or
packaged in a form suitable, for use in the
household means any hazardous sub-
stance, whether or not packaged, that
under any customary or reasonably
foreseeable condition of purchase, stor-
age, or use may be brought into or
around a house, apartment, or other
place where people dwell, or in or
around any related building or shed in-
cluding, but not limited to, a garage,
carport, barn, or storage shed. The
term includes articles, such as polishes
or cleaners, designed primarily for pro-
fessional use but which are available in
retail stores, such as hobby shops, for
nonprofessional use. Also included are
items, such as antifreeze and radiator
cleaners, that although principally for
car use may be stored in or around

dwelling places. The term does not in-
clude industrial supplies that might be
taken into a home by a serviceman. An
article labeled as, and marketed solely
for, industrial use does not become sub-
ject to this act because of the possi-
bility that an industrial worker may
take a supply for his own use. Size of
unit or container is not the only index
of whether the article is suitable for
use in or around the household; the
test shall be whether under any reason-
ably foreseeable condition of purchase,
storage, or use the article may be
found in or around a dwelling.

(ii) Conspicuously in section 2(p)(1) of
the act and prominently and conspicuous
in section 2(p)(2) of the act mean that,
under customary conditions of pur-
chase, storage, and use, the required
information shall be visible, notice-
able, and in clear and legible English.
Some factors affecting a warning’s
prominence and conspicuousness are:
Location, size of type, and contrast of
printing against background. Also
bearing on the effectiveness of a warn-
ing might be the effect of the package
contents if spilled on the label.

NOTE: The definitions of extremely flam-
mable, flammable, and combustible hazardous
substances set forth above in paragraphs
(b)(10) and (c)(6) are effective August 10, 1987.
The definitions remaining in effect until Au-
gust 10, 1987, as published at 38 FR 27012,
Sept. 27, 1973, and amended at 38 FR 30105,
Nov. 1, 1973, are set forth below. Manufactur-
ers and labelers of products subject to the
Federal Hazardous Substances Act may con-
tinue to use these definitions for labeling of
those products under the conditions set forth
in § 1500.3(c)(6)(iv), as amended.

(b)(10) Extremely flammable shall apply to
any substance which has a flashpoint at or
below 20 °F. as determined by the Tagliabue
Open Cup Tester; flammable shall apply to
any substance which has a flashpoint of
above 20 °F., to and including 80 °F., as deter-
mined by the Tagliabue Open Cup Tester;
and combustible shall apply to any substance
which has a flashpoint above 80 °F. to and in-
cluding 150 °F., as determined by the
Tagliabue Open Cup Tester; except that the
flammability or combustibility of solids and
of the contents of self-pressurized containers
shall be determined by methods found by the
Commission to be generally applicable to
such materials or containers, respectively,
and established by regulations issued by the
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Commission, which regulations shall also de-
fine the terms flammable, combustible, and ex-
tremely flammable in accord with such meth-
ods.

* * * * *

(c)(6)(i) Extremely flammable means any sub-
stance that has a flashpoint at or below 20
°F. as determined by the method described in
§ 1500.43.

(ii) Flammable means any substance that
has a flashpoint of above 20 °F., to and in-
cluding 80 °F., as determined by the method
described in § 1500.43.

[38 FR 27012, Sept. 27, 1973, as amended at 38
FR 30105, Nov. 1, 1973; 49 FR 22465, May 30,
1984; 51 FR 28536, Aug. 8, 1986; 51 FR 29096,
Aug. 14, 1986; 51 FR 30209, Aug. 25, 1986; 57 FR
46669, Oct. 9, 1992]

§ 1500.4 Human experience with haz-
ardous substances.

(a) Reliable data on human experi-
ence with any substance should be
taken into account in determining
whether an article is a ‘‘hazardous sub-
stance’’ within the meaning of the act.
When such data give reliable results
different from results with animal
data, the human experience takes prec-
edence.

(b) Experience may show that an ar-
ticle is more or less toxic, irritant, or
corrosive to man than to test animals.
It may show other factors that are im-
portant in determining the degree of
hazard to humans represented by the
substance. For example, experience
shows that radiator antifreeze is likely
to be stored in the household or garage
and likely to be ingested in significant
quantities by some persons. It also
shows that a particular substance in
liquid form is more likely to be in-
gested than the same substance in a
paste or a solid and that an aerosol is
more likely to get into the eyes and
the nasal passages than a liquid.

§ 1500.5 Hazardous mixtures.
For a mixture of substances, the de-

termination of whether the mixture is
a ‘‘hazardous substance’’ as defined by
section 2(f) of the act (repeated in
§ 1500.3(b)(4)) should be based on the
physical, chemical, and pharma-
cological characteristics of the mix-
ture. A mixture of substances may
therefore be less hazardous or more
hazardous than its components because

of synergistic or antagonistic reac-
tions. It may not be possible to reach a
fully satisfactory decision concerning
the toxic, irritant, corrosive, flam-
mable, sensitizing, or pressure-gener-
ating properties of a substance from
what is known about its components or
ingredients. The mixture itself should
be tested.

§ 1500.12 Products declared to be haz-
ardous substances under section
3(a) of the act.

(a) The Commission finds that the
following articles are hazardous sub-
stances within the meaning of the act
because they are capable of causing
substantial personal injury or substan-
tial illness during or as a proximate re-
sult of any customary or reasonably
foreseeable handling or use:

(1) Charcoal briquettes and other
forms of charcoal in containers for re-
tail sale and intended for cooking or
heating.

(2) [Reserved]
(b) [Reserved]

§ 1500.13 Listing of ‘‘strong sensitizer’’
substances.

On the basis of frequency of occur-
rence and severity of reaction informa-
tion, the Commission finds that the
following substances have a significant
potential for causing hypersensitivity
and therefore meet the definition for
‘‘strong sensitizer’’ in section 2(k) of
the act (repeated in § 1500.3(b)(9)):

(a) Paraphenylenediamine and prod-
ucts containing it.

(b) Powdered orris root and products
containing it.

(c) Epoxy resins systems containing
in any concentration ethylenediamine,
diethylenetriamine, and diglycidyl
ethers of molecular weight of less than
200.

(d) Formaldehyde and products con-
taining 1 percent or more of formalde-
hyde.

(e) Oil of bergamot and products con-
taining 2 percent or more of oil of ber-
gamot.

§ 1500.14 Products requiring special
labeling under section 3(b) of the
act.

(a) Human experience, as reported in
the scientific literature and to the Poi-
son Control Centers and the National
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1995, if the non-identical requirement
was in effect on October 2, 1993.

[60 FR 10752, Feb. 27, 1995, as amended at 60
FR 41802, Aug. 14, 1995]

§ 1500.40 Method of testing toxic sub-
stances.

The method of testing the toxic sub-
stances referred to in § 1500.3(c)
(1)(ii)(C) and (2)(iii) is as follows:

(a) Acute dermal toxicity (single expo-
sure). In the acute exposures, the agent
is held in contact with the skin by
means of a sleeve for periods varying
up to 24 hours. The sleeve, made of rub-
ber dam or other impervious material,
is so constructed that the ends are re-
inforced with additional strips and
should fit snugly around the trunk of
the animal. The ends of the sleeve are
tucked, permitting the central portion
to ‘‘balloon’’ and furnish a reservoir for
the dose. The reservoir must have suffi-

cient capacity to contain the dose
without pressure. In the following
table are given the dimensions of
sleeves and the approximate body sur-
face exposed to the test substance. The
sleeves may vary in size to accommo-
date smaller or larger subjects. In the
testing of unctuous materials that ad-
here readily to the skin, mesh wire
screen may be employed instead of the
sleeve. The screen is padded and raised
approximately 2 centimeters from the
exposed skin. In the case of dry powder
preparations, the skin and substance
are moistened with physiological sa-
line prior to exposure. The sleeve or
screen is then slipped over the gauze
that holds the dose applied to the skin.
In the case of finely divided powders,
the measured dose is evenly distributed
on cotton gauze which is then secured
to the area of exposure.

DIMENSIONS OF SLEEVES FOR ACUTE DERMAL TOXICITY TEST
[Test animal—Rabbits]

Measurements in centimeters Range of weight of ani-
mals (grams)

Average area of exposure
(square centimeters)

Average percentage
of total body surfaceDiameter at ends Overall length

7.0 12.5 2,500–3,500 240 10.7

(b) Preparation of test animal. The ani-
mals are prepared by clipping the skin
of the trunk free of hair. Approxi-
mately one-half of the animals are fur-
ther prepared by making epidermal
abrasions every 2 or 3 centimeters lon-
gitudinally over the area of exposure.
The abrasions are sufficiently deep to
penetrate the stratum corneum (horny
layer of the epidermis) but not to
distrub the derma; that is, not to ob-
tain bleeding.

(c) Procedures for testing. The sleeve is
slipped onto the animal which is then
placed in a comfortable but immo-
bilized position in a multiple animal
holder. Selected doses of liquids and so-
lutions are introduced under the
sleeve. If there is slight leakage from
the sleeve, which may occur during the
first few hours of exposure, it is col-
lected and reapplied. Dosage levels are
adjusted in subsequent exposures (if
necessary) to enable a calculation of a
dose that would be fatal to 50 percent

of the animals. This can be determined
from mortality ratios obtained at var-
ious doses employed. At the end of 24
hours the sleeves or screens are re-
moved, the volume of unabsorbed ma-
terial (if any) is measured, and the skin
reactions are noted. The subjects are
cleaned by thorough wiping, observed
for gross symptoms of poisoning, and
then observed for 2 weeks.

§ 1500.41 Method of testing primary ir-
ritant substances.

Primary irritation to the skin is
measured by a patch-test technique on
the abraded and intact skin of the al-
bino rabbit, clipped free of hair. A min-
imum of six subjects are used in ab-
raded and intact skin tests. Introduce
under a square patch, such as surgical
gauze measuring 1 inch by 1 inch and
two single layers thick, 0.5 milliliter
(in the case of liquids) or 0.5 gram (in
the case of solids and semisolids) of the
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test substance. Dissolve solids in an ap-
propriate solvent and apply the solu-
tion as for liquids. The animals are im-
mobilized with patches secured in place
by adhesive tape. The entire trunk of
the animal is then wrapped with an im-
pervious material, such as rubberized
cloth, for the 24-hour period of expo-
sure. This material aids in maintaining
the test patches in position and retards
the evaporation of volatile substances.
After 24 hours of exposure, the patches
are removed and the resulting reac-
tions are evaluated on the basis of the
designated values in the following
table:

Skin reaction Value 1

Erythema and eschar formation:
No erythema ................................................... 0
Very slight erythema (barely perceptible) ...... 1
Well-defined erythema ................................... 2
Moderate to severe erythema ........................ 3
Severe erythema (beet redness) to slight

eschar formations (injuries in depth) .......... 4
Edema formation:

No edema ....................................................... 0
Very slight edema (barely perceptible) .......... 1
Slight edema (edges of area well defined by

definite raising) ........................................... 2
Moderate edema (raised approximately 1

millimeter) ................................................... 3
Severe edema (raised more than 1 millimeter

and extending beyond the area of expo-
sure) ............................................................ 4

1 The ‘‘value’’ recorded for each reading is the average
value of the six or more animals subject to the test.

Readings are again made at the end of
a total of 72 hours (48 hours after the
first reading). An equal number of ex-
posures are made on areas of skin that
have been previously abraded. The
abrasions are minor incisions through
the stratum corneum, but not suffi-
ciently deep to disturb the derma or to
produce bleeding. Evaluate the reac-
tions of the abraded skin at 24 hours
and 72 hours, as described in this para-
graph. Add the values for erythema and
eschar formation at 24 hours and at 72
hours for intact skin to the values on
abraded skin at 24 hours and at 72
hours (four values). Similarly, add the
values for edema formation at 24 hours
and at 72 hours for intact and abraded
skin (four values). The total of the
eight values is divided by four to give
the primary irritation score; for exam-
ple:

Skin reaction
Exposure

time
(hours)

Evalua-
tion value

Erythema and eschar formation:
Intact skin ................................... 24 2

Do ........................................... 72 1
Abraded skin .............................. 24 3

Do ........................................... 72 2

Subtotal ............................ ................ 8

Edema formation:
Intact skin ................................... 24 0

Do ........................................... 72 1
Abraded skin .............................. 24 1

Do ........................................... 72 2

Subtotal ............................ ................ 4

Total ................................. ................ 12

Thus, the primary irritation score is
12÷4=3.

§ 1500.42 Test for eye irritants.
(a)(1) Six albino rabbits are used for

each test substance. Animal facilities
for such procedures shall be so designed
and maintained as to exclude sawdust,
wood chips, or other extraneous mate-
rials that might produce eye irritation.
Both eyes of each animal in the test
group shall be examined before testing,
and only those animals without eye de-
fects or irritation shall be used. The
animal is held firmly but gently until
quiet. The test material is placed in
one eye of each animal by gently pull-
ing the lower lid away from the eyeball
to form a cup into which the test sub-
stance is dropped. The lids are then
gently held together for one second and
the animal is released. The other eye,
remaining untreated, serves as a con-
trol. For testing liquids, 0.1 milliliter
is used. For solids or pastes, 100 milli-
grams of the test substance is used, ex-
cept that for substances in flake, gran-
ule, powder, or other particulate form
the amount that has a volume of 0.1
milliliter (after compacting as much as
possible without crushing or altering
the individual particles, such as by tap-
ping the measuring container) shall be
used whenever this volume weighs less
than 100 milligrams. In such a case, the
weight of the 0.1 milliliter test dose
should be recorded. The eyes are not
washed following instillation of test
material except as noted below.

(2) The eyes are examined and the
grade of ocular reaction is recorded at
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1 The Illustrated Guide is out of print and,
as of January 1, 1981, no longer available.
However, information about the test method,
and black and white photocopies may be ob-
tained by writing to the Directorate for Epi-
demiology and Health Sciences, CPSC, Wash-
ington, D.C. 20207, (301) 504–0957.

24, 48, and 72 hours. Reading of reac-
tions is facilitated by use of a bin-
ocular loupe, hand slit-lamp, or other
expert means. After the recording of
observations at 24 hours, any or all
eyes may be further examined after ap-
plying fluorescein. For this optional
test, one drop of fluorescein sodium
ophthalmic solution U.S.P. or equiva-
lent is dropped directly on the cornea.
After flushing out the excess fluores-
cein with sodium chloride solution
U.S.P. or equivalent, injured areas of
the cornea appear yellow; this is best
visualized in a darkened room under ul-
traviolet illumination. Any or all eyes
may be washed with sodium chloride
solution U.S.P. or equivalent after the
24-hour reading.

(b)(1) An animal shall be considered
as exhibiting a positive reaction if the
test substance produces at any of the
readings ulceration of the cornea
(other than a fine stippling), or opacity
of the cornea (other than a slight
dulling of the normal luster), or in-
flammation of the iris (other than a
slight deepening of the folds (or rugae)
or a slight circumcorneal injection of
the blood vessels), or if such substance
produces in the conjunctivae (exclud-
ing the cornea and iris) an obvious
swelling with partial eversion of the
lids or a diffuse crimson-red with indi-
vidual vessels not easily discernible.

(2) The test shall be considered posi-
tive if four or more of the animals in
the test group exhibit a positive reac-
tion. If only one animal exhibits a posi-
tive reaction, the test shall be regarded
as negative. If two or three animals a
positive reaction, the test is repeated
using a different group of six animals.
The second test shall be considered
positive if three or more of the animals
exhibit a positive reaction. If only one
or two animals in the second test ex-
hibit a positive reaction, the test shall
be repeated with a different group of
six animals. Should a third test be
needed, the substance will be regarded
as an irritant if any animal exhibits a
positive response.

(c) To assist testing laboratories and
other interested persons in inter-

preting the results obtained when a
substance is tested in accordance with
the method described in paragraph (a)
of this section, an ‘‘Illustrated Guide
for Grading Eye Irritation by Haz-
ardous Substances’’ will be sold by the
Superintendent of Documents, U.S.
Government Printing Office, Wash-
ington, D.C. 20402. 1 The guide will con-
tain color plates depicting responses of
varying intensity to specific test solu-
tions. The grade of response and the
substance used to produce the response
will be indicated.

[38 FR 27012, Sept. 27, 1973; 38 FR 30105, Nov.
1, 1973; 62 FR 46667, Sept. 4, 1997]

§ 1500.43 Method of test for flashpoint
of volatile flammable materials by
Tagliabue open-cup apparatus.

SCOPE

1. (a) This method describes a test proce-
dure for the determination of open-cup
flashpoints of volatile flammable materials
having flashpoints below 175 °F.

(b) This method, when applied to paints
and resin solutions which tend to skin over
or which are very viscous, gives less repro-
ducible results than when applied to sol-
vents.
OUTLINE OF METHOD

2. The sample is placed in the cup of a Tag
Open Tester, and heated at a slow but con-
stant rate. A small test flame is passed at a
uniform rate across the cup at specified in-
tervals. The flashpoint is taken as the lowest
temperature at which application of the test
flame causes the vapor at the surface of the
liquid to flash, that is, ignite but not con-
tinue to burn.
APPARATUS

3. The Tag open-cup tester is illustrated in
Fig. 1. It consists of the following parts,
which must conform to the dimensions
shown, and have the additional characteris-
tics as noted:
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(6) Type F. Organic peroxide type F is
an organic peroxide which will not det-
onate in a cavitated state, does not
deflagrate, shows only a low, or no, ef-
fect if heated when confined, and has
low, or no, explosive power.

(7) Type G. Organic peroxide type G is
an organic peroxide which will not det-
onate in a cavitated state, will not
deflagrate at all, shows no effect when
heated under confinement, and shows
no explosive power. A type G organic
peroxide is not subject to the require-
ments of this subchapter for organic
peroxides of Division 5.2 provided that
it is thermally stable (self-accelerating
decomposition temperature is 50 °C (122
°F) or higher for a 50 kg (110 pounds)
package). An organic peroxide meeting
all characteristics of type G except
thermal stability and requiring tem-
perature control is classed as a type F,
temperature control organic peroxide.

(c) Procedure for assigning an organic
peroxide to a generic type. An organic
peroxide shall be assigned to a generic
type based on—

(1) Its physical state (i.e., liquid or
solid), in accordance with the defini-
tions for liquid and solid in § 171.8 of
this subchapter;

(2) A determination as to its control
temperature and emergency tempera-
ture, if any, under the provisions of
§ 173.21(f); and

(3) Performance of the organic per-
oxide under the test procedures speci-
fied in the UN Manual of Tests and Cri-
teria, and the provisions of paragraph
(d) of this section.

(d) Approvals. (1) An organic peroxide
must be approved, in writing, by the
Associate Administrator for Hazardous
Materials Safety, before being offered
for transportation or transported, in-
cluding assignment of a generic type
and shipping description, except for—

(i) An organic peroxide which is iden-
tified by technical name in the Organic
Peroxides Table in § 173.225(b);

(ii) A mixture of organic peroxides
prepared according to § 173.225(c)(5); or

(iii) An organic peroxide which may
be shipped as a sample under the provi-
sions of § 173.225(c).

(2) A person applying for an approval
must submit all relevant data con-
cerning physical state, temperature
controls, and tests results or an ap-

proval issued for the organic peroxide
by the competent authority of a for-
eign government.

(e) Tests. The generic type for an or-
ganic peroxide shall be determined
using the testing protocol from Figure
20.1(a) (Classification and Flow Chart
Scheme for Organic Peroxides) from
the UN Manual of Tests and Criteria.

[Amdt. 173–224, 55 FR 52634, Dec. 21, 1990, as
amended at 56 FR 66268, Dec. 20, 1991; Amdt.
173–234, 58 FR 51532, Oct. 1, 1993; Amdt. 173–
241, 59 FR 67508, Dec. 29, 1994; Amdt. 173–261,
62 FR 24732, May 6, 1997]

§ 173.129 Class 5, Division 5.2—Assign-
ment of packing group.

All Division 5.2 materials are as-
signed to Packing Group II in column 5
of the § 172.101 table.

§ 173.132 Class 6, Division 6.1—Defini-
tions.

(a) For the purpose of this sub-
chapter, poisonous material (Division
6.1) means a material, other than a gas,
which is known to be so toxic to hu-
mans as to afford a hazard to health
during transportation, or which, in the
absence of adequate data on human
toxicity:

(1) Is presumed to be toxic to humans
because it falls within any one of the
following categories when tested on
laboratory animals (whenever possible,
animal test data that has been re-
ported in the chemical literature
should be used):

(i) Oral Toxicity. A liquid with an
LD50 for acute oral toxicity of not more
than 500 mg/kg or a solid with an LD50

for acute oral toxicity of not more
than 200 mg/kg.

(ii) Dermal Toxicity. A material with
an LD50 for acute dermal toxicity of
not more than 1000 mg/kg.

(iii) Inhalation Toxicity. (A) A dust or
mist with an LC50 for acute toxicity on
inhalation of not more than 10 mg/L; or

(B) A material with a saturated
vapor concentration in air at 20 °C (68
°F) of more than one-fifth of the LC50

for acute toxicity on inhalation of va-
pors and with an LC50 for acute tox-
icity on inhalation of vapors of not
more than 5000 ml/m3; or

(2) Is an irritating material, with
properties similar to tear gas, which
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causes extreme irritation, especially in
confined spaces.

(b) For the purposes of this sub-
chapter—

(1) LD50 for acute oral toxicity means
that dose of the material administered
to both male and female young adult
albino rats which causes death within
14 days in half the animals tested. The
number of animals tested must be suf-
ficient to give statistically valid re-
sults and be in conformity with good
pharmacological practices. The result
is expressed in mg/kg body mass.

(2) LD50 for acute dermal toxicity
means that dose of the material which,
administered by continuous contact for
24 hours with the shaved intact skin
(avoiding abrading) of an albino rabbit,
causes death within 14 days in half of
the animals tested. The number of ani-
mals tested must be sufficient to give
statistically valid results and be in
conformity with good pharmacological
practices. The result is expressed in
mg/kg body mass.

(3) LC50 for acute toxicity on inhala-
tion means that concentration of
vapor, mist, or dust which, adminis-
tered by continuous inhalation for one
hour to both male and female young
adult albino rats, causes death within
14 days in half of the animals tested. If
the material is administered to the
animals as a dust or mist, more than 90
percent of the particles available for
inhalation in the test must have a di-
ameter of 10 microns or less if it is rea-
sonably foreseeable that such con-
centrations could be encountered by a
human during transport. The result is
expressed in mg/L of air for dusts and
mists or in mL/m3 of air (parts per mil-
lion) for vapors. See § 173.133(b) for LC50

determination for mixtures and for
limit tests.

(i) When provisions of this sub-
chapter require the use of the LC50 for
acute toxicity on inhalation of dusts
and mists based on a one-hour exposure
and such data is not available, the LC50

for acute toxicity on inhalation based
on a four-hour exposure may be multi-
plied by four and the product sub-
stituted for the one-hour LC50 for acute
toxicity on inhalation.

(ii) When the provisions of this sub-
chapter require the use of the LC50 for
acute toxicity on inhalation of vapors

based on a one-hour exposure and such
data is not available, the LC50 for acute
toxicity on inhalation based on a four-
hour exposure may be multiplied by
two and the product substituted for the
one-hour LC50 for acute toxicity on in-
halation.

(iii) A solid substance should be test-
ed if at least 10 percent of its total
mass is likely to be dust in a respirable
range, e.g. the aerodynamic diameter
of that particle-fraction is 10 microns
or less. A liquid substance should be
tested if a mist is likely to be gen-
erated in a leakage of the transport
containment. In carrying out the test
both for solid and liquid substances,
more than 90% (by mass) of a specimen
prepared for inhalation toxicity testing
must be in the respirable range as de-
fined in this paragraph (b)(3)(iii).

(c) For purposes of classifying and as-
signing packing groups to mixtures
possessing oral or dermal toxicity haz-
ards according to the criteria in
§ 173.133(a)(1), it is necessary to deter-
mine the acute LD50 of the mixture. If
a mixture contains more than one ac-
tive constituent, one of the following
methods may be used to determine the
oral or dermal LD50 of the mixture:

(1) Obtain reliable acute oral and der-
mal toxicity data on the actual mix-
ture to be transported;

(2) If reliable, accurate data is not
available, classify the formulation ac-
cording to the most hazardous con-
stituent of the mixture as if that con-
stituent were present in the same con-
centration as the total concentration
of all active constituents; or

(3) If reliable, accurate data is not
available, apply the formula:

C

T

C

T

C

T T
A

A

B

B

Z

Z M

= + = 100

where:
C = the % concentration of constituent A, B

... Z in the mixture;
T = the oral LD50 values of constituent A, B

... Z;
TM = the oral LD50 value of the mixture.

NOTE TO FORMULA IN PARAGRAPH (C)(3): This
formula also may be used for dermal
toxicities provided that this information is
available on the same species for all con-
stituents. The use of this formula does not
take into account any potentiation or pro-
tective phenomena.
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(d) The foregoing categories shall not
apply if the Associate Administrator
for Hazardous Materials Safety has de-
termined that the physical characteris-
tics of the material or its probable haz-
ards to humans as shown by docu-
mented experience indicate that the
material will not cause serious sick-
ness or death.

[Amdt. 173–224, 55 FR 52634, Dec. 21, 1990, as
amended at 56 FR 66268, Dec. 20, 1991; Amdt.
173–234, 58 FR 51532, Oct. 1, 1993; Amdt. 173–
261, 62 FR 24732, May 6, 1997; 62 FR 45702, Au-
gust 28, 1997]

§ 173.133 Assignment of packing group
and hazard zones for Division 6.1
materials.

(a) The packing group of Division 6.1
materials shall be as assigned in col-
umn 5 of the § 172.101 table. When the
§ 172.101 table provides more than one
packing group or hazard zone for a haz-
ardous material, the packing group and
hazard zone shall be determined by ap-
plying the following criteria:

(1) The packing group assignment for
routes of administration other than in-
halation of vapors shall be in accord-
ance with the following table:

Packing Group Oral toxicity LD50 (mg/kg) Dermal toxicity LD50 (mg/kg) Inhalation toxicity by dusts
and mists LC50 (mg/L)

I ............................... ≤ 5 ............................................................ ≤ 40 ≤ 0.5
II .............................. > 5, ≤ 50 .................................................. > 40, ≤ 200 > 0.5, ≤2
III ............................. solids: > 50, ≤ 200; liquids: > 50, ≤ 500 > 200, ≤ 1000 > 2, ≤ 10

(2)(i) The packing group and hazard
zone assignments for liquids (see
§ 173.115(c) of this subpart for gases)

based on inhalation of vapors shall be
in accordance with the following table:

Packing Group Vapor concentration and toxicity

I (Hazard Zone A) ...................................... V ≥ 500 LC50 and LC50 ≤ 200 mL/M3.
I (Hazard Zone B) ...................................... V ≥ 10 LC50; LC50 ≤ 1000 mL/m3; and the criteria for Packing Group I, Hazard Zone

A are not met.
II ................................................................. V ≥ LC50; LC50 ≤ 3000 mL/m3; and the criteria for Packing Group I, are not met.
III ................................................................ V ≥ .2 LC50; LC50 ≤ 5000 mL/m3; and the criteria for Packing Groups I and II, are

not met.

Note 1: V is the saturated vapor concentration in air of the material in mL/m3 at 20C° and standard atmospheric pressure.
Note 2: A liquid in Division 6.1 meeting criteria for Packing Group I, Hazard Zones A or B stated in paragraph (a)(2) of this

section is a material poisonous by inhalation subject to the additional hazard communication requirements in §§ 172.203(m)(3),
172.313 and table 1 of § 172.504(e) of this subchapter.

(ii) These criteria are represented
graphically in Figure 1:
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(d) The foregoing categories shall not
apply if the Associate Administrator
for Hazardous Materials Safety has de-
termined that the physical characteris-
tics of the material or its probable haz-
ards to humans as shown by docu-
mented experience indicate that the
material will not cause serious sick-
ness or death.

[Amdt. 173–224, 55 FR 52634, Dec. 21, 1990, as
amended at 56 FR 66268, Dec. 20, 1991; Amdt.
173–234, 58 FR 51532, Oct. 1, 1993; Amdt. 173–
261, 62 FR 24732, May 6, 1997; 62 FR 45702, Au-
gust 28, 1997]

§ 173.133 Assignment of packing group
and hazard zones for Division 6.1
materials.

(a) The packing group of Division 6.1
materials shall be as assigned in col-
umn 5 of the § 172.101 table. When the
§ 172.101 table provides more than one
packing group or hazard zone for a haz-
ardous material, the packing group and
hazard zone shall be determined by ap-
plying the following criteria:

(1) The packing group assignment for
routes of administration other than in-
halation of vapors shall be in accord-
ance with the following table:

Packing Group Oral toxicity LD50 (mg/kg) Dermal toxicity LD50 (mg/kg) Inhalation toxicity by dusts
and mists LC50 (mg/L)

I ............................... ≤ 5 ............................................................ ≤ 40 ≤ 0.5
II .............................. > 5, ≤ 50 .................................................. > 40, ≤ 200 > 0.5, ≤2
III ............................. solids: > 50, ≤ 200; liquids: > 50, ≤ 500 > 200, ≤ 1000 > 2, ≤ 10

(2)(i) The packing group and hazard
zone assignments for liquids (see
§ 173.115(c) of this subpart for gases)

based on inhalation of vapors shall be
in accordance with the following table:

Packing Group Vapor concentration and toxicity

I (Hazard Zone A) ...................................... V ≥ 500 LC50 and LC50 ≤ 200 mL/M3.
I (Hazard Zone B) ...................................... V ≥ 10 LC50; LC50 ≤ 1000 mL/m3; and the criteria for Packing Group I, Hazard Zone

A are not met.
II ................................................................. V ≥ LC50; LC50 ≤ 3000 mL/m3; and the criteria for Packing Group I, are not met.
III ................................................................ V ≥ .2 LC50; LC50 ≤ 5000 mL/m3; and the criteria for Packing Groups I and II, are

not met.

Note 1: V is the saturated vapor concentration in air of the material in mL/m3 at 20C° and standard atmospheric pressure.
Note 2: A liquid in Division 6.1 meeting criteria for Packing Group I, Hazard Zones A or B stated in paragraph (a)(2) of this

section is a material poisonous by inhalation subject to the additional hazard communication requirements in §§ 172.203(m)(3),
172.313 and table 1 of § 172.504(e) of this subchapter.

(ii) These criteria are represented
graphically in Figure 1:
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(3) When the packing group deter-
mined by applying these criteria is dif-
ferent for two or more (oral, dermal or
inhalation) routes of administration,

the packing group assigned to the ma-
terial shall be that indicated for the
highest degree of toxicity for any of
the routes of administration.
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(4) Notwithstanding the provisions of
this paragraph, the packing group and
hazard zone of a tear gas substance is
as assigned in column 5 of the § 172.101
table.

(b) The packing group and hazard
zone for Division 6.1 mixtures that are
poisonous (toxic) by inhalation may be
determined by one of the following
methods:

(1) Where LC50 data is available on
each of the poisonous (toxic) sub-
stances comprising the mixture—

(i) The LC50 of the mixture is esti-
mated using the formula:

LC mixture
f

LC

i

ii

n
50

1

50
1

( ) =

=
∑

where

fi = mole fraction of the ith component sub-
stance of the liquid.

LC50i = mean lethal concentration of the ith

component substance in ml/m3

(ii) The volatility of each component
substance is estimated using the for-
mula:

V P ml mi i= ×
10

101 3

6
3

.
/

where:

Pi = partial pressure of the ith component
substance in kPa at 20 °C and one atmos-
pheric pressure. Pi may be calculated ac-
cording to Raoult’s Law using appropriate
activity coefficients. Where activity coeffi-
cients are not available, the coefficient
may be assumed to be 1.0.

(iii) The ratio of the volatility to the
LC50 is calculated using the formula:

R
V

L
i

c ii

n

=
=
∑

501

(iv) Using the calculated values LC50
(mixture) and R, the packing group for
the mixture is determined as follows:

Packaging group
(hazard zone) Ratio of volatility and LC50

I (Hazard Zone A) .. R ≥ 500 and LC50 (mixture) ≤ 200 ml/
m3.

I (Hazard Zone B) .. R ≥ 10 and LC50 (mixture) ≤ 1000 ml/
m3; and the criteria for Packing
Group I, Hazard Zone A, are not
met.

Packaging group
(hazard zone) Ratio of volatility and LC50

II ............................. R ≥ 1 and LC50 (mixture) ≤ 3000 ml/
m3; and the criteria for Packing
Group I, Hazard Zones A and B are
not met.

III ............................ R ≥ 1/5 and LC50 (mixture) ≤ 5000 ml/
m3; and the criteria for Packing
Group I, Hazard Zones A and B, and
Packing Group II are not met.

(2) In the absence of LC50 data on the
poisonous (toxic) constituent sub-
stances, the mixture may be assigned a
packing group and hazard zone based
on the following simplified threshold
toxicity tests. When these threshold
tests are used, the most restrictive
packing group and hazard zone must be
determined and used for the transpor-
tation of the mixture.

(i) A mixture is assigned to Packing
Group I, Hazard Zone A only if both the
following criteria are met:

(A) A sample of the liquid mixture is
vaporized and diluted with air to create
a test atmosphere of 200 ml/m3 vapor-
ized mixture in air. Ten albino rats
(five male and five female) are exposed
to the test atmosphere as determined
by an analytical method appropriate
for the material being classified for one
hour and observed for fourteen days. If
five or more of the animals die within
the fourteen-day observation period,
the mixture is presumed to have an
LC50 equal to or less than 200 ml/m3.

(B) A sample of the vapor in equi-
librium with the liquid mixture is di-
luted with 499 equal volumes of air to
form a test atmosphere. Ten albino
rats (five male and five female) are ex-
posed to the test atmosphere for one
hour and observed for fourteen days. If
five or more of the animals die within
the fourteen-day observation period,
the mixture is presumed to have a vol-
atility equal to or greater than 500
times the mixture LC50.

(ii) A mixture is assigned to Packing
Group I, Hazard Zone B only if both the
following criteria are met, and the
mixture does not meet the criteria for
Packing Group I, Hazard Zone A:

(A) A sample of the liquid mixture is
vaporized and diluted with air to create
a test atmosphere of 1000 ml/m3 vapor-
ized mixture in air. Ten albino rats
(five male and five female) are exposed
to the test atmosphere for one hour
and observed for fourteen days. If five
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or more of the animals die within the
fourteen-day observation period, the
mixture is presumed to have an LC50
equal to or less than 1000 ml/m3.

(B) A sample of the vapor in equi-
librium with the liquid mixture is di-
luted with 9 equal volumes of air to
form a test atmosphere. Ten albino
rats (five male and five female) are ex-
posed to the test atmosphere for one
hour and observed for fourteen days. If
five or more of the animals die within
the fourteen-day observation period,
the mixture is presumed to have a vol-
atility equal to or greater than 10
times the mixture LC50.

(iii) A mixture is assigned to Packing
Group II only if both the following cri-
teria are met, and the mixture does not
meet the criteria for Packing Group I
(Hazard Zones A or B):

(A) A sample of the liquid mixture is
vaporized and diluted with air to create
a test atmosphere of 3000 ml/m3 vapor-
ized mixture in air. Ten albino rats
(five male and five female) are exposed
to the test atmosphere for one hour
and observed for fourteen days. If five
or more of the animals die within the
fourteen-day observation period, the
mixture is presumed to have an LC50
equal to or less than 3000 ml/m3.

(B) A sample of the vapor in equi-
librium with the liquid mixture is used
to form a test atmosphere. Ten albino
rats (five male and five female) are ex-
posed to the test atmosphere for one
hour and observed for fourteen days. If
five or more of the animals die within
the fourteen-day observation period,
the mixture is presumed to have a vol-
atility equal to or greater than the
mixture LC50.

(iv) A mixture is assigned to Packing
Group III only if both the following cri-
teria are met, and the mixture does not
meet the criteria for Packing Groups I
(Hazard Zones A or B) or Packing
Group II (Hazard Zone C):

(A) A sample of the liquid mixture is
vaporized and diluted with air to create
a test atmosphere of 5000 ml/m3 vapor-
ized mixture in air. Ten albino rats
(five male and five female) are exposed
to the test atmosphere for one hour
and observed for fourteen days. If five
or more of the animals die within the
fourteen-day observation period, the

mixture is presumed to have an LC50
equal to or less than 5000 ml/m3.

(B) The vapor pressure of the liquid
mixture is measured and if the vapor
concentration is equal to or greater
than 1000 ml/m3, the mixture is pre-
sumed to have a volatility equal to or
greater than 1⁄5 the mixture LC50.

[Amdt. 173–224, 55 FR 52634, Dec. 21, 1990, as
amended at 56 FR 66268–66270, Dec. 20, 1991; 57
FR 45461–45463, Oct. 1, 1992; Amdt. 173–234, 58
FR 51532, Oct. 1, 1993; Amdt. 173–138, 59 FR
49133, Sept. 26, 1994; Amdt. 173–255, 61 FR
50626, Sept. 26, 1996]

§ 173.134 Class 6, Division 6.2—Defini-
tions, exceptions and packing group
assignments.

(a) Definitions. For the purposes of
this subchapter, the categories of ma-
terials that constitute Division 6.2 are
defined as follows:

(1) An infectious substance means a
viable microorganism, or its toxin,
that causes or may cause disease in hu-
mans or animals, and includes those
agents listed in 42 CFR 72.3 of the regu-
lations of the Department of Health
and Human Services and any other
agent that causes or may cause severe,
disabling or fatal disease. The terms in-
fectious substance and etiologic agent are
synonymous.

(2) A diagnostic specimen means any
human or animal material including,
but not limited to, excreta, secreta,
blood, blood components, tissue, and
tissue fluids, being shipped for purposes
of diagnosis.

(3) A biological product means a mate-
rial that is prepared and manufactured
in accordance with the provisions of 9
CFR part 102 (Licenses for biological
products), 9 CFR part 103 (Experi-
mental products, distribution, and
evaluation of biological products prior
to licensing), 9 CFR part 104 (Permits
for biological products), 21 CFR part
312 (Investigational new drug applica-
tion), or 21 CFR parts 600 to 680 (Bio-
logics).

(4) A regulated medical waste means a
waste or reusable material, other than
a culture or stock of an infectious sub-
stance, that contains an infectious sub-
stance and is generated in—

(i) The diagnosis, treatment or im-
munization of human beings or ani-
mals;
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SYM
BOL PS_NAME1

HAZ 
CLASS

UN 
NUMBER

PACK 
GROUP LABEL SPEC_PROV EXCEPTIONS NONBULK BULK PASS_AIR CARGO_AIR

V
E
S
S
E
L VESSELSP

2-Chloroethanal 6.1 UN2232 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 40

2-Methyl-2-heptanethiol 6.1 UN3023 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 40, 102

D 3,5-Dichloro-2,4,6-trifluoropyridine 6.1 NA9264 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden A40, 95

Acetone cyanohydrin, stabilized 6.1 UN1541 I 6.1 2, A3, B9, B14, B32, B76, B77, N34, 
T38, T43, T45

None 227 244 Forbidden 30 L D 25, 40, 49

Acrolein, inhibited 6.1 UN1092 I 6.1, 3 1, B9, B14, B30, B42, B72, B77, T38, 
T43, T44

None 226 244 Forbidden Forbidden D 40

G Alkaloids, liquid, n.o.s., or Alkaloid salts, liquid, n.o.s. 6.1 UN3140 I 6.1 A4, T42 None 201 243 1 L 30 L A

G Alkaloids, solid, n.o.s. or Alkaloid salts, solid, n.o.s. 
poisonous

6.1 UN1544 I 6.1 None 211 242 5 kg 50 kg A

Allyl alcohol 6.1 UN1098 I 6.1, 3 2, B9, B14, B32, B74, B77, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 40

Allyl chloroformate 6.1 UN1722 I 6.1, 3, 8 2, B9, B14, B32, B74, N41, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 40

Allylamine 6.1 UN2334 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 40

Aluminum phosphide pesticides 6.1 UN3048 I 6.1 A8 None 211 242 Forbidden 15 kg E40, 85
Arsenic acid, liquid 6.1 UN1553 I 6.1 T18, T27 None 201 243 1 L 30 L B46
Arsenic compounds, liquid, n.o.s. inorganic, including 
arsenates n.o.s.; arsenites, n.o.s.; arsenic sulfides, 
n.o.s.; and organic compounds of arsenic, n.o.s.

6.1 UN1556 I 6.1 None 201 243 1 L 30 L B40

Arsenic compounds, solid, n.o.s. inorganic, including 
arsenates, n.o.s.; arsenites, n.o.s.; arsenic sulfides, 
n.o.s.; and organic compounds of arsenic, n.o.s.

6.1 UN1557 I 6.1 None 211 242 5 kg 50 kg A

Arsenic trichloride 6.1 UN1560 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden B40

Arsenical pesticides, liquid, toxic 6.1 UN2994 I 6.1 T42 None 201 243 1 L 30 L B40
Arsenical pesticides, liquid, toxic, flammable flashpoint 
not less than 23 degrees C

6.1 UN2993 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Arsenical pesticides, solid, toxic 6.1 UN2759 I 6.1 None 211 242 5 kg 50 kg A40
Barium cyanide 6.1 UN1565 I 6.1 N74, N75 None 211 242 5 kg 50 kg A26, 40
Bipyridilium pesticides, liquid, toxic 6.1 UN3016 I 6.1 T42 None 201 243 1 L 30 L B40
Bipyridilium pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3015 I 6.1, 3 T42 None 201 243 1 L 30 L B21, 40

Bipyridilium pesticides, solid, toxic 6.1 UN2781 I 6.1 None 211 242 5 kg 50 kg A40
Bromobenzyl cyanides, liquid 6.1 UN1694 I 6.1 T18 None 201 243 Forbidden 30 L D 12, 40
Bromobenzyl cyanides, solid 6.1 UN1694 I 6.1 T18 None 211 242 Forbidden 50 kg D 12, 40
Brucine 6.1 UN1570 I 6.1 None 211 242 5 kg 50 kg A
Cadmium compounds 6.1 UN2570 I 6.1 None 211 242 5 kg 50 kg A
Calcium cyanide 6.1 UN1575 I 6.1 N79, N80 None 211 242 5 kg 50 kg A26, 40
Carbamate pesticides, liquid, toxic 6.1 UN2992 I 6.1 T42 None 201 243 1 L 30 L B40
Carbamate pesticides, liquid, toxic, flammable, flash 
point not less than 23 degrees C

6.1 UN2991 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Carbamate pesticides, solid, toxic 6.1 UN2757 I 6.1 None 211 242 5 kg 50 kg A40
Chloroacetone, stabilized 6.1 UN1695 I 6.1, 3, 8 2, B9, B14, B32, B74, N12, N32, N34, 

T38, T43, T45
None 227 244 Forbidden Forbidden D 20, 40, 95

Chloroacetyl chloride 6.1 UN1752 I 6.1, 8 2, A3, A6, A7, B3, B8, B9, B14, B32, 
B74, B77, N34, N43, T38, T43, T45

None 227 244 Forbidden Forbidden D 40

+ Chloropicrin 6.1 UN1580 I 6.1 2, B7, B9, B14, B32, B46, B74, T38, 
T43, T45

None 227 244 Forbidden Forbidden D 40

Chloropicrin mixtures, n.o.s. 6.1 UN1583 I 6.1 5 None 201 243 Forbidden Forbidden C 40
D Chloropivaloyl chloride 6.1 NA9263 I 6.1, 8 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden B40

D, G Compounds, tree killing, liquid or Compounds, weed 
killing, liquid

6.1 NA2810 I 6.1 None 201 243 1 L 30 L B40

Copper based pesticides, liquid, toxic 6.1 UN3010 I 6.1 T42 None 201 243 1 L 30 L B40
Copper based pesticides, liquid, toxic, flammable 
flashpoint not less than 23 degrees C

6.1 UN3009 I 6.1, 3 T42 None 201 243 1 L 30 L B40
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Copper based pesticides, solid, toxic 6.1 UN2775 I 6.1 None 211 242 5 kg 50 kg A40
Coumarin derivative pesticides, liquid, toxic 6.1 UN3026 I 6.1 None 201 243 1 L 30 L B40
Coumarin derivative pesticides, liquid, toxic, flammable 
flashpoint not less than 23 degrees C

6.1 UN3025 I 6.1, 3 None 201 243 1 L 30 L B40

Coumarin derivative pesticides, solid, toxic 6.1 UN3027 I 6.1 None 211 242 5 kg 50 kg A40
Crotonaldehyde, stabilized 6.1 UN1143 I 6.1, 3 2, B9, B14, B32, B74, B77, T38, T43, 

T45
None 227 244 Forbidden 30 L B40

Cyanide solutions, n.o.s. 6.1 UN1935 I 6.1 B37, T18, T26 None 201 243 1 L 30 L B40, 52
Cyanides, inorganic, solid, n.o.s. 6.1 UN1588 I 6.1 N74, N75 None 211 242 5 kg 50 kg A52
Cyanogen bromide 6.1 UN1889 I 6.1, 8 A6, A8 None 211 242 1 kg 15 kg D 40
Cyclohexyl isocyanate 6.1 UN2488 I 6.1, 3 2, B9, B14, B32, B74, B77, T38, T43, 

T45
None 227 244 Forbidden Forbidden D 20, 40, 95

Dichlorodimethyl ether, symmetrical 6.1 UN2249 I 6.1 T25 None 201 243 Forbidden Forbidden D 40
Diketene, inhibited 6.1 UN2521 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 40, 49

Dimethyl sulfate 6.1 UN1595 I 6.1, 8 2, B9, B14, B32, B74, B77, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 40

Dimethylhydrazine, symmetrical 6.1 UN2382 I 6.1, 3 2, B9, B14, B32, B74, B77, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 40

Dimethylhydrazine, unsymmetrical 6.1 UN1163 I 6.1, 3, 8 2, B7, B9, B14, B32, B74, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 21, 38, 40, 100

Diphenylamine chloroarsine 6.1 UN1698 I 6.1 None 201 None Forbidden Forbidden D 40
Diphenylchloroarsine, liquid 6.1 UN1699 I 6.1 A8, B14, B32, N33, N34 None 201 243 Forbidden 30 L D 40
Diphenylchloroarsine, solid 6.1 UN1699 I 6.1 A8, B14, B32, N33, N34 None 211 242 Forbidden 15 kg D 40

G Disinfectants, liquid, toxic, n.o.s 6.1 UN3142 I 6.1 A4, T42 None 201 243 1 L 30 L A40
G Dyes, solid, toxic, n.o.s. or Dye intermediates, solid, 

toxic, n.o.s.
6.1 UN3143 I 6.1 A5 None 211 242 5 kg 50 kg A

Epibromohydrin 6.1 UN2558 I 6.1, 3 T18, T26 None 201 243 Forbidden Forbidden D 40
Ethyl chloroformate 6.1 UN1182 I 6.1, 3, 8 2, A3, A6, A7, B9, B14, B32, B74, 

N34, T38, T43, T45
None 227 244 Forbidden Forbidden D 21, 40, 100

D Ethyl phosphonothioic dichloride, anhydrous 6.1 NA2927 I 6.1, 8 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 20, 40, 95

D Ethyl phosphorodichloridate 6.1 NA2927 I 6.1, 8 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 20, 40, 95

D Ethyl phosphorus dichloride, anhydrous pyrophoric 
liquid

6.1 NA2845 I 6.1, 4.2 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 18

Ethyldichloroarsine 6.1 UN1892 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 40

Ethylene chlorohydrin 6.1 UN1135 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 40

Ethylene dibromide 6.1 UN1605 I 6.1 2, B9, B14, B32, B74, B77, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 40

Ethyleneimine, inhibited 6.1 UN1185 I 6.1, 3 1, B9, B14, B30, B72, B77, N25, N32, 
T38, T43, T44

None 226 244 Forbidden Forbidden D 40

Fluoroacetic acid 6.1 UN2642 I 6.1 B100 None 211 242 1 kg 15 kg E
Hexachlorocyclopentadiene 6.1 UN2646 I 6.1 2, B9, B14, B32, B74, B77, T38, T43, 

T45
None 227 244 Forbidden Forbidden D 40

Hydrocyanic acid, aqueous solutions or Hydrogen 
cyanide, aqueous solutions with not more than 20 
percent hydrogen cyanide

6.1 UN1613 I 6.1 2, B61, B65, B77, B82 None 195 244 Forbidden Forbidden D 40

Hydrogen cyanide, solution in alcohol with not more 
than 45 percent hydrogen cyanide

6.1 UN3294 I 6.1, 3 2, 25, B9, B14, B32, B74, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 40

Hydrogen cyanide, stabilized with less than 3 percent 
water

6.1 UN1051 I 6.1, 3 1, B35, B61, B65, B77, B82 None 195 244 Forbidden Forbidden D 40

Hydrogen cyanide, stabilized, with less than 3 percent 
water and absorbed in a porous inert material

6.1 UN1614 I 6.1 5 None 195 None Forbidden Forbidden D 25, 40

Iron pentacarbonyl 6.1 UN1994 I 6.1, 3 1, B9, B14, B30, B72, B77, T38, T43, 
T44

None 192 244 Forbidden Forbidden D 40

D Isobutyl chloroformate 6.1 NA2742 I 6.1, 3, 8 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 1 L 30 L A12, 13, 22, 25, 
40, 48, 100

Isopropyl chloroformate 6.1 UN2407 I 6.1, 3, 8 2, B9, B14, B32, B74, B77, T38, T43, 
T45

None 227 244 Forbidden Forbidden B40

+ Mercuric potassium cyanide 6.1 UN1626 I 6.1 N74, N75 None 211 242 5 kg 50 kg A26
Mercury based pesticides, liquid, toxic 6.1 UN3012 I 6.1 T42 None 201 243 1 L 30 L B40
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Mercury based pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3011 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Mercury based pesticides, solid, toxic 6.1 UN2777 I 6.1 None 211 242 5 kg 50 kg A40
Mercury compounds, liquid, n.o.s. 6.1 UN2024 I 6.1 None 201 243 1 L 30 L B40
Mercury compounds, solid, n.o.s. 6.1 UN2025 I 6.1 None 211 242 5 kg 50 kg A
Metal carbonyls, n.o.s. 6.1 UN3281 I 6.1 5 None 201 243 1 L 30 L B40
Methanesulfonyl chloride 6.1 UN3246 I 6.1, 8 2, 25, B9, B14, B32, B74, T38, T43, 

T45
None 227 244 Forbidden Forbidden D 40

Methyl bromide and ethylene dibromide mixtures, 
liquid

6.1 UN1647 I 6.1 2, B9, B14, B32, B74, N65, T38, T43, 
T45

None 227 244 Forbidden 30 L C 40

Methyl chloroacetate 6.1 UN2295 I 6.1, 3 T42 None 201 243 1 L 30 L D
Methyl chloroformate 6.1 UN1238 I 6.1, 3, 8 1, B9, B14, B30, B72, N34, T38, T43, 

T44
None 226 244 Forbidden Forbidden D 21, 40, 100

Methyl chloromethyl ether 6.1 UN1239 I 6.1, 3 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden D 40

Methyl iodide 6.1 UN2644 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden A12, 40

Methyl isocyanate 6.1 UN2480 I 6.1, 3 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden D 26, 40

Methyl isothiocyanate 6.1 UN2477 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden A

Methyl orthosilicate 6.1 UN2606 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden 30 L E40

D Methyl phosphonic dichloride 6.1 NA9206 I 6.1, 8 2, A3, B9, B14, B32, B74, N34, N43, 
T38, T43, T45

None 227 244 Forbidden Forbidden C

D Methyl phosphorus dichloride, pyrophoric liquid 6.1 NA2845 I 6.1, 4.2 2, B9, B14, B16, B32, B74, T38, T43, 
T45

None 227 244 Forbidden Forbidden D 18

Methyl vinyl ketone, stabilized 6.1 UN1251 I 6.1, 3, 8 1, 25, B9, B14, B30, B72, T38, T43, 
T44

None 226 244 Forbidden Forbidden B40

D Methyldichloroarsine 6.1 NA1556 I 6.1 2 None 192 None Forbidden Forbidden D 40, 95
Methylhydrazine 6.1 UN1244 I 6.1, 3, 8 1, B7, B9, B14, B30, B72, B77, N34, 

T38, T43, T44
None 226 244 Forbidden Forbidden D 21, 40, 49, 100

+ Motor fuel anti-knock mixtures 6.1 UN1649 I 6.1, 3 14, B9, B90, T26, T39 None 201 244 Forbidden 30 L D 25, 40
n-Butyl chloroformate 6.1 UN2743 I 6.1, 8, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 1 L 30 L A12, 13, 21, 25, 

40, 100
n-Butyl isocyanate 6.1 UN2485 I 6.1, 3 2, A7, B9, B14, B32, B74, B77, T38, 

T43, T45
None 227 244 Forbidden 30 L D 40

Nickel carbonyl 6.1 UN1259 I 6.1, 3 1 None 198 None Forbidden Forbidden D 18, 40
Nicotine compounds, liquid, n.o.s. or Nicotine 
preparations, liquid, n.o.s.

6.1 UN3144 I 6.1 A4, T42 None 201 243 1 L 30 L B40

Nicotine compounds, solid, n.o.s. or Nicotine 
preparations, solid, n.o.s.

6.1 UN1655 I 6.1 None 211 242 5 kg 50 kg B

G Nitriles, toxic, flammable, n.o.s. 6.1 UN3275 I 6.1, 3 5 None 201 243 1 L 30 L B40
G Nitriles, toxic, n.o.s. 6.1 UN3276 I 6.1 5 None 201 243 1 L 30 L B

n-Propyl chloroformate 6.1 UN2740 I 6.1, 3, 8 2, A3, A6, A7, B9, B14, B32, B74, 
B77, N34, T38, T43, T45

None 227 244 Forbidden 2.5 L B21, 40, 100

n-Propyl isocyanate 6.1 UN2482 I 6.1, 3 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden D 40

Organoarsenic compound, n.o.s. 6.1 UN3280 I 6.1 5 None 211 242 5 kg 50 kg B
Organochlorine pesticides, liquid, toxic 6.1 UN2996 I 6.1 T42 None 201 243 1 L 30 L B40
Organochlorine pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN2995 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Organochlorine pesticides, solid toxic 6.1 UN2761 I 6.1 None 211 242 5 kg 50 kg A40
G Organometallic compound, toxic n.o.s. 6.1 UN3282 I 6.1 B106 None 211 242 5 kg 50 kg B

Organophosphorus compound, toxic n.o.s. 6.1 UN3278 I 6.1 5 None 201 243 1 L 30 L B
Organophosphorus compound, toxic, flammable, n.o.s. 6.1 UN3279 I 6.1, 3 5 None 201 243 1 L 30 L B40

Organophosphorus pesticides, liquid, toxic 6.1 UN3018 I 6.1 N76, T42 None 201 243 1 L 30 L B40
Organophosphorus pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3017 I 6.1, 3 N76, T42 None 201 243 1 L 30 L B40

Organophosphorus pesticides, solid, toxic 6.1 UN2783 I 6.1 N77 None 211 242 5 kg 50 kg A40
Organotin compounds, liquid, n.o.s. 6.1 UN2788 I 6.1 A3, N33, N34, T42 None 201 243 1 L 30 L B40
Organotin compounds, solid, n.o.s. 6.1 UN3146 I 6.1 A5 None 211 242 5 kg 50 kg B40
Organotin pesticides, liquid, toxic 6.1 UN3020 I 6.1 T42 None 201 243 1 L 30 L B40
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Organotin pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3019 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Organotin pesticides, solid, toxic 6.1 UN2786 I 6.1 None 211 242 5 kg 50 kg A40
Osmium tetroxide 6.1 UN2471 I 6.1 A8, B100, N33, N34 None 211 242 5 kg 50 kg B40

D Parathion 6.1 NA2783 I 6.1 T42 None 201 243 Forbidden 1 L A40
Perchloromethyl mercaptan 6.1 UN1670 I 6.1 2, A3, A7, B9, B14, B32, B74, N34, 

T38, T43, T45
None 227 244 Forbidden Forbidden D 40

G Pesticides, liquid, toxic, flammable, n.o.s. flashpoint 
not less than 23 degrees C

6.1 UN2903 I 6.1, 3 T42 None 201 243 1 L 30 L B40

G Pesticides, liquid, toxic, n.o.s. 6.1 UN2902 I 6.1 T42 None 201 243 1 L 30 L B40
G Pesticides, solid, toxic, n.o.s. 6.1 UN2588 I 6.1 None 211 242 5 kg 50 kg A40

Phenoxyacetic acid derivative pesticide, liquid, toxic, 
flammable, flashpoint not less than 23°C.

6.1 UN3347 I 6.1, 3 T24, T26 None 201 243 1 L 30 L B40

Phenoxyacetic acid derivative pesticide, liquid, toxic. 6.1 UN3348 I 6.1 T24, T26 None 201 243 1 L 30 L B40

Phenoxyacetic acid derivative pesticide, solid, toxic 6.1 UN3345 I 6.1 None 211 242 5 kg 50 kg A40

Phenyl isocyanate 6.1 UN2487 I 6.1, 3 2, B9, B14, B32, B74, B77, N33, N34, 
T38, T43, T45

None 227 244 Forbidden Forbidden D 20, 40, 95

Phenyl mercaptan 6.1 UN2337 I 6.1, 3 2, B9, B14, B32, B74, B77, T38, T43, 
T45

None 227 244 Forbidden Forbidden B26, 40

Phenyl urea pesticides, liquid, toxic 6.1 UN3002 I 6.1 T42 None 201 243 1 L 30 L B40
Phenylcarbylamine chloride 6.1 UN1672 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 40

Phenylmercuric compounds, n.o.s. 6.1 UN2026 I 6.1 None 211 242 5 kg 50 kg A
Phosphorus trichloride 6.1 UN1809 I 6.1, 8 2, B9, B14, B15, B32, B74, B77, N34, 

T38, T43, T45
None 227 244 Forbidden Forbidden C 40

Potassium cyanide 6.1 UN1680 I 6.1 B69, B77, N74, N75, T18, T26 None 211 242 5 kg 50 kg B52
Potassium fluoroacetate 6.1 UN2628 I 6.1 None 211 242 5 kg 50 kg E
Pyrethroid pesticide, liquid toxic. 6.1 UN3352 I 6.1 None 211 242 1 L 30 L A40
Pyrethroid pesticide, liquid, flammable, toxic, flashpoint 
not less than 23°C.

6.1 UN3351 I 6.1, 3 T24, T26 None 201 243 1 L 30 L B40

Pyrethroid pesticide, solid, toxic. 6.1 UN3349 I 6.1 None 211 242 5 kg 50 kg A40
D sec-Butyl chloroformate 6.1 NA2742 I 6.1, 3, 8 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 1 L 30 L A12, 13, 22, 25, 

40, 48, 100
Selenates or Selenites 6.1 UN2630 I 6.1 None 211 242 5 kg 50 kg E
Selenium compound, n.o.s. 6.1 UN3283 I 6.1 None 211 242 5 kg 50 kg B

D Selenium oxide 6.1 NA2811 I 6.1 None 211 242 5 kg 50 kg B
Sodium cuprocyanide, solid 6.1 UN2316 I 6.1 None 211 242 5 kg 50 kg A26
Sodium cuprocyanide, solution 6.1 UN2317 I 6.1 T8, T26 None 201 243 1 L 30 L B26, 40
Sodium cyanide 6.1 UN1689 I 6.1 B69, B77, N74, N75, T42 None 211 242 5 kg 50 kg B52
Sodium fluoroacetate 6.1 UN2629 I 6.1 None 211 242 5 kg 50 kg E
Strychnine or Strychnine salts 6.1 UN1692 I 6.1 None 211 242 5 kg 50 kg A40
Substituted nitrophenol pesticides, liquid, toxic 6.1 UN3014 I 6.1 T42 None 201 243 1 L 30 L B40
Substituted nitrophenol pesticides, liquid, toxic, 
flammable flashpoint not less than 23 degrees C

6.1 UN3013 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Substituted nitrophenol pesticides, solid, toxic 6.1 UN2779 I 6.1 None 211 242 5 kg 50 kg A40
D Tear gas devices with more than 2 percent tear gas 

substances, by mass
6.1 NA1693 I 6.1 None 340 None Forbidden Forbidden D 40

G Tear gas substances, liquid, n.o.s. 6.1 UN1693 I 6.1 None 201 None Forbidden Forbidden D 40
G Tear gas substances, solid, n.o.s. 6.1 UN1693 I 6.1 None 211 None Forbidden Forbidden D 40

Tellurium compound, n.o.s. 6.1 UN3284 I 6.1 None 211 242 5 kg 50 kg B
tert-Butyl isocyanate 6.1 UN2484 I 6.1, 3 1, A7, B9, B14, B30, B72, T38, T43, 

T44
None 226 244 Forbidden Forbidden D 40

D Tetraethyl lead, liquid 6.1 NA1649 I 6.1, 3 None 201 None Forbidden Forbidden E40
D Tetraethyl pyrophosphate solid 6.1 NA2783 I 6.1 N77 None 211 242 Forbidden 50 kg A40
D Tetraethyl pyrophosphate, liquid 6.1 NA3018 I 6.1 None 201 243 Forbidden 1 L A40

Thiocarbamate pesticides, liquid, flammable, toxic, 
flash point not less than 23 degrees C.

6.1 UN3005 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Thiocarbamate pesticides, liquid, toxic 6.1 UN3006 I 6.1 T42 None 201 243 1 L 30 L B40
Thiocarbamate pesticides, solid, toxic. 6.1 UN2771 I 6.1 None 211 242 5 kg 50 kg A40

G Toxic liquid, corrosive, inorganic, n.o.s. 6.1 UN3289 I 6.1, 8 T42 None 201 243 0.5 L 2.5 L A
G Toxic liquid, corrosive, inorganic, n.o.s. Inhalation 

Hazard, Packing Group I, Zone A
6.1 UN3289 I 6.1, 8 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden B40
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G Toxic liquid, corrosive, inorganic, n.o.s. Inhalation 
Hazard, Packing Group I, Zone B

6.1 UN3289 I 6.1, 8 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden B40

G Toxic liquid, inorganic, n.o.s. 6.1 UN3287 I 6.1 T42 None 201 243 1 L 30 L A
Toxic liquid, inorganic, n.o.s. Inhalation Hazard, 
Packing Group I, Zone A

6.1 UN3287 I 6.1 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden B40

Toxic liquid, inorganic, n.o.s. Inhalation Hazard, 
Packing Group I, Zone B

6.1 UN3287 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden B40

G Toxic liquids, corrosive, organic, n.o.s. 6.1 UN2927 I 6.1, 8 T42 None 201 243 0.5 L 2.5 L B40
G Toxic liquids, corrosive, organic, n.o.s., inhalation 

hazard, Packing Group I, Zone A
6.1 UN2927 I 6.1, 8 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden D 20, 40, 95

G Toxic liquids, corrosive, organic, n.o.s., inhalation 
hazard, Packing Group I, Zone B

6.1 UN2927 I 6.1, 8 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 20, 40, 95

G Toxic liquids, flammable, organic, n.o.s. 6.1 UN2929 I 6.1, 3 T42 None 201 243 1 L 30 L B40
G Toxic liquids, flammable, organic, n.o.s., inhalation 

hazard, Packing Group I, Zone A
6.1 UN2929 I 6.1, 3 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden D 20, 40, 95

G Toxic liquids, flammable, organic, n.o.s., inhalation 
hazard, Packing Group I, Zone B

6.1 UN2929 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 20, 40, 95

G Toxic liquids, oxidizing, n.o.s. 6.1 UN3122 I 6.1, 5.1 A4 None 201 243 Forbidden 2.5 L C
G Toxic liquids, oxidizing, n.o.s. Inhalation hazard, 

Packing Group I, Zone A
6.1 UN3122 I 6.1, 5.1 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden C

G Toxic liquids, oxidizing, n.o.s. Inhalation Hazard, 
Packing Group I, Zone B

6.1 UN3122 I 6.1, 5.1 2, B9, B14, B32, T38, T43, T45 None 227 244 Forbidden Forbidden C

Toxic liquids, water-reactive, n.o.s. 6.1 UN3123 I 6.1, 4.3 A4 None 201 243 Forbidden 1 L E40
G Toxic liquids, water-reactive, n.o.s. Inhalation hazard, 

packing group I, Zone A
6.1 UN3123 I 6.1, 4.3 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden E40

G Toxic liquids, water-reactive, n.o.s. Inhalation hazard, 
packing group I, Zone B

6.1 UN3123 I 6.1, 4.3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden E40

Toxic solid, corrosive, inorganic, n.o.s. 6.1 UN3290 I 6.1, 8 None 211 242 1 kg 25 kg A
G Toxic solid, inorganic, n.o.s. 6.1 UN3288 I 6.1 None 211 242 5 kg 50 kg A
G Toxic solids, corrosive, organic, n.o.s. 6.1 UN2928 I 6.1, 8 None 211 242 1 kg 25 kg B40
G Toxic solids, flammable, organic, n.o.s. 6.1 UN2930 I 6.1, 4.1 B106 None 211 242 1 kg 15 kg B
G Toxic solids, organic, n.o.s. 6.1 UN2811 I 6.1 None 211 242 5 kg 50 kg B
G Toxic solids, oxidizing, n.o.s. 6.1 UN3086 I 6.1, 5.1 None 211 242 1 kg 15 kg C
G Toxic solids, self-heating, n.o.s. 6.1 UN3124 I 6.1, 4.2 A5, B100 None 211 242 5 kg 15 kg D 40
G Toxic solids, water-reactive, n.o.s. 6.1 UN3125 I 6.1, 4.3 A5, B100 None 211 242 5 kg 15 kg D 40
G Toxic, liquids, organic, n.o.s. 6.1 UN2810 I 6.1 T42 None 201 243 1 L 30 L B40
G Toxic, liquids, organic, n.o.s. Inhalation hazard, 

Packing Group I, Zone A
6.1 UN2810 I 6.1 1, B9, B14, B30, B72, T38, T43, T44 None 226 244 Forbidden Forbidden D 20, 40, 95

G Toxic, liquids, organic, n.o.s. Inhalation hazard, 
Packing Group I, Zone B

6.1 UN2810 I 6.1 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden D 20, 40, 95

Triazine pesticides, liquid, toxic 6.1 UN2998 I 6.1 T42 None 201 243 1 L 30 L B40
Triazine pesticides, liquid, toxic, flammable, flashpoint 
not less than 23 degrees C

6.1 UN2997 I 6.1, 3 T42 None 201 243 1 L 30 L B40

Triazine pesticides, solid, toxic 6.1 UN2763 I 6.1 None 211 242 5 kg 50 kg A40
D Trimethoxysilane 6.1 NA9269 I 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden Forbidden E40

Trimethylacetyl chloride 6.1 UN2438 I 6.1, 8, 3 2, A3, A6, A7, B3, B9, B14, B32, B74, 
N34, T38, T43, T45

None 227 244 Forbidden Forbidden D 25, 40

Vanadium compound, n.o.s. 6.1 UN3285 I 6.1 None 211 242 5 kg 50 kg B
Zinc cyanide 6.1 UN1713 I 6.1 None 211 242 5 kg 50 kg A26
1,1-Dichloro-1-nitroethane 6.1 UN2650 II 6.1 T8 None 202 243 5 L 60 L A12, 40
1,2-Dibromobutan-3-one 6.1 UN2648 II 6.1 None 202 243 5 L 60 L B40
1,3-Dichloroacetone 6.1 UN2649 II 6.1 None 212 242 25 kg 100 kg B12, 40
1,3-Dichloropropanol-2 6.1 UN2750 II 6.1 T8 None 202 243 5 L 60 L A12, 40
2,2'-Dichlorodiethyl ether 6.1 UN1916 II 6.1, 3 N33, N34, T8 None 202 243 5 L 60 L A
2-Amino-4-chlorophenol 6.1 UN2673 II 6.1 None 212 242 25 kg 100 kg A
2-Chloropyridine 6.1 UN2822 II 6.1 T14 None 202 243 5 L 60 L A40
2-Dimethylaminoethyl acrylate 6.1 UN3302 II 6.1 T8 None 202 243 5 L 60 L D 25
2-Dimethylaminoethyl methacrylate 6.1 UN2522 II 6.1 T8 None 202 243 5 L 60 L B40
2-Ethylhexyl chloroformate 6.1 UN2748 II 6.1, 8 T12 None 202 243 1 L 30 L A12, 13, 21, 25, 

40, 100
3-Chloro-4-methylphenyl isocyanate 6.1 UN2236 II 6.1 None 202 243 5 L 60 L B40
3-Nitro-4-chlorobenzotrifluoride 6.1 UN2307 II 6.1 T8 None 202 243 5 L 60 L A40
3-Trifluoromethylaniline 6.1 UN2948 II 6.1 T14 None 202 243 5 L 60 L A40
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Aldol 6.1 UN2839 II 6.1 T8 None 202 243 5 L 60 L A12
D Aldrin, liquid 6.1 NA2762 II 6.1 None 202 243 5 L 60 L B
D Aldrin, solid 6.1 NA2761 II 6.1 None 212 242 25 kg 100 kg A40
G Alkaloids, liquid, n.o.s., or Alkaloid salts, liquid, n.o.s. 6.1 UN3140 II 6.1 T14 None 202 243 5 L 60 L A

G Alkaloids, solid, n.o.s. or Alkaloid salts, solid, n.o.s. 
poisonous

6.1 UN1544 II 6.1 None 212 242 25 kg 100 kg A

Allyl isothiocyanate, stabilized 6.1 UN1545 II 6.1, 3 A3, A7 None 202 243 Forbidden 60 L D 40
Aminopyridines (o-; m-; p-) 6.1 UN2671 II 6.1 T7 None 212 242 25 kg 100 kg B12, 40
Ammonium arsenate 6.1 UN1546 II 6.1 None 212 242 25 kg 100 kg A
Ammonium dinitro-o-cresolate 6.1 UN1843 II 6.1 T8 None 212 242 25 kg 100 kg B36, 65, 66, 77
Ammonium metavanadate 6.1 UN2859 II 6.1 None 212 242 25 kg 100 kg A
Ammonium polyvanadate 6.1 UN2861 II 6.1 None 212 242 25 kg 100 kg A
Ammunition, tear-producing, non-explosive, without 
burster or expelling charge, non-fuzed

6.1 UN2017 II 6.1, 8 None 212 None Forbidden 50 kg E13, 40

Ammunition, toxic, non-explosive, without burster or 
expelling charge, non-fuzed

6.1 UN2016 II 6.1 None 212 None Forbidden 100 kg E13, 40

+ Aniline 6.1 UN1547 II 6.1 T8 None 202 243 5 L 60 L A40
Arsenic 6.1 UN1558 II 6.1 None 212 242 25 kg 100 kg A
Arsenic acid, solid 6.1 UN1554 II 6.1 None 212 242 25 kg 100 kg A
Arsenic bromide 6.1 UN1555 II 6.1 None 212 242 25 kg 100 kg A12, 40
Arsenic compounds, liquid, n.o.s. inorganic, including 
arsenates n.o.s.; arsenites, n.o.s.; arsenic sulfides, 
n.o.s.; and organic compounds of arsenic, n.o.s.

6.1 UN1556 II 6.1 None 202 243 5 L 60 L B40

Arsenic compounds, solid, n.o.s. inorganic, including 
arsenates, n.o.s.; arsenites, n.o.s.; arsenic sulfides, 
n.o.s.; and organic compounds of arsenic, n.o.s.

6.1 UN1557 II 6.1 None 212 242 25 kg 100 kg A

Arsenic pentoxide 6.1 UN1559 II 6.1 None 212 242 25 kg 100 kg A
D Arsenic sulfide 6.1 NA1557 II 6.1 None 212 242 25 kg 100 kg A

Arsenic trioxide 6.1 UN1561 II 6.1 None 212 242 25 kg 100 kg A
D Arsenic trisulfide 6.1 NA1557 II 6.1 None 212 242 25 kg 100 kg A

Arsenical dust 6.1 UN1562 II 6.1 None 212 242 25 kg 100 kg A
Arsenical pesticides, liquid, toxic 6.1 UN2994 II 6.1 T14 None 202 243 5 L 60 L B40
Arsenical pesticides, liquid, toxic, flammable flashpoint 
not less than 23 degrees C

6.1 UN2993 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Arsenical pesticides, solid, toxic 6.1 UN2759 II 6.1 None 212 242 25 kg 100 kg A40
Barium compounds, n.o.s. 6.1 UN1564 II 6.1 None 212 242 25 kg 100 kg A
Benzidine 6.1 UN1885 II 6.1 None 212 242 25 kg 100 kg A
Benzonitrile 6.1 UN2224 II 6.1 T14 None 202 243 5 L 60 L A26, 40
Benzoquinone 6.1 UN2587 II 6.1 None 212 242 25 kg 100 kg A
Benzyl bromide 6.1 UN1737 II 6.1, 8 A3, A7, N33, N34, T12, T26 None 202 243 1 L 30 L D 13, 40
Benzyl chloride 6.1 UN1738 II 6.1, 8 A3, A7, B70, N33, N42, T12, T26 None 202 243 1 L 30 L D 13, 40
Benzyl chloride unstabilized 6.1 UN1738 II 6.1, 8 A3, A7, B8, B11, N33, N34, N43, T12, 

T26
None 202 243 1 L 30 L D 13, 40

Benzyl iodide 6.1 UN2653 II 6.1 T8 None 202 243 5 L 60 L B12, 40
Benzylidene chloride 6.1 UN1886 II 6.1 T8 None 202 243 5 L 60 L D 40
Beryllium compounds, n.o.s. 6.1 UN1566 II 6.1 None 212 242 25 kg 100 kg A
Beryllium, powder 6.1 UN1567 II 6.1, 4.1 None 212 242 15 kg 50 kg A
beta-Naphthylamine 6.1 UN1650 II 6.1 T12, T26 None 212 242 25 kg 100 kg A
Bipyridilium pesticides, liquid, toxic 6.1 UN3016 II 6.1 T14 None 202 243 5 L 60 L B40
Bipyridilium pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3015 II 6.1, 3 T14 None 202 243 5 L 60 L B21, 40

Bipyridilium pesticides, solid, toxic 6.1 UN2781 II 6.1 None 212 242 25 kg 100 kg A40
+ Bromoacetone 6.1 UN1569 II 6.1, 3 2 None 193 245 Forbidden Forbidden D 40

Cacodylic acid 6.1 UN1572 II 6.1 None 212 242 25 kg 100 kg E26
Cadmium compounds 6.1 UN2570 II 6.1 None 212 242 25 kg 100 kg A
Calcium arsenate 6.1 UN1573 II 6.1 None 212 242 25 kg 100 kg A
Calcium arsenate and calcium arsenite, mixtures, solid 6.1 UN1574 II 6.1 None 212 242 25 kg 100 kg A

D Calcium arsenite, solid 6.1 NA1574 II 6.1 None 212 242 25 kg 100 kg A
Carbamate pesticides, liquid, toxic 6.1 UN2992 II 6.1 T14 None 202 243 5 L 60 L B40
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Carbamate pesticides, liquid, toxic, flammable, flash 
point not less than 23 degrees C

6.1 UN2991 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Carbamate pesticides, solid, toxic 6.1 UN2757 II 6.1 None 212 242 25 kg 100 kg A40
Carbon tetrachloride 6.1 UN1846 II 6.1 N36, T8 None 202 243 5 L 60 L A40
Chloral, anhydrous, inhibited 6.1 UN2075 II 6.1 B101, T14 None 202 243 5 L 60 L D 40
Chloroacetic acid, molten 6.1 UN3250 II 6.1, 8 T9 None 202 243 Forbidden Forbidden C 40
Chloroacetic acid, solid 6.1 UN1751 II 6.1, 8 A3, A7, N34 None 212 242 15 kg 50 kg A40
Chloroacetic acid, solution 6.1 UN1750 II 6.1, 8 A7, N34, T8, T27 None 202 243 1 L 30 L C 40

+ Chloroacetonitrile 6.1 UN2668 II 6.1, 3 2, B9, B14, B32, B74, T38, T43, T45 None 227 244 Forbidden 60 L A12, 26, 40

Chloroacetophenone (CN), liquid 6.1 UN1697 II 6.1 A3, N12, N32, N33 None 202 243 Forbidden 60 L D 12, 40
Chloroacetophenone (CN), solid 6.1 UN1697 II 6.1 A3, N12, N32, N33, N34 None 212 None Forbidden 100 kg D 12, 40
Chloroanilines, liquid 6.1 UN2019 II 6.1 T14 None 202 243 5 L 60 L A
Chloroanilines, solid 6.1 UN2018 II 6.1 T14, T38 None 212 242 25 kg 100 kg A
Chlorocresols, liquid 6.1 UN2669 II 6.1 T8 None 202 243 5 L 60 L A12
Chlorocresols, solid 6.1 UN2669 II 6.1 None 212 242 25 kg 100 kg A12

+ Chlorodinitrobenzenes 6.1 UN1577 II 6.1 T14 None 212 242 25 kg 100 kg A91
G Chloroformates, toxic, corrosive, flammable, n.o.s. 6.1 UN2742 II 6.1, 8, 3 5 None 202 243 1 L 30 L A12, 13, 21, 25, 

40, 100
G Chloroformates, toxic, corrosive, n.o.s. 6.1 UN3277 II 6.1, 8 T12, T26 None 202 243 1 L 30 L A12, 13, 25, 40

Chloromethyl chloroformate 6.1 UN2745 II 6.1, 8 T18 None 202 243 1 L 30 L A12, 13, 21, 25, 
40, 100

+ Chloronitrobenzene, ortho, liquid 6.1 UN1578 II 6.1 T14 None 202 243 5 L 60 L A
+ Chloronitrobenzenes meta or para, solid 6.1 UN1578 II 6.1 T14 None 212 242 25 kg 100 kg A

Chloropicrin mixtures, n.o.s. 6.1 UN1583 II 6.1 None 202 243 Forbidden Forbidden C 40
D, G Compounds, tree killing, liquid or Compounds, weed 

killing, liquid
6.1 NA2810 II 6.1 None 202 243 5 L 60 L B40

Copper acetoarsenite 6.1 UN1585 II 6.1 None 212 242 25 kg 100 kg A
Copper arsenite 6.1 UN1586 II 6.1 None 212 242 25 kg 100 kg A
Copper based pesticides, liquid, toxic 6.1 UN3010 II 6.1 T14 None 202 243 5 L 60 L B40
Copper based pesticides, liquid, toxic, flammable 
flashpoint not less than 23 degrees C

6.1 UN3009 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Copper based pesticides, solid, toxic 6.1 UN2775 II 6.1 None 212 242 25 kg 100 kg A40
Copper cyanide 6.1 UN1587 II 6.1 None 204 242 25 kg 100 kg A26
Coumarin derivative pesticides, liquid, toxic 6.1 UN3026 II 6.1 None 202 243 5 L 60 L B40
Coumarin derivative pesticides, liquid, toxic, flammable 
flashpoint not less than 23 degrees C

6.1 UN3025 II 6.1, 3 None 202 243 5 L 60 L B40

Coumarin derivative pesticides, solid, toxic 6.1 UN3027 II 6.1 None 212 242 25 kg 100 kg A40
Cresols 6.1 UN2076 II 6.1, 8 B110, T8 None 202 243 1 L 30 L B
Cresylic acid 6.1 UN2022 II 6.1, 8 B110, T8 None 202 243 1 L 30 L B
Cyanide solutions, n.o.s. 6.1 UN1935 II 6.1 T18, T26 None 202 243 5 L 60 L A40, 52
Cyanides, inorganic, solid, n.o.s. 6.1 UN1588 II 6.1 N74, N75 None 212 242 25 kg 100 kg A52
Cyclobutyl chloroformate 6.1 UN2744 II 6.1, 8, 3 T18 None 202 243 1 L 30 L A12, 13, 21, 25, 

40, 100
+ Dichloroanilines, liquid 6.1 UN1590 II 6.1 T14 None 202 243 5 L 60 L A40
+ Dichloroanilines, solid 6.1 UN1590 II 6.1 T14 None 212 242 25 kg 100 kg A40

Dichloroisopropyl ether 6.1 UN2490 II 6.1 T8 None 202 243 5 L 60 L B
Dichlorophenyl isocyanates 6.1 UN2250 II 6.1 None 212 242 25 kg 100 kg B25, 40, 48

D Dieldrin 6.1 NA2761 II 6.1 None 212 242 0.5 kg 5 kg A40
Diethyl sulfate 6.1 UN1594 II 6.1 B101, T14 None 202 243 5 L 60 L C
Dimethyl thiophosphoryl chloride 6.1 UN2267 II 6.1, 8 T7 None 202 243 1 L 30 L B25
Dinitroanilines 6.1 UN1596 II 6.1 T14 None 212 242 25 kg 100 kg A91
Dinitrobenzenes, liquid 6.1 UN1597 II 6.1 11, T14 None 202 243 5 L 60 L A91
Dinitrobenzenes, solid 6.1 UN1597 II 6.1 11 None 212 242 25 kg 100 kg A91
Dinitro-o-cresol, solid 6.1 UN1598 II 6.1 T14 None 212 242 25 kg 100 kg A
Dinitro-o-cresol, solution 6.1 UN1598 II 6.1 T14 None 202 243 5 L 60 L A
Dinitrophenol solutions 6.1 UN1599 II 6.1 T8 None 202 243 5 L 60 L A36
Dinitrotoluenes, liquid 6.1 UN2038 II 6.1 T8 None 202 243 5 L 60 L A
Dinitrotoluenes, molten 6.1 UN1600 II 6.1 B100, T14 None 202 243 Forbidden Forbidden C
Dinitrotoluenes, solid 6.1 UN2038 II 6.1 T8 None 212 242 25 kg 100 kg A

G Disinfectants, liquid, toxic, n.o.s 6.1 UN3142 II 6.1 T14 None 202 243 5 L 60 L A40
G Disinfectants, solid, toxic, n.o.s. 6.1 UN1601 II 6.1 None 212 242 25 kg 100 kg A40
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G Dyes, liquid, toxic, n.o.s or Dye intermediates, liquid, 
toxic, n.o.s.

6.1 UN1602 II 6.1 None 202 243 5 L 60 L A

G Dyes, solid, toxic, n.o.s. or Dye intermediates, solid, 
toxic, n.o.s.

6.1 UN3143 II 6.1 None 212 242 25 kg 100 kg A

+ Epichlorohydrin 6.1 UN2023 II 6.1, 3 T14 None 202 243 5 L 60 L A40
Ethyl bromide 6.1 UN1891 II 6.1 B100, T17 None 202 243 5 L 60 L B40, 85
Ethyl bromoacetate 6.1 UN1603 II 6.1, 3 T14 None 202 243 Forbidden Forbidden D 40
Ethyl chloroacetate 6.1 UN1181 II 6.1, 3 T14 None 202 243 5 L 60 L A
Ferric arsenate 6.1 UN1606 II 6.1 None 212 242 25 kg 100 kg A
Ferric arsenite 6.1 UN1607 II 6.1 None 212 242 25 kg 100 kg A
Ferrous arsenate 6.1 UN1608 II 6.1 None 212 242 25 kg 100 kg A
Furaldehydes 6.1 UN1199 II 6.1, 3 T15 None 202 243 5 L 60 L A
Hexaethyl tetraphosphate liquid 6.1 UN1611 II 6.1 N76 None 202 243 5 L 60 L E40
Hexaethyl tetraphosphate, solid 6.1 UN1611 II 6.1 N76 None 212 242 25 kg 100 kg E40
Hexafluoroacetone hydrate 6.1 UN2552 II 6.1 T14 None 202 243 5 L 60 L B40
Hexamethylene diisocyanate 6.1 UN2281 II 6.1 B101, T14 None 202 243 5 L 60 L C 13, 40

D Hydrocyanic acid, aqueous solutions with less than 5 
percent hydrogen cyanide

6.1 NA1613 II 6.1 T18, T26 None 195 243 Forbidden 5 L D 40

G Isocyanates, toxic, flammable, n.o.s. or Isocyanate 
solutions, toxic, flammable, n.o.s., flash point not less 
than 23 degrees C but not more than 61 degrees C 
and boiling point less than 300 degrees C

6.1 UN3080 II 6.1, 3 T15 None 202 243 5 L 60 L B25, 40, 48

G Isocyanates, toxic, n.o.s. or Isocyanate, solutions, 
toxic, n.o.s., flash point more than 61 degrees C and 
boiling point less than 300 degrees C

6.1 UN2206 II 6.1 T15 None 202 243 5 L 60 L E25, 40, 48

Isocyanatobenzotrifluorides 6.1 UN2285 II 6.1, 3 5, B101, T14 None 202 243 5 L 60 L D 25, 40, 48
Lead arsenates 6.1 UN1617 II 6.1 None 212 242 25 kg 100 kg A
Lead arsenites 6.1 UN1618 II 6.1 None 212 242 25 kg 100 kg A
Lead cyanide 6.1 UN1620 II 6.1 None 212 242 25 kg 100 kg A26
London purple 6.1 UN1621 II 6.1 None 212 242 25 kg 100 kg A

+ Magnesium arsenate 6.1 UN1622 II 6.1 None 212 242 25 kg 100 kg A
Malononitrile 6.1 UN2647 II 6.1 None 212 242 25 kg 100 kg A12
Medicine, liquid, toxic, n.o.s. 6.1 UN1851 II 6.1 153 202 243 5 L 5 L C 40
Medicine, solid, toxic, n.o.s. 6.1 UN3249 II 6.1 36 153 212 None 5 kg 5 kg C 40
Mercaptans, liquid, toxic, flammable, n.o.s. or 
Mercaptan mixtures, liquid, toxic, flammable, n.o.s., 
flash point not less than 23 degrees C

6.1 UN3071 II 6.1, 3 T14 None 202 243 5 L 60 L C 40, 121

Mercuric arsenate 6.1 UN1623 II 6.1 None 212 242 25 kg 100 kg A
Mercuric chloride 6.1 UN1624 II 6.1 None 212 242 25 kg 100 kg A
Mercuric nitrate 6.1 UN1625 II 6.1 N73 None 212 242 25 kg 100 kg A
Mercurous nitrate 6.1 UN1627 II 6.1 None 212 242 25 kg 100 kg A
Mercury acetate 6.1 UN1629 II 6.1 None 212 242 25 kg 100 kg A
Mercury ammonium chloride 6.1 UN1630 II 6.1 None 212 242 25 kg 100 kg A
Mercury based pesticides, liquid, toxic 6.1 UN3012 II 6.1 T14 None 202 243 5 L 60 L B40
Mercury based pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3011 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Mercury based pesticides, solid, toxic 6.1 UN2777 II 6.1 None 212 242 25 kg 100 kg A40
Mercury benzoate 6.1 UN1631 II 6.1 None 212 242 25 kg 100 kg A
Mercury bromides 6.1 UN1634 II 6.1 None 212 242 25 kg 100 kg A
Mercury compounds, liquid, n.o.s. 6.1 UN2024 II 6.1 None 202 243 5 L 60 L B40
Mercury compounds, solid, n.o.s. 6.1 UN2025 II 6.1 None 212 242 25 kg 100 kg A
Mercury cyanide 6.1 UN1636 II 6.1 N74, N75 None 212 242 25 kg 100 kg A26
Mercury gluconate 6.1 UN1637 II 6.1 None 212 242 25 kg 100 kg A
Mercury iodide, solid 6.1 UN1638 II 6.1 None 212 242 25 kg 100 kg A
Mercury iodide, solution 6.1 UN1638 II 6.1 None 202 243 5 L 60 L A
Mercury nucleate 6.1 UN1639 II 6.1 None 212 242 25 kg 100 kg A
Mercury oleate 6.1 UN1640 II 6.1 None 212 242 25 kg 100 kg A
Mercury oxide 6.1 UN1641 II 6.1 None 212 242 25 kg 100 kg A
Mercury oxycyanide, desensitized 6.1 UN1642 II 6.1 None 212 242 25 kg 100 kg A26, 91
Mercury potassium iodide 6.1 UN1643 II 6.1 None 212 242 25 kg 100 kg A
Mercury salicylate 6.1 UN1644 II 6.1 None 212 242 25 kg 100 kg A
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+ Mercury sulfates 6.1 UN1645 II 6.1 None 212 242 25 kg 100 kg A
Mercury thiocyanate 6.1 UN1646 II 6.1 None 212 242 25 kg 100 kg A
Metal carbonyls, n.o.s. 6.1 UN3281 II 6.1 T14 None 202 243 5 L 60 L B40
Methyl bromoacetate 6.1 UN2643 II 6.1 B100, T8 None 202 243 5 L 60 L D 40

D Methyl parathion liquid 6.1 NA3018 II 6.1 N76, T14 None 202 243 Forbidden 1 L A40
D Methyl parathion solid 6.1 NA2783 II 6.1 N77 None 212 242 25 kg 100 kg A40

N,N-Dimethylaniline 6.1 UN2253 II 6.1 T8 None 202 243 5 L 60 L A
Naphthylthiourea 6.1 UN1651 II 6.1 None 212 242 25 kg 100 kg A
Naphthylurea 6.1 UN1652 II 6.1 None 212 242 25 kg 100 kg A
N-Butylaniline 6.1 UN2738 II 6.1 T8 None 202 243 5 L 60 L A
N-Ethyltoluidines 6.1 UN2754 II 6.1 T14 None 202 243 5 L 60 L A
Nickel cyanide 6.1 UN1653 II 6.1 N74, N75 None 212 242 25 kg 100 kg A26
Nicotine 6.1 UN1654 II 6.1 None 202 243 5 L 60 L A
Nicotine compounds, liquid, n.o.s. or Nicotine 
preparations, liquid, n.o.s.

6.1 UN3144 II 6.1 T14 None 202 243 5 L 60 L B40

Nicotine compounds, solid, n.o.s. or Nicotine 
preparations, solid, n.o.s.

6.1 UN1655 II 6.1 None 212 242 25 kg 100 kg A

Nicotine hydrochloride or Nicotine hydrochloride 
solution

6.1 UN1656 II 6.1 None 202 243 5 L 60 L A

Nicotine salicylate 6.1 UN1657 II 6.1 None 212 242 25 kg 100 kg A
Nicotine sulfate, solid 6.1 UN1658 II 6.1 None 212 242 25 kg 100 kg A
Nicotine sulfate, solution 6.1 UN1658 II 6.1 T14 None 202 243 5 L 60 L A
Nicotine tartrate 6.1 UN1659 II 6.1 None 212 242 25 kg 100 kg A

G Nitriles, toxic, flammable, n.o.s. 6.1 UN3275 II 6.1, 3 T14 None 202 243 5 L 60 L B40
G Nitriles, toxic, n.o.s. 6.1 UN3276 II 6.1 T14 None 202 243 5 L 60 L B
+ Nitroanilines (o-; m-; p-;) 6.1 UN1661 II 6.1 T14 None 212 242 25 kg 100 kg A
+ Nitrobenzene 6.1 UN1662 II 6.1 T14 None 202 243 5 L 60 L A40

Nitrobenzotrifluorides 6.1 UN2306 II 6.1 T8 None 202 243 5 L 60 L A40
Nitrotoluenes, liquid o-; m-; p-; 6.1 UN1664 II 6.1 T14 None 202 243 5 L 60 L A
Nitrotoluenes, solid m-, or p- 6.1 UN1664 II 6.1 T14 None 212 242 25 kg 100 kg A
Nitroxylenes, (o-; m-; p-) 6.1 UN1665 II 6.1 T14 None 202 243 5 L 60 L A
N-n-Butyl imidazole 6.1 UN2690 II 6.1 T8 None 202 243 5 L 60 L A
Organoarsenic compound, n.o.s. 6.1 UN3280 II 6.1 T14 None 212 242 25 kg 100 kg B
Organochlorine pesticides, liquid, toxic 6.1 UN2996 II 6.1 T14 None 202 243 5 L 60 L B40
Organochlorine pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN2995 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Organochlorine pesticides, solid toxic 6.1 UN2761 II 6.1 None 212 242 25 kg 100 kg A40
G Organometallic compound, toxic n.o.s. 6.1 UN3282 II 6.1 T14 None 212 242 25 kg 100 kg B

Organophosphorus compound, toxic n.o.s. 6.1 UN3278 II 6.1 T14 None 202 243 5 L 60 L B
Organophosphorus compound, toxic, flammable, n.o.s. 6.1 UN3279 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Organophosphorus pesticides, liquid, toxic 6.1 UN3018 II 6.1 N76, T14 None 202 243 5 L 60 L B40
Organophosphorus pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3017 II 6.1, 3 N76, T14 None 202 243 5 L 60 L B40

Organophosphorus pesticides, solid, toxic 6.1 UN2783 II 6.1 N77 None 212 242 25 kg 100 kg A40
Organotin compounds, liquid, n.o.s. 6.1 UN2788 II 6.1 A3, N33, N34, T14 None 202 243 5 L 60 L A40
Organotin compounds, solid, n.o.s. 6.1 UN3146 II 6.1 None 212 242 25 kg 100 kg A40
Organotin pesticides, liquid, toxic 6.1 UN3020 II 6.1 T14 None 202 243 5 L 60 L B40
Organotin pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3019 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Organotin pesticides, solid, toxic 6.1 UN2786 II 6.1 None 212 242 25 kg 100 kg A40
D Parathion 6.1 NA2783 II 6.1 T14 None 202 243 Forbidden 5 L A40

Pentachloroethane 6.1 UN1669 II 6.1 T14 None 202 243 5 L 60 L A40
Pentachlorophenol 6.1 UN3155 II 6.1 None 212 242 25 kg 100 kg A

G Pesticides, liquid, toxic, flammable, n.o.s. flashpoint 
not less than 23 degrees C

6.1 UN2903 II 6.1, 3 T14 None 202 243 5 L 60 L B40

G Pesticides, liquid, toxic, n.o.s. 6.1 UN2902 II 6.1 T14 None 202 243 5 L 60 L B40
G Pesticides, solid, toxic, n.o.s. 6.1 UN2588 II 6.1 None 212 242 25 kg 100 kg A40

Phenacyl bromide 6.1 UN2645 II 6.1 B106 None 212 242 25 kg 100 kg B40
Phenol solutions 6.1 UN2821 II 6.1 T14 None 202 243 5 L 60 L A
Phenol, molten 6.1 UN2312 II 6.1 B14, B100, T8 None 202 243 Forbidden Forbidden B40

+ Phenol, solid 6.1 UN1671 II 6.1 N78, T14 None 212 242 25 kg 100 kg A
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Phenoxyacetic acid derivative pesticide, liquid, toxic, 
flammable, flashpoint not less than 23°C.

6.1 UN3347 II 6.1, 3 T14 153 202 243 5 L 60 L B40

Phenoxyacetic acid derivative pesticide, liquid, toxic. 6.1 UN3348 II 6.1 T14 153 202 243 5 L 60 L B40

Phenoxyacetic acid derivative pesticide, solid, toxic 6.1 UN3345 II 6.1 153 212 242 25 kg 100 kg A40

Phenyl chloroformate 6.1 UN2746 II 6.1, 8 T12 None 202 243 1 L 30 L A12, 13, 21, 25, 
40, 100

Phenyl urea pesticides, liquid, toxic 6.1 UN3002 II 6.1 T14 None 202 243 5 L 60 L B40
Phenylhydrazine 6.1 UN2572 II 6.1 T8 None 202 243 5 L 60 L A40
Phenylmercuric acetate 6.1 UN1674 II 6.1 None 212 242 25 kg 100 kg A
Phenylmercuric compounds, n.o.s. 6.1 UN2026 II 6.1 None 212 242 25 kg 100 kg A
Phenylmercuric hydroxide 6.1 UN1894 II 6.1 None 212 242 25 kg 100 kg A
Phenylmercuric nitrate 6.1 UN1895 II 6.1 None 212 242 25 kg 100 kg A
Potassium arsenate 6.1 UN1677 II 6.1 None 212 242 25 kg 100 kg A
Potassium arsenite 6.1 UN1678 II 6.1 None 212 242 25 kg 100 kg A
Potassium cuprocyanide 6.1 UN1679 II 6.1 None 212 242 25 kg 100 kg A26
Potassium metavanadate 6.1 UN2864 II 6.1 None 212 242 25 kg 100 kg A
Propylene chlorohydrin 6.1 UN2611 II 6.1, 3 T9 None 202 243 5 L 60 L A12, 40, 48
Pyrethroid pesticide, liquid toxic. 6.1 UN3352 II 6.1 153 212 242 5 L 60 L A40
Pyrethroid pesticide, liquid, flammable, toxic, flashpoint 
not less than 23°C.

6.1 UN3351 II 6.1, 3 T14 153 202 243 5 L 60 L B40

Pyrethroid pesticide, solid, toxic. 6.1 UN3349 II 6.1 153 212 242 25 kg 100 kg A40
Selenium compound, n.o.s. 6.1 UN3283 II 6.1 T14 None 212 242 25 kg 100 kg B
Selenium disulfide 6.1 UN2657 II 6.1 None 212 242 25 kg 100 kg A
Silver arsenite 6.1 UN1683 II 6.1 None 212 242 25 kg 100 kg A
Silver cyanide 6.1 UN1684 II 6.1 None 212 242 25 kg 100 kg A26, 40
Sodium ammonium vanadate 6.1 UN2863 II 6.1 None 212 242 25 kg 100 kg A
Sodium arsenate 6.1 UN1685 II 6.1 None 212 242 25 kg 100 kg A
Sodium arsenite, aqueous solutions 6.1 UN1686 II 6.1 T15 None 202 243 5 L 60 L A
Sodium arsenite, solid 6.1 UN2027 II 6.1 None 212 242 25 kg 100 kg A
Sodium azide 6.1 UN1687 II 6.1 B28 None 212 242 25 kg 100 kg A36, 52, 91
Sodium cacodylate 6.1 UN1688 II 6.1 None 212 242 25 kg 100 kg A26
Sodium pentachlorophenate 6.1 UN2567 II 6.1 None 212 242 25 kg 100 kg A

D Sodium selenite 6.1 NA2630 II 6.1 None 212 242 25 kg 100 kg E
G Solids containing toxic liquid, n.o.s. 6.1 UN3243 II 6.1 48 None 212 240 25 kg 100 kg B40

Strontium arsenite 6.1 UN1691 II 6.1 None 212 242 25 kg 100 kg A
Substituted nitrophenol pesticides, liquid, toxic 6.1 UN3014 II 6.1 T14 None 202 243 5 L 60 L B40
Substituted nitrophenol pesticides, liquid, toxic, 
flammable flashpoint not less than 23 degrees C

6.1 UN3013 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Substituted nitrophenol pesticides, solid, toxic 6.1 UN2779 II 6.1 None 212 242 25 kg 100 kg A40
Tear gas candles 6.1 UN1700 II 6.1, 4.1 None 340 None Forbidden 50 kg D 40

D Tear gas devices with more than 2 percent tear gas 
substances, by mass

6.1 NA1693 II 6.1 None 340 None Forbidden Forbidden D 40

G Tear gas substances, liquid, n.o.s. 6.1 UN1693 II 6.1 None 202 None Forbidden 5 L D 40
G Tear gas substances, solid, n.o.s. 6.1 UN1693 II 6.1 None 212 None Forbidden 25 kg D 40

Tellurium compound, n.o.s. 6.1 UN3284 II 6.1 T14 None 212 242 25 kg 100 kg B
Tetrachloroethane 6.1 UN1702 II 6.1 N36, T14 None 202 243 5 L 60 L A40
Tetraethyl dithiopyrophosphate 6.1 UN1704 II 6.1 None 212 242 25 kg 100 kg D 40
Thallium compounds, n.o.s. 6.1 UN1707 II 6.1 None 212 242 25 kg 100 kg A
Thallium nitrate 6.1 UN2727 II 6.1, 5.1 None 212 242 5 kg 25 kg A

D Thallium sulfate, solid 6.1 NA1707 II 6.1 None 212 242 5 kg 50 kg A
Thiocarbamate pesticides, liquid, flammable, toxic, 
flash point not less than 23 degrees C.

6.1 UN3005 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Thiocarbamate pesticides, liquid, toxic 6.1 UN3006 II 6.1 T14 None 202 243 5 L 60 L B40
Thiocarbamate pesticides, solid, toxic. 6.1 UN2771 II 6.1 None 212 242 25 kg 100 kg A40
Thioglycol 6.1 UN2966 II 6.1 T8 None 202 243 5 L 60 L A
Thiolactic acid 6.1 UN2936 II 6.1 T8 None 212 242 25 kg 100 kg A

+ Thiophosgene 6.1 UN2474 II 6.1 2, A7, B9, B14, B32, B74, N33, N34, 
T38, T43, T45

None 227 244 Forbidden 60 L B26, 40

+ Toluene diisocyanate 6.1 UN2078 II 6.1 B110, T14 None 202 243 5 L 60 L D 25, 40
+ Toluidines liquid 6.1 UN1708 II 6.1 T14 None 202 243 5 L 60 L A



Department of Transportation List of Division 6.1 Materials

SYM
BOL PS_NAME1

HAZ 
CLASS

UN 
NUMBER

PACK 
GROUP LABEL SPEC_PROV EXCEPTIONS NONBULK BULK PASS_AIR CARGO_AIR

V
E
S
S
E
L VESSELSP

+ Toluidines solid 6.1 UN1708 II 6.1 None 212 242 25 kg 100 kg A
G Toxic liquid, corrosive, inorganic, n.o.s. 6.1 UN3289 II 6.1, 8 T14 None 202 243 1 L 30 L A

Toxic liquid, inorganic, n.o.s. 6.1 UN3287 II 6.1 B110, T14 None 202 243 5 L 60 L A
G Toxic liquids, corrosive, organic, n.o.s. 6.1 UN2927 II 6.1, 8 T42 None 202 243 1 L 30 L B40
G Toxic liquids, flammable, organic, n.o.s. 6.1 UN2929 II 6.1, 3 T15 None 202 243 5 L 60 L B40
G Toxic liquids, oxidizing, n.o.s. 6.1 UN3122 II 6.1, 5.1 None 202 243 1 L 5 L C

Toxic liquids, water-reactive, n.o.s. 6.1 UN3123 II 6.1, 4.3 None 202 243 1 L 5 L E40
Toxic solid, corrosive, inorganic, n.o.s. 6.1 UN3290 II 6.1, 8 None 212 242 15 kg 50 kg A

G Toxic solid, inorganic, n.o.s. 6.1 UN3288 II 6.1 None 212 242 25 kg 100 kg A
G Toxic solids, corrosive, organic, n.o.s. 6.1 UN2928 II 6.1, 8 None 212 242 15 kg 50 kg B40
G Toxic solids, flammable, organic, n.o.s. 6.1 UN2930 II 6.1, 4.1 B106 None 212 242 15 kg 50 kg B
G Toxic solids, organic, n.o.s. 6.1 UN2811 II 6.1 None 212 242 25 kg 100 kg B
G Toxic solids, oxidizing, n.o.s. 6.1 UN3086 II 6.1, 5.1 None 212 242 15 kg 50 kg C
G Toxic solids, self-heating, n.o.s. 6.1 UN3124 II 6.1, 4.2 None 212 242 15 kg 50 kg D 40
G Toxic solids, water-reactive, n.o.s. 6.1 UN3125 II 6.1, 4.3 B101 None 212 242 15 kg 50 kg D 40
G Toxic, liquids, organic, n.o.s. 6.1 UN2810 II 6.1 B110, T14 None 202 243 5 L 60 L B40

Triazine pesticides, liquid, toxic 6.1 UN2998 II 6.1 T14 None 202 243 5 L 60 L B40
Triazine pesticides, liquid, toxic, flammable, flashpoint 
not less than 23 degrees C

6.1 UN2997 II 6.1, 3 T14 None 202 243 5 L 60 L B40

Triazine pesticides, solid, toxic 6.1 UN2763 II 6.1 None 212 242 25 kg 100 kg A40
Tributylamine 6.1 UN2542 II 6.1 B110, T14 None 202 243 5 L 60 L A
Trichlorobutene 6.1 UN2322 II 6.1 T8 None 202 243 5 L 60 L A25, 40
Tricresyl phosphate with more than 3 percent ortho 
isomer

6.1 UN2574 II 6.1 A3, N33, N34, T8 None 202 243 5 L 60 L A

Tris-(1-aziridinyl)phosphine oxide, solution 6.1 UN2501 II 6.1 T8 None 202 243 5 L 60 L A
Vanadium compound, n.o.s. 6.1 UN3285 II 6.1 T14 None 212 242 25 kg 100 kg B
Vanadyl sulfate 6.1 UN2931 II 6.1 None 212 242 25 kg 100 kg A
Vinyl chloroacetate 6.1 UN2589 II 6.1, 3 T14 None 202 243 5 L 60 L A
Vinylpyridines, inhibited 6.1 UN3073 II 6.1, 3, 8 B100, T8 None 202 243 1 L 30 L B40
Xylenols 6.1 UN2261 II 6.1 T8 None 212 242 25 kg 100 kg A
Xylidines, solid 6.1 UN1711 II 6.1 T14 None 212 242 25 kg 100 kg A
Xylidines, solution 6.1 UN1711 II 6.1 T14 None 202 243 5 L 60 L A
Xylyl bromide 6.1 UN1701 II 6.1 A3, A6, A7, N33 None 340 None Forbidden 60 L D 40
Zinc arsenate or Zinc arsenite or Zinc arsenate and 
zinc arsenite mixtures

6.1 UN1712 II 6.1 None 212 242 25 kg 100 kg A

1,1,1-Trichloroethane 6.1 UN2831 III 6.1 N36, T7 153 203 241 60 L 220 L A40
1,4-Butynediol 6.1 UN2716 III 6.1 A1 None 213 240 100 kg 200 kg A61, 70
1,5,9-Cyclododecatriene 6.1 UN2518 III 6.1 T7 153 203 241 60 L 220 L A40
1-Chloro-3-bromopropane 6.1 UN2688 III 6.1 T2 153 203 241 60 L 220 L A
2,4-Toluylenediamine or 2,4-Toluenediamine 6.1 UN1709 III 6.1 T7 153 213 240 100 kg 200 kg A
2-Amino-5-diethylaminopentane 6.1 UN2946 III 6.1 T1 153 203 241 60 L 220 L A
2-Ethylaniline 6.1 UN2273 III 6.1 T2 153 203 241 60 L 220 L A
2-Methyl-5-ethylpyridine 6.1 UN2300 III 6.1 T7 153 203 241 60 L 220 L A
2-Trifluoromethylaniline 6.1 UN2942 III 6.1 153 203 241 60 L 220 L A
3-Chloropropanol-1 6.1 UN2849 III 6.1 T8 153 203 241 60 L 220 L A
4,4'-Diaminodiphenyl methane 6.1 UN2651 III 6.1 153 213 240 100 kg 200 kg A
4-Chloro-o-toluidine hydrochloride 6.1 UN1579 III 6.1 153 213 240 100 kg 200 kg A
4-Thiapentanal 6.1 UN2785 III 6.1 T8 153 203 241 60 L 220 L D 25, 49
Acridine 6.1 UN2713 III 6.1 153 213 240 100 kg 200 kg A
Acrylamide 6.1 UN2074 III 6.1 T8 153 213 240 100 kg 200 kg A12
Adiponitrile 6.1 UN2205 III 6.1 T1 153 203 241 60 L 220 L A

G Alkaloids, liquid, n.o.s., or Alkaloid salts, liquid, n.o.s. 6.1 UN3140 III 6.1 T7 153 203 241 60 L 220 L A

G Alkaloids, solid, n.o.s. or Alkaloid salts, solid, n.o.s. 
poisonous

6.1 UN1544 III 6.1 153 213 240 100 kg 200 kg A

alpha-Methylbenzyl alcohol 6.1 UN2937 III 6.1 T1 153 203 241 60 L 220 L A
alpha-Naphthylamine 6.1 UN2077 III 6.1 T7 153 213 240 100 kg 200 kg A

+ Aminophenols (o-; m-; p-) 6.1 UN2512 III 6.1 T1 153 213 240 100 kg 200 kg A
Ammonium fluoride 6.1 UN2505 III 6.1 153 213 240 100 kg 200 kg A26
Ammonium fluorosilicate 6.1 UN2854 III 6.1 153 213 240 100 kg 200 kg A26
Aniline hydrochloride 6.1 UN1548 III 6.1 153 213 240 100 kg 200 kg A
Anisidines 6.1 UN2431 III 6.1 T1 153 203 241 60 L 220 L A
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Antimony compounds, inorganic, liquid, n.o.s. 6.1 UN3141 III 6.1 35, T7 153 203 241 60 L 220 L A
Antimony compounds, inorganic, solid, n.o.s. 6.1 UN1549 III 6.1 35 153 213 240 100 kg 200 kg A
Antimony lactate 6.1 UN1550 III 6.1 153 213 240 100 kg 200 kg A
Antimony potassium tartrate 6.1 UN1551 III 6.1 153 213 240 100 kg 200 kg A
Antimony powder 6.1 UN2871 III 6.1 153 213 240 100 kg 200 kg A
Arsenic compounds, liquid, n.o.s. inorganic, including 
arsenates n.o.s.; arsenites, n.o.s.; arsenic sulfides, 
n.o.s.; and organic compounds of arsenic, n.o.s.

6.1 UN1556 III 6.1 153 203 241 60 L 220 L B40

Arsenic compounds, solid, n.o.s. inorganic, including 
arsenates, n.o.s.; arsenites, n.o.s.; arsenic sulfides, 
n.o.s.; and organic compounds of arsenic, n.o.s.

6.1 UN1557 III 6.1 153 213 240 100 kg 200 kg A

Arsenical pesticides, liquid, toxic 6.1 UN2994 III 6.1 T14 153 203 241 60 L 220 L A40
Arsenical pesticides, liquid, toxic, flammable flashpoint 
not less than 23 degrees C

6.1 UN2993 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A40

Arsenical pesticides, solid, toxic 6.1 UN2759 III 6.1 153 213 240 100 kg 200 kg A40
Barium compounds, n.o.s. 6.1 UN1564 III 6.1 153 213 240 100 kg 200 kg A
Barium oxide 6.1 UN1884 III 6.1 153 213 240 100 kg 200 kg A
Beryllium compounds, n.o.s. 6.1 UN1566 III 6.1 153 213 240 100 kg 200 kg A
Bipyridilium pesticides, liquid, toxic 6.1 UN3016 III 6.1 T14 153 203 241 60 L 220 L A40
Bipyridilium pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3015 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A21, 40

Bipyridilium pesticides, solid, toxic 6.1 UN2781 III 6.1 153 213 240 100 kg 200 kg A40
Bromochloromethane 6.1 UN1887 III 6.1 T7 153 203 241 60 L 220 L A
Bromoform 6.1 UN2515 III 6.1 T7 153 203 241 60 L 220 L A12, 40
Butyltoluenes 6.1 UN2667 III 6.1 T2 153 203 241 60 L 220 L A
Cadmium compounds 6.1 UN2570 III 6.1 153 213 240 100 kg 200 kg A
Carbamate pesticides, liquid, toxic 6.1 UN2992 III 6.1 T14 153 203 241 60 L 220 L A40
Carbamate pesticides, liquid, toxic, flammable, flash 
point not less than 23 degrees C

6.1 UN2991 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A40

Carbamate pesticides, solid, toxic 6.1 UN2757 III 6.1 153 213 240 100 kg 200 kg A40
Carbon tetrabromide 6.1 UN2516 III 6.1 153 213 240 100 kg 200 kg A25
Chloroanisidines 6.1 UN2233 III 6.1 153 213 240 100 kg 200 kg A
Chlorobenzyl chlorides 6.1 UN2235 III 6.1 T8 153 203 241 60 L 220 L A
Chloroform 6.1 UN1888 III 6.1 N36, T14 153 203 241 5 L 60 L A40
Chloronitroanilines 6.1 UN2237 III 6.1 153 213 240 100 kg 200 kg A
Chloronitrotoluenes liquid 6.1 UN2433 III 6.1 153 203 241 60 L 220 L A
Chloronitrotoluenes, solid 6.1 UN2433 III 6.1 153 213 240 100 kg 200 kg A
Chlorophenols, liquid 6.1 UN2021 III 6.1 T7 153 203 241 60 L 220 L A
Chlorophenols, solid 6.1 UN2020 III 6.1 T7 153 213 240 100 kg 200 kg A
Chloropicrin mixtures, n.o.s. 6.1 UN1583 III 6.1 153 203 241 Forbidden Forbidden C 40
Chlorotoluidines liquid 6.1 UN2239 III 6.1 T7 153 203 241 60 L 220 L A
Chlorotoluidines solid 6.1 UN2239 III 6.1 153 213 240 100 kg 200 kg A

D, G Compounds, tree killing, liquid or Compounds, weed 
killing, liquid

6.1 NA2810 III 6.1 153 203 241 60 L 220 L A40

Copper based pesticides, liquid, toxic 6.1 UN3010 III 6.1 T14 153 203 241 60 L 220 L A40
Copper based pesticides, liquid, toxic, flammable 
flashpoint not less than 23 degrees C

6.1 UN3009 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A40

Copper based pesticides, solid, toxic 6.1 UN2775 III 6.1 153 213 240 100 kg 200 kg A40
Coumarin derivative pesticides, liquid, toxic 6.1 UN3026 III 6.1 153 203 241 60 L 220 L A40
Coumarin derivative pesticides, liquid, toxic, flammable 
flashpoint not less than 23 degrees C

6.1 UN3025 III 6.1, 3 B1 153 203 242 60 L 220 L A40

Coumarin derivative pesticides, solid, toxic 6.1 UN3027 III 6.1 153 213 240 100 kg 200 kg A40
Cyanide solutions, n.o.s. 6.1 UN1935 III 6.1 T18, T26 153 203 241 60 L 220 L A40, 52
Cyanides, inorganic, solid, n.o.s. 6.1 UN1588 III 6.1 N74, N75 153 213 240 100 kg 200 kg A52
Dibromochloropropane 6.1 UN2872 III 6.1 T7 153 203 241 60 L 220 L A
Dibromomethane 6.1 UN2664 III 6.1 T7 153 203 241 60 L 220 L A
Dibutylaminoethanol 6.1 UN2873 III 6.1 T1 153 203 241 60 L 220 L A
Dichloromethane 6.1 UN1593 III 6.1 N36, T13 153 203 241 60 L 220 L A
Dinitrophenol solutions 6.1 UN1599 III 6.1 T7 153 203 241 60 L 220 L A36

G Disinfectants, liquid, toxic, n.o.s 6.1 UN3142 III 6.1 T7 153 203 241 60 L 220 L A40
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G Disinfectants, solid, toxic, n.o.s. 6.1 UN1601 III 6.1 153 213 240 100 kg 200 kg A40
G Dyes, liquid, toxic, n.o.s or Dye intermediates, liquid, 

toxic, n.o.s.
6.1 UN1602 III 6.1 153 203 241 60 L 220 L A

G Dyes, solid, toxic, n.o.s. or Dye intermediates, solid, 
toxic, n.o.s.

6.1 UN3143 III 6.1 153 213 240 100 kg 200 kg A

Ethyl oxalate 6.1 UN2525 III 6.1 T1 153 203 241 60 L 220 L A
Fluoroanilines 6.1 UN2941 III 6.1 T8 153 203 241 60 L 220 L A
Fluorosilicates, n.o.s. 6.1 UN2856 III 6.1 153 213 240 100 kg 200 kg A26
Furfuryl alcohol 6.1 UN2874 III 6.1 T2 153 203 241 60 L 220 L A26, 74
Glycerol alpha-monochlorohydrin 6.1 UN2689 III 6.1 T2 153 203 241 60 L 220 L A
Hexachloroacetone 6.1 UN2661 III 6.1 T8 153 203 241 60 L 220 L B12, 40
Hexachlorobenzene 6.1 UN2729 III 6.1 153 203 241 60 L 220 L A
Hexachlorobutadiene 6.1 UN2279 III 6.1 T7 153 203 241 60 L 220 L A
Hexachlorophene 6.1 UN2875 III 6.1 153 213 240 100 kg 200 kg A
Hydrazine, aqueous solution with not more than 37 
percent hydrazine, by mass

6.1 UN3293 III 6.1 T7 153 203 241 60 L 220 L A

Hydroquinone 6.1 UN2662 III 6.1 153 213 240 100 kg 200 kg A
G Isocyanates, toxic, n.o.s. or Isocyanate, solutions, 

toxic, n.o.s., flash point more than 61 degrees C and 
boiling point less than 300 degrees C

6.1 UN2206 III 6.1 T8 153 203 241 60 L 220 L E25, 40, 48

Isophorone diisocyanate 6.1 UN2290 III 6.1 T7 153 203 241 60 L 220 L B40
Lead acetate 6.1 UN1616 III 6.1 153 213 240 100 kg 200 kg A
Lead compounds, soluble, n.o.s. 6.1 UN2291 III 6.1 138 153 213 240 100 kg 200 kg A
Magnesium fluorosilicate 6.1 UN2853 III 6.1 153 213 240 100 kg 200 kg A26
Medicine, liquid, toxic, n.o.s. 6.1 UN1851 III 6.1 153 203 241 5 L 5 L C 40
Medicine, solid, toxic, n.o.s. 6.1 UN3249 III 6.1 36 153 213 None 5 kg 5 kg C 40
Mercury based pesticides, liquid, toxic 6.1 UN3012 III 6.1 T14 153 203 241 60 L 220 L A40
Mercury based pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3011 III 6.1, 3 T14 153 203 242 60 L 220 L A40

Mercury based pesticides, solid, toxic 6.1 UN2777 III 6.1 153 213 240 100 kg 200 kg A40
Mercury compounds, liquid, n.o.s. 6.1 UN2024 III 6.1 153 203 241 60 L 220 L B40
Mercury compounds, solid, n.o.s. 6.1 UN2025 III 6.1 153 213 240 100 kg 200 kg A
Metal carbonyls, n.o.s. 6.1 UN3281 III 6.1 T7 153 203 241 60 L 220 L A40
Methyl dichloroacetate 6.1 UN2299 III 6.1 T1 153 203 241 60 L 220 L A
Methyl trichloroacetate 6.1 UN2533 III 6.1 T1 153 203 241 60 L 220 L A

+ N,N-Diethylaniline 6.1 UN2432 III 6.1 T2 153 203 241 60 L 220 L A
N-Ethylaniline 6.1 UN2272 III 6.1 T2 153 203 241 60 L 220 L A
N-Ethylbenzyltoluidines liquid 6.1 UN2753 III 6.1 T14 153 203 241 60 L 220 L A
N-Ethylbenzyltoluidines solid 6.1 UN2753 III 6.1 153 213 240 100 kg 200 kg A
N-Ethyl-N-benzylaniline 6.1 UN2274 III 6.1 T2 153 203 241 60 L 220 L A
Nicotine compounds, liquid, n.o.s. or Nicotine 
preparations, liquid, n.o.s.

6.1 UN3144 III 6.1 T7 153 203 241 60 L 220 L B40

Nicotine compounds, solid, n.o.s. or Nicotine 
preparations, solid, n.o.s.

6.1 UN1655 III 6.1 153 213 240 100 kg 200 kg A

G Nitriles, toxic, n.o.s. 6.1 UN3276 III 6.1 T7 153 203 241 60 L 220 L A
+ Nitroanisole 6.1 UN2730 III 6.1 T8 153 213 240 100 kg 200 kg A

Nitrobromobenzenes liquid 6.1 UN2732 III 6.1 T8, T38 153 203 241 60 L 220 L A
Nitrobromobenzenes solid 6.1 UN2732 III 6.1 153 213 240 100 kg 200 kg A
Nitrocresols 6.1 UN2446 III 6.1 153 213 240 100 kg 200 kg A

+ Nitrophenols (o-; m-; p-;) 6.1 UN1663 III 6.1 T8, T38 153 213 240 100 kg 200 kg A
Nitrotoluidines (mono) 6.1 UN2660 III 6.1 153 213 240 100 kg 200 kg A
N-Methylaniline 6.1 UN2294 III 6.1 T7 153 203 241 60 L 220 L A

+ o-Dichlorobenzene 6.1 UN1591 III 6.1 T7 153 203 241 60 L 220 L A
Organoarsenic compound, n.o.s. 6.1 UN3280 III 6.1 T7 153 213 240 100 kg 200 kg A
Organoarsenic compound, n.o.s. 6.1 UN3280 III 6.1 T7 153 213 240 100 kg 200 kg A
Organochlorine pesticides, liquid, toxic 6.1 UN2996 III 6.1 T14 153 203 241 60 L 220 L A40
Organochlorine pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN2995 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A40

Organochlorine pesticides, solid toxic 6.1 UN2761 III 6.1 153 213 240 100 kg 200 kg A40
G Organometallic compound, toxic n.o.s. 6.1 UN3282 III 6.1 T7 153 213 240 100 kg 200 kg A

Organophosphorus compound, toxic n.o.s. 6.1 UN3278 III 6.1 T7 153 203 241 60 L 220 L A
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Organophosphorus pesticides, liquid, toxic 6.1 UN3018 III 6.1 N76, T14 153 203 241 60 L 220 L A40
Organophosphorus pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3017 III 6.1, 3 B1, N76, T14 153 203 242 60 L 220 L A40

Organophosphorus pesticides, solid, toxic 6.1 UN2783 III 6.1 N77 153 213 240 100 kg 200 kg A40
Organotin compounds, liquid, n.o.s. 6.1 UN2788 III 6.1 T14 153 203 241 60 L 220 L A40
Organotin compounds, solid, n.o.s. 6.1 UN3146 III 6.1 153 213 240 100 kg 200 kg A40
Organotin pesticides, liquid, toxic 6.1 UN3020 III 6.1 T14 153 203 241 60 L 220 L A40
Organotin pesticides, liquid, toxic, flammable, 
flashpoint not less than 23 degrees C

6.1 UN3019 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A40

Organotin pesticides, solid, toxic 6.1 UN2786 III 6.1 153 213 240 100 kg 200 kg A40
G Pesticides, liquid, toxic, flammable, n.o.s. flashpoint 

not less than 23 degrees C
6.1 UN2903 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A40

G Pesticides, liquid, toxic, n.o.s. 6.1 UN2902 III 6.1 T14 153 203 241 60 L 220 L A40
G Pesticides, solid, toxic, n.o.s. 6.1 UN2588 III 6.1 153 213 240 100 kg 200 kg A40
+ Phenetidines 6.1 UN2311 III 6.1 T7 153 203 241 60 L 220 L A

Phenol solutions 6.1 UN2821 III 6.1 T7 153 203 241 60 L 220 L A
Phenoxyacetic acid derivative pesticide, liquid, toxic, 
flammable, flashpoint not less than 23°C.

6.1 UN3347 III 6.1, 3 T14 153 203 241 60 L 220 L A40

Phenoxyacetic acid derivative pesticide, liquid, toxic. 6.1 UN3348 III 6.1 T14 153 203 241 60 L 220 L A40

Phenoxyacetic acid derivative pesticide, solid, toxic 6.1 UN3345 III 6.1 153 213 240 100 kg 200 kg A40

Phenyl urea pesticides, liquid, toxic 6.1 UN3002 III 6.1 T14 153 203 241 60 L 220 L A40
Phenylacetonitrile, liquid 6.1 UN2470 III 6.1 T8 153 203 241 60 L 220 L A26

+ Phenylenediamines (o-; m-; p-;) 6.1 UN1673 III 6.1 153 213 240 100 kg 200 kg A
Phenylmercuric compounds, n.o.s. 6.1 UN2026 III 6.1 153 213 240 100 kg 200 kg A
Potassium fluoride 6.1 UN1812 III 6.1 T8 153 213 240 100 kg 200 kg A26
Potassium fluorosilicate 6.1 UN2655 III 6.1 153 213 240 100 kg 200 kg A26
Pyrethroid pesticide, liquid toxic. 6.1 UN3352 III 6.1 153 213 240 60 L 220 L A40
Pyrethroid pesticide, liquid, flammable, toxic, flashpoint 
not less than 23°C.

6.1 UN3351 III 6.1, 3 T14 153 203 241 60 L 220 L B40

Pyrethroid pesticide, solid, toxic. 6.1 UN3349 III 6.1 153 213 230 100 kg 200 kg A40
Quinoline 6.1 UN2656 III 6.1 T8 153 203 241 60 L 220 L A12
Resorcinol 6.1 UN2876 III 6.1 153 213 240 100 kg 200 kg A
Selenium compound, n.o.s. 6.1 UN3283 III 6.1 T7 153 213 240 100 kg 200 kg A
Sodium arsanilate 6.1 UN2473 III 6.1 153 213 240 100 kg 200 kg A
Sodium arsenite, aqueous solutions 6.1 UN1686 III 6.1 T15 153 203 241 60 L 220 L A
Sodium chloroacetate 6.1 UN2659 III 6.1 153 213 240 100 kg 200 kg A
Sodium fluoride 6.1 UN1690 III 6.1 T8 153 213 240 100 kg 200 kg A26
Sodium fluorosilicate 6.1 UN2674 III 6.1 153 213 240 100 kg 200 kg A26
Substituted nitrophenol pesticides, liquid, toxic 6.1 UN3014 III 6.1 T14 153 203 241 60 L 220 L A40
Substituted nitrophenol pesticides, liquid, toxic, 
flammable flashpoint not less than 23 degrees C

6.1 UN3013 III 6.1, 3 B1, T14 153 203 242 60 L 220 L A40

Substituted nitrophenol pesticides, solid, toxic 6.1 UN2779 III 6.1 153 213 240 100 kg 200 kg A40
Tellurium compound, n.o.s. 6.1 UN3284 III 6.1 T7 153 213 240 100 kg 200 kg A
tert-Butylcyclohexylchloroformate 6.1 UN2747 III 6.1 T8 153 203 241 60 L 220 L A12, 13, 25
Tetrabromoethane 6.1 UN2504 III 6.1 T7 153 203 241 60 L 220 L A
Tetrachloroethylene 6.1 UN1897 III 6.1 N36, T1 153 203 241 60 L 220 L A40
Thiocarbamate pesticides, liquid, flammable, toxic, 
flash point not less than 23 degrees C.

6.1 UN3005 III 6.1, 3 T14 153 203 242 60 L 220 L A40

Thiocarbamate pesticides, liquid, toxic 6.1 UN3006 III 6.1 T14 153 203 241 60 L 220 L A40
Thiocarbamate pesticides, solid, toxic. 6.1 UN2771 III 6.1 153 213 240 100 kg 200 kg A40

G Toxic liquid, inorganic, n.o.s. 6.1 UN3287 III 6.1 T7 153 203 241 60 L 220 L A
G Toxic solid, inorganic, n.o.s. 6.1 UN3288 III 6.1 153 213 240 100 kg 200 kg A
G Toxic solids, organic, n.o.s. 6.1 UN2811 III 6.1 153 213 240 100 kg 200 kg A
G Toxic, liquids, organic, n.o.s. 6.1 UN2810 III 6.1 T7 153 203 241 60 L 220 L A40

Triallyl borate 6.1 UN2609 III 6.1 153 203 241 60 L 220 L A13
Triazine pesticides, liquid, toxic 6.1 UN2998 III 6.1 T14 153 203 241 60 L 220 L A40
Triazine pesticides, liquid, toxic, flammable, flashpoint 
not less than 23 degrees C

6.1 UN2997 III 6.1, 3 T14 153 203 242 60 L 220 L A40

Triazine pesticides, solid, toxic 6.1 UN2763 III 6.1 153 213 240 100 kg 200 kg A40
Trichlorobenzenes, liquid 6.1 UN2321 III 6.1 T7 153 203 241 60 L 220 L A
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Trichloroethylene 6.1 UN1710 III 6.1 N36, T1 153 203 241 60 L 220 L A40
Trimethylhexamethylene diisocyanate 6.1 UN2328 III 6.1 T8 153 203 241 60 L 220 L B
Tris-(1-aziridinyl)phosphine oxide, solution 6.1 UN2501 III 6.1 T7 153 203 241 60 L 220 L A
Vanadium compound, n.o.s. 6.1 UN3285 III 6.1 T7 153 213 240 100 kg 200 kg A
Vanadium pentoxide, non-fused form 6.1 UN2862 III 6.1 153 213 212 240 100 KG 200 kg 100 kg A40

Zinc fluorosilicate 6.1 UN2855 III 6.1 153 213 240 100 kg 200 kg A26
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(ii) If a chemical manufacturer, im-
porter, or employer demonstrates to
OSHA that the execution of a confiden-
tiality agreement would not provide
sufficient protection against the poten-
tial harm from the unauthorized dis-
closure of a trade secret specific chemi-
cal identity, the Assistant Secretary
may issue such orders or impose such
additional limitations or conditions
upon the disclosure of the requested
chemical information as may be appro-
priate to assure that the occupational
health services are provided without an
undue risk of harm to the chemical
manufacturer, importer, or employer.

(11) If a citation for a failure to re-
lease specific chemical identity infor-
mation is contested by the chemical
manufacturer, importer, or employer,
the matter will be adjudicated before
the Occupational Safety and Health
Review Commission in accordance with
the Act’s enforcement scheme and the
applicable Commission rules of proce-
dure. In accordance with the Commis-
sion rules, when a chemical manufac-
turer, importer, or employer continues
to withhold the information during the
contest, the Administrative Law Judge
may review the citation and supporting
documentation in camera or issue ap-
propriate orders to protect the con-
fidentiality of such matters.

(12) Notwithstanding the existence of
a trade secret claim, a chemical manu-
facturer, importer, or employer shall,
upon request, disclose to the Assistant
Secretary any information which this
section requires the chemical manufac-
turer, importer, or employer to make
available. Where there is a trade secret
claim, such claim shall be made no
later than at the time the information
is provided to the Assistant Secretary
so that suitable determinations of
trade secret status can be made and
the necessary protections can be imple-
mented.

(13) Nothing in this paragraph shall
be construed as requiring the disclo-
sure under any circumstances of proc-
ess or percentage of mixture informa-
tion which is a trade secret.

(j) Effective dates. Chemical manufac-
turers, importers, distributors, and em-
ployers shall be in compliance with all
provisions of this section by March 11,
1994.

NOTE: The effective date of the clarifica-
tion that the exemption of wood and wood
products from the Hazard Communication
standard in paragraph (b)(6)(iv) only applies
to wood and wood products including lumber
which will not be processed, where the manu-
facturer or importer can establish that the
only hazard they pose to employees is the
potential for flammability or combustibility,
and that the exemption does not apply to
wood or wood products which have been
treated with a hazardous chemical covered
by this standard, and wood which may be
subsequently sawed or cut generating dust
has been stayed from March 11, 1994 to Au-
gust 11, 1994.

APPENDIX A TO § 1910.1200—HEALTH
HAZARD DEFINITIONS (MANDATORY)

Although safety hazards related to the
physical characteristics of a chemical can be
objectively defined in terms of testing re-
quirements (e.g. flammability), health haz-
ard definitions are less precise and more sub-
jective. Health hazards may cause measur-
able changes in the body—such as decreased
pulmonary function. These changes are gen-
erally indicated by the occurrence of signs
and symptoms in the exposed employees—
such as shortness of breath, a non-measur-
able, subjective feeling. Employees exposed
to such hazards must be apprised of both the
change in body function and the signs and
symptoms that may occur to signal that
change.

The determination of occupational health
hazards is complicated by the fact that many
of the effects or signs and symptoms occur
commonly in non-occupationally exposed
populations, so that effects of exposure are
difficult to separate from normally occur-
ring illnesses. Occasionally, a substance
causes an effect that is rarely seen in the
population at large, such as angiosarcomas
caused by vinyl chloride exposure, thus mak-
ing it easier to ascertain that the occupa-
tional exposure was the primary causative
factor. More often, however, the effects are
common, such as lung cancer. The situation
is further complicated by the fact that most
chemicals have not been adequately tested
to determine their health hazard potential,
and data do not exist to substantiate these
effects.

There have been many attempts to cat-
egorize effects and to define them in various
ways. Generally, the terms ‘‘acute’’ and
‘‘chronic’’ are used to delineate between ef-
fects on the basis of severity or duration.
‘‘Acute’’ effects usually occur rapidly as a
result of short-term exposures, and are of
short duration. ‘‘Chronic’’ effects generally
occur as a result of long-term exposure, and
are of long duration.

The acute effects referred to most fre-
quently are those defined by the American
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National Standards Institute (ANSI) stand-
ard for Precautionary Labeling of Hazardous
Industrial Chemicals (Z129.1–1988)—irrita-
tion, corrosivity, sensitization and lethal
dose. Although these are important health
effects, they do not adequately cover the
considerable range of acute effects which
may occur as a result of occupational expo-
sure, such as, for example, narcosis.

Similarly, the term chronic effect is often
used to cover only carcinogenicity,
teratogenicity, and mutagenicity. These ef-
fects are obviously a concern in the work-
place, but again, do not adequately cover the
area of chronic effects, excluding, for exam-
ple, blood dyscrasias (such as anemia),
chronic bronchitis and liver atrophy.

The goal of defining precisely, in measur-
able terms, every possible health effect that
may occur in the workplace as a result of
chemical exposures cannot realistically be
accomplished. This does not negate the need
for employees to be informed of such effects
and protected from them. Appendix B, which
is also mandatory, outlines the principles
and procedures of hazard assessment.

For purposes of this section, any chemicals
which meet any of the following definitions,
as determined by the criteria set forth in Ap-
pendix B are health hazards. However, this is
not intended to be an exclusive categoriza-
tion scheme. If there are available scientific
data that involve other animal species or
test methods, they must also be evaluated to
determine the applicability of the HCS.7

1. Carcinogen: A chemical is considered to
be a carcinogen if:

(a) It has been evaluated by the Inter-
national Agency for Research on Cancer
(IARC), and found to be a carcinogen or po-
tential carcinogen; or

(b) It is listed as a carcinogen or potential
carcinogen in the Annual Report on Carcino-
gens published by the National Toxicology
Program (NTP) (latest edition); or,

(c) It is regulated by OSHA as a carcino-
gen.

2. Corrosive: A chemical that causes visible
destruction of, or irreversible alterations in,
living tissue by chemical action at the site
of contact. For example, a chemical is con-
sidered to be corrosive if, when tested on the
intact skin of albino rabbits by the method
described by the U.S. Department of Trans-
portation in appendix A to 49 CFR part 173,
it destroys or changes irreversibly the struc-
ture of the tissue at the site of contact fol-
lowing an exposure period of four hours. This
term shall not refer to action on inanimate
surfaces.

3. Highly toxic: A chemical falling within
any of the following categories:

(a) A chemical that has a median lethal
dose (LD50) of 50 milligrams or less per kilo-
gram of body weight when administered oral-
ly to albino rats weighing between 200 and
300 grams each.

(b) A chemical that has a median lethal
dose (LD50) of 200 milligrams or less per kilo-
gram of body weight when administered by
continuous contact for 24 hours (or less if
death occurs within 24 hours) with the bare
skin of albino rabbits weighing between two
and three kilograms each.

(c) A chemical that has a median lethal
concentration (LC50) in air of 200 parts per
million by volume or less of gas or vapor, or
2 milligrams per liter or less of mist, fume,
or dust, when administered by continuous in-
halation for one hour (or less if death occurs
within one hour) to albino rats weighing be-
tween 200 and 300 grams each.

4. Irritant: A chemical, which is not corro-
sive, but which causes a reversible inflam-
matory effect on living tissue by chemical
action at the site of contact. A chemical is a
skin irritant if, when tested on the intact
skin of albino rabbits by the methods of 16
CFR 1500.41 for four hours exposure or by
other appropriate techniques, it results in an
empirical score of five or more. A chemical
is an eye irritant if so determined under the
procedure listed in 16 CFR 1500.42 or other
appropriate techniques.

5. Sensitizer: A chemical that causes a sub-
stantial proportion of exposed people or ani-
mals to develop an allergic reaction in nor-
mal tissue after repeated exposure to the
chemical.

6. Toxic. A chemical falling within any of
the following categories:

(a) A chemical that has a median lethal
dose (LD50) of more than 50 milligrams per
kilogram but not more than 500 milligrams
per kilogram of body weight when adminis-
tered orally to albino rats weighing between
200 and 300 grams each.

(b) A chemical that has a median lethal
dose (LD50) of more than 200 milligrams per
kilogram but not more than 1,000 milligrams
per kilogram of body weight when adminis-
tered by continuous contact for 24 hours (or
less if death occurs within 24 hours) with the
bare skin of albino rabbits weighing between
two and three kilograms each.

(c) A chemical that has a median lethal
concentration (LC50) in air of more than 200
parts per million but not more than 2,000
parts per million by volume of gas or vapor,
or more than two milligrams per liter but
not more than 20 milligrams per liter of
mist, fume, or dust, when administered by
continuous inhalation for one hour (or less if
death occurs within one hour) to albino rats
weighing between 200 and 300 grams each.

7. Target organ effects.
The following is a target organ categoriza-

tion of effects which may occur, including
examples of signs and symptoms and chemi-
cals which have been found to cause such ef-
fects. These examples are presented to illus-
trate the range and diversity of effects and
hazards found in the workplace, and the
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broad scope employers must consider in this
area, but are not intended to be all-inclusive.

a. Hepatotoxins: Chemicals which produce
liver damage3

Signs & Symptoms: Jaundice; liver en-
largement

Chemicals: Carbon tetrachloride;
nitrosamines

b. Nephrotoxins: Chemicals which produce
kidney damage

Signs & Symptoms: Edema; proteinuria
Chemicals: Halogenated hydrocarbons; ura-

nium
c. Neurotoxins: Chemicals which produce

their primary toxic effects on the nerv-
ous system

Signs & Symptoms: Narcosis; behavioral
changes; decrease in motor functions

Chemicals: Mercury; carbon disulfide
d. Agents which act on the blood or hemato-

poietic system: Decrease hemoglobin
function; deprive the body tissues of oxy-
gen

Signs & Symptoms: Cyanosis; loss of con-
sciousness

Chemicals: Carbon monoxide; cyanides
e. Agents which damage the lung: Chemicals

which irritate or damage pulmonary tis-
sue

Signs & Symptoms: Cough; tightness in
chest; shortness of breath

Chemicals: Silica; asbestos
f. Reproductive toxins: Chemicals which af-

fect the reproductive capabilities includ-
ing chromosomal damage (mutations)
and effects on fetuses (teratogenesis)

Signs & Symptoms: Birth defects; sterility
Chemicals: Lead; DBCP

g. Cutaneous hazards: Chemicals which af-
fect the dermal layer of the body

Signs & Symptoms: Defatting of the skin;
rashes; irritation

Chemicals: Ketones; chlorinated com-
pounds

h. Eye hazards: Chemicals which affect the
eye or visual capacity

Signs & Symptoms: Conjunctivitis; corneal
damage

Chemicals: Organic solvents; acids

APPENDIX B TO § 1910.1200—HAZARD
DETERMINATION (Mandatory)

The quality of a hazard communication
program is largely dependent upon the ade-
quacy and accuracy of the hazard determina-
tion. The hazard determination requirement
of this standard is performance-oriented.
Chemical manufacturers, importers, and em-
ployers evaluating chemicals are not re-
quired to follow any specific methods for de-
termining hazards, but they must be able to
demonstrate that they have adequately
ascertained the hazards of the chemicals pro-
duced or imported in accordance with the
criteria set forth in this Appendix.

Hazard evaluation is a process which relies
heavily on the professional judgment of the
evaluator, particularly in the area of chronic
hazards. The performance-orientation of the
hazard determination does not diminish the
duty of the chemical manufacturer, importer
or employer to conduct a thorough evalua-
tion, examining all relevant data and pro-
ducing a scientifically defensible evaluation.
For purposes of this standard, the following
criteria shall be used in making hazard de-
terminations that meet the requirements of
this standard.

1. Carcinogenicity: As described in para-
graph (d)(4) of this section and Appendix A of
this section, a determination by the Na-
tional Toxicology Program, the Inter-
national Agency for Research on Cancer, or
OSHA that a chemical is a carcinogen or po-
tential carcinogen will be considered conclu-
sive evidence for purposes of this section. In
addition, however, all available scientific
data on carcinogenicity must be evaluated in
accordance with the provisions of this Ap-
pendix and the requirements of the rule.

2. Human data: Where available, epidemio-
logical studies and case reports of adverse
health effects shall be considered in the eval-
uation.

3. Animal data: Human evidence of health
effects in exposed populations is generally
not available for the majority of chemicals
produced or used in the workplace. There-
fore, the available results of toxicological
testing in animal populations shall be used
to predict the health effects that may be ex-
perienced by exposed workers. In particular,
the definitions of certain acute hazards refer
to specific animal testing results (see Appen-
dix A).

4. Adequacy and reporting of data. The re-
sults of any studies which are designed and
conducted according to established scientific
principles, and which report statistically sig-
nificant conclusions regarding the health ef-
fects of a chemical, shall be a sufficient basis
for a hazard determination and reported on
any material safety data sheet. In vitro stud-
ies alone generally do not form the basis for
a definitive finding of hazard under the HCS
since they have a positive or negative result
rather than a statistically significant find-
ing.

The chemical manufacturer, importer, or
employer may also report the results of
other scientifically valid studies which tend
to refute the findings of hazard.

APPENDIX C TO § 1910.1200—[RESERVED]

APPENDIX D TO § 1910.1200—DEFINITION
OF ‘‘TRADE SECRET’’ (MANDATORY)

The following is a reprint of the Restate-
ment of Torts section 757, comment b (1939):
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Michael Balls
ECVAM  JRC
Environment Institute
Ispra (Va) Italy

Martin Barratt
Martin Consultancy
United Kingdom

Bas Blaauboer
Utrecht University
Research Institute of
Toxicology,  Utrecht,
The Netherlands

Meta Bonner
U.S. FDA

Nancy Bordelon
NIEHS

June Bradlaw
International Foundation
for Ethical Research

Ron Brown
FDA/DHHS/CDRH/OS
T/DLS

Nancy Brown-Kobil
Animal Legal Defense
Fund

Peter Bullock
Purdue Pharma LP

Leon Bruner
The Gillette Company

Jennifer Burpee
American Society of
Clinical Pathology

Nicole Cardello
Physicians Committee
for Responsible
Medicine

Kathleen Cater
The Dial Corporation

Jerry Chandler
George Mason
University

Rajendra Chhabra
NIEHS

Larry Claxton
U.S. EPA

Harvey Clewell
KS Crump Group/ICF
Kaiser

Richard Clothier
University of
Nottingham School of
Biomedical Sciences
United Kingdom

Catherine Cohen
L'Oreal  Aulnay-
sousbois, France

Tom Collins
FDA/CFSAN

Robert Combes
FRAME   United
Kingdom

James Cone
CA Dept. of Health
Services

Charles Crespi
Gentest Corp.

Mike Cunningham
NIEHS

Rodger Curren
Institute of Vitro
Sciences Inc.

George Cushmac
Dept. of Transportation

Carol Eisenmann
Cosmetic, Toiletry and
Fragrance Association

Joe Elder
U.S. EPA

Gene Elmore
University of
California,Irvine

Julia Fentem
SEAC Unilever
Research  United
Kingdom

Oliver Flint
Bristol-Meyers Squibb
Company

Anna Forsby
Stockholm University
Dept. of Neurochemistry
& Neurotoxicology
Stockholm, Sweden

John Frazier
U.S. Air Force DOD

Steve Galson
U.S. EPA

Roger Gardner
BPPD U.S. EPA

Elke Genschow
ZEBET at the BG VV
Berlin, Germany

Benjamin Gerson
University Services,
BIEX Clinical
Laboratory Boston
Clinical Laboratories

David Giampocaro
U.S. EPA

Martin Gilman
Celsis Laboratory Group

Alan Goldberg
Johns Hopkins
University School of
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signed Confidential Disclosure
Agreement will be required to receive a
copy of any pending patent
applications.

SUPPLEMENTARY INFORMATION: Gaucher
Disease is a rare inborn error of
metabolism which affects between
10,000 and 20,000 people worldwide,
40% in the United States. Gaucher
Disease is the most common lipid
storage disease. The symptoms
associated with Gaucher Disease result
from the accumulation of a lipid called
glucocerebroside. This lipid is a
byproduct of the normal recycling of red
blood cells. When the gene with the
instructions for producing an enzyme to
break down this byproduct is defective,
the lipid accumulates. The lipid is
found in many places in the body, but
most commonly in the macrophages in
the bone marrow. There it interferes
with normal bone marrow functions,
such as production of platelets (leading
to bleeding and bruising) and red blood
cells (leading to anemia) and potentially
death. The presence of glucocerebroside
seems to also trigger the loss of minerals
in the bones, causing the bones to
weaken, and can interfere with the
bone’s blood supply.

The field of use is directed to the
development of therapies for remedying
enzyme deficiencies in the treatment of
Gaucher Disease.

The prospective exclusive license will
be royalty-bearing and will comply with
the terms and conditions of 35 U.S.C.
209 and 37 CFR 404.7. The prospective
exclusive license may be granted unless,
within ninety (90) days from the date of
this published notice, NIH receives
written evidence and argument that
establishes that the grant of the license
would not be consistent with the
requirements of 35 U.S.C. 209 and 37
CFR 404.7.

Applications for a license filed in
response to this notice will be treated as
objections to the grant of the
contemplated license. Comments and
objections submitted in response to this
notice will not be made available for
public inspection, and, to the extent
permitted by law, will not be released
under the Freedom of Information Act,
5 U.S.C. 552.

Dated: September 11, 2000.

Jack Spiegel,
Director, Division of Technology Development
and Transfer, Office of Technology Transfer.
[FR Doc. 00–24241 Filed 9–20–00; 8:45 am]

BILLING CODE 4140–01–M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Public Health Service

National Institute of Environmental
Health Sciences (NIEHS), National
Institutes of Health (NIH), National
Toxicology Program (NTP); Notice of
an International Workshop on In Vitro
Methods for Assessing Acute
Systemic Toxicity, co-sponsored by
NIEHS, NTP and the U.S.
Environmental Protection Agency
(EPA): Workshop Agenda and
Registration Information

SUMMARY: Pursuant to Public Law 103–
43, notice is hereby given of a public
meeting sponsored by NIEHS, the NTP,
and the EPA, and coordinated by the
Interagency Coordinating Committee on
the Validation of Alternative Methods
(ICCVAM) and the NTP Interagency
Center for the Evaluation of Alternative
Toxicological Methods (NICEATM). The
agenda topic is a scientific workshop to
assess the current status of in vitro test
methods for evaluating the acute
systemic toxicity potential of chemicals
and to develop recommendations for
future research, development, and
validation studies. The workshop will
take place on October 17–20, 2000, at
the Hyatt Regency Crystal City Hotel,
2799 Jefferson Davis Highway,
Arlington, VA, 22202. The meeting will
be open to the public.

In a previous Federal Register notice
(Vol. 65, No. 115, pp. 37400–37403),
ICCVAM requested information and
data that should be considered at the
Workshop and nominations of expert
scientists to participate in the
Workshop. A preliminary list of relevant
studies to be considered for the
Workshop was also provided. As a
result of this request, an ICCVAM
interagency Workshop Organizing
Committee has selected an international
group of scientific experts to participate
in this Workshop. NICEATM, in
collaboration with ICCVAM, has
developed a background summary of
data and performance characteristics for
available in vitro methods. This
summary will be made available to
invited expert scientists and the public
before the Workshop. Requests for the
summary can be made to the address
given below. This notice provides an
agenda, registration information, and
updated details about the Workshop.

Workshop Background and Scope

A. Background
Acute toxicity testing is conducted to

determine the hazards of various
chemicals and products. This

information is used to properly classify
and label materials as to their lethality
in accordance with an internationally
harmonized system (OECD, 1998). Non-
lethal endpoints may also be evaluated
to identify potential target organ
toxicity, toxicokinetic parameters, and
dose-response relationships. While
animals are currently used to evaluate
acute toxicity, recent studies suggest
that in vitro methods may also be
helpful in predicting acute toxicity.

Studies by Spielmann et al. (1999)
suggest that in vitro cytotoxicity
methods may be useful in predicting a
starting dose for in vivo studies, and
thus may potentially reduce the number
of animals necessary for such
determinations. Other studies (e.g.,
Ekwall et al., 2000) have indicated an
association between chemical
concentrations leading to in vitro
cytotoxicity and human lethal blood
concentrations. A program to assess
toxicokinetics and target organ toxicity
utilizing in vitro methods has been
proposed that may provide enhanced
predictions of toxicity and potentially
reduce or replace animal use for some
tests (Ekwall et al., 1999). However,
many of the necessary in vitro methods
for this program have not yet been
developed. Other methods have not
been evaluated in validation studies to
determine their usefulness and
limitations for generating information to
meet regulatory requirements for acute
toxicity testing. Development and
validation of in vitro methods which can
establish accurate dose-response
relationships will be necessary before
such methods can be considered for the
reduction or replacement of animal use
for acute toxicity determinations.

This workshop will examine the
status of available in vitro methods for
assessing acute toxicity. This includes
screening methods for acute toxicity,
such as methods that may be used to
predict the starting dose for in vivo
animal studies, and methods for
generating information on
toxicokinetics, target organ toxicity, and
mechanisms of toxicity. The workshop
will develop recommendations for
validation efforts necessary to
characterize the usefulness and
limitations of these methods.
Recommendations will also be
developed for future mechanism-based
research and development efforts that
might further improve in vitro
assessments of acute systemic lethal and
non-lethal toxicity.

B. Objectives of the Workshop
Four major topics will be addressed:
• In Vitro Screening Methods for

Assessing Acute Toxicity;
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• In Vitro Methods for Toxicokinetic
Determinations;

• In Vitro Methods for Predicting
Organ Specific Toxicity; and

• Chemical Data Sets for Validation of
In Vitro Acute Toxicity Test Methods.

The objectives of the meeting are to:
1. Review the status of in vitro

methods for assessing acute systemic
toxicity:

a. Review the validation status of
available in vitro screening methods for
their usefulness in estimating in vivo
acute toxicity,

b. Review in vitro methods for
predicting toxicokinetic parameters
important to acute toxicity (i.e.,
absorption, distribution, metabolism,
elimination), and

c. Review in vitro methods for
predicting specific target organ toxicity;

2. Recommend candidate methods for
further evaluation in prevalidation and
validation studies;

3. Recommend validation study
designs that can be used to characterize
adequately the usefulness and
limitations of proposed in vitro
methods;

4. Identify reference chemicals that
can be used for development and
validation of in vitro methods for
assessing in vivo acute toxicity; and

5. Identify priority research efforts
necessary to support the development of
mechanism-based in vitro methods to
assess acute systemic toxicity. Such
efforts might include incorporation and
evaluation of new technologies, such as
gene microarrays, and development of
methods necessary to generate dose
response information.

Workshop Information

A. Workshop Agenda

Tuesday, October 17, 2000

8:30 a.m.—Opening Plenary Session
• Workshop Introduction
• Welcome from the National

Toxicology Program (NTP)
• Overview of ICCVAM and

NICEATM
• Acute Toxicity: Historical and

Current Regulatory Perspectives
• Acute Toxicity Data: A Clinical

Perspective
10:30 a.m.—In Vitro Approaches to

Estimate the Acute Toxicity Potential of
Chemicals

• Estimating Starting Doses for In
Vivo Studies using In Vitro Data

• An Integrated Approach for
Predicting Systemic Toxicity

• Opportunities for Future Progress
Public Comment
Breakout Groups’ Charges
12:30 p.m.—Lunch Break

1:45 p.m.—Breakout Groups:
Identifying What Is Needed from In
Vitro Methods

• Screening Methods;
• Toxicokinetic Determinations;
• Predicting Organ Specific Toxicity

and Mechanisms; and
• Chemical Data Sets for Validation
5:30 p.m.—Adjourn for the Day

Wednesday, October 18, 2000

8:00 a.m.—Plenary Session—Status
Reports by Breakout Group Co-Chairs

9:00 a.m.—Breakout Groups: Current
Status of In Vitro Methods for Acute
Toxicity

• Screening Methods;
• Toxicokinetic Determinations;
• Predicting Organ Specific Toxicity

and Mechanisms; and
• Chemical Data Sets for Validation
12:00 p.m.—Lunch Break
1:30 p.m.—Breakout Groups: Current

Status of In Vitro Methods for Acute
Toxicity (Cont’d)

5:30 p.m.—Adjourn for the Day

Thursday, October 19, 2000

8:00 a.m.—Plenary Session—Status
Reports by Breakout Group Co-Chairs

9:00 a.m.—Breakout Groups: Future
Directions for In Vitro Methods for
Acute Toxicity

• Screening Methods;
• Toxicokinetic Determinations;
• Predicting Organ Specific Toxicity

and Mechanisms; and
• Chemical Data Sets for Validation
12:00 p.m.—Lunch Break
1:30 p.m.—Breakout Groups: Future

Directions for In Vitro Methods for
Acute Toxicity (Cont’d)

5:30 p.m.—Adjourn for the Day

Friday, October 20, 2000

8:00 a.m.—Closing Plenary Session—
Reports by Breakout Group Co-Chairs

• Screening Methods;
• Toxicokinetic Determinations;
• Predicting Organ Specific Toxicity

and Mechanisms; and
• Chemical Data Sets for Validation
Public Comment
Closing Comments
12:15 p.m.—Adjourn

B. Workshop Registration

The Workshop meeting will be open
to the public, limited only by the space
available. Due to space limitations,
advance registration is requested by
October 13, 2000. Registration forms can
be obtained by contacting NICEATM at
the address given below or by accessing
the on-line registration form at: http://
iccvam.niehs.nih.gov/invi_reg.htm.
Other relevant Workshop information
(i.e., accommodations, transportation,
etc.) is also provided at this website.

C. Public Comment

The Public is invited to attend the
Workshop and the number of observers
will be limited only by the space
available. Two formal public comment
sessions on Tuesday, October 17th and
Friday, October 20th will provide an
opportunity for interested persons or
groups to present their views and
comments to the Workshop participants
(please limit to one speaker per group).
Additionally, time will be allotted
during each of the Breakout Group
sessions for general discussion and
comments from observers and other
participants. The Public is invited to
present oral comments or to submit
comments in writing for distribution to
the Breakout Groups to NICEATM at the
address given below by October 13,
2000. Oral presentations will be limited
to seven minutes per speaker to allow
for a maximum number of
presentations. Individuals presenting
oral comments are asked to provide a
hard copy of their statement at
registration. For planning purposes,
persons wishing to give oral comments
are asked to check the box provided on
the Registration Form, although requests
for oral presentations will also be
accepted on-site (subject to availability
of time). Persons registering for oral
comments or submitting written
remarks are asked to include their
contact information (name, address,
affiliation, telephone, fax, and e-mail).

Guidelines for Requesting Registration
Form and Submission of Public
Comment

Requests for registration information
and submission of public comments
should be directed to the NTP
Interagency Center for the Evaluation of
Alternative Toxicological Methods,
Environmental Toxicology Program,
NIEHS/NTP, MD EC–17, PO Box 12233,
Research Triangle Park, NC 27709; 919–
541–3398 (phone); 919–541–0947 (fax);
iccvam@niehs.nih.gov (e-mail). Public
comments should be accompanied by
complete contact information including
name, (affiliation, if applicable),
address, telephone number, and e-mail
address.
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Dated: September 12, 2000.
Samuel H. Wilson,
Deputy Director, National Institute of
Environmental Health Sciences.
[FR Doc. 00–24244 Filed 9–20–00; 8:45 am]
BILLING CODE 4140–01–P

DEPARTMENT OF HOUSING AND
URBAN DEVELOPMENT

[Docket No. FR–4463–N–04]

Notice of FHA Debenture Call

AGENCY: Office of the Assistant
Secretary for Housing-Federal Housing
Commissioner, HUD.
ACTION: Notice.

SUMMARY: This Notice announces a
debenture recall of certain Federal
Housing Administration debentures, in
accordance with authority provided in
the National Housing Act.
FOR FURTHER INFORMATION CONTACT:
Richard Keyser, Room 3119P, L’Enfant
Plaza, Department of Housing and
Urban Development, 451 Seventh Street,
SW., Washington, DC 20410, telephone
(202) 755–7510 x137. This is not a toll-
free number.
SUPPLEMENTARY INFORMATION: Pursuant
to Sections 204(c) and 207(j) of the
National Housing Act, 12 U.S.C.
1710(c), 1713(j), and in accordance with
HUD’s regulation at 24 CFR 203.409 and
§ 207.259(e)(3), the Federal Housing
Commissioner, with approval of the
Secretary of the Treasury, announces
the call of all Federal Housing
Administration debentures, with a
coupon rate of 6.625 percent or above,
except for those debentures subject to
‘‘debenture lock agreements’’, that have
been registered on the books of the
Federal Reserve Bank of Philadelphia,
and are, therefore, ‘‘outstanding’’ as of
September 30, 2000. The date of the call
is January 1, 2001.

The debentures will be redeemed at
par plus accrued interest. Interest will
cease to accrue on the debentures as of
the call date. Final interest on any
called debentures will be paid with the
principal at redemption.

During the period from the date of
this notice to the call date, debentures
that are subject to the call may not be
used by the mortgagee for a special
redemption purchase in payment of a
mortgage insurance premium.

No transfer of debentures covered by
the foregoing call will be made on the
books maintained by the Treasury
Department on or after October 1, 2000.
This does not affect the right of the
holder of a debenture to sell or assign
the debenture on or after this date.
Payment of final principal and interest
due on January 1, 2001, will be made
automatically to the registered holder.

Dated: September 15, 2000.
William C. Apgar,
Assistant Secretary for Housing-Federal
Housing Commissioner.
[FR Doc. 00–24288 Filed 9–20–00; 8:45 am]
BILLING CODE 4210–27–M

DEPARTMENT OF THE INTERIOR

Fish and Wildlife Service

Notice of Receipt of Applications for
Permit

Endangered Species
The following applicants have

applied for a permit to conduct certain
activities with endangered species. This
notice is provided pursuant to Section
10(c) of the Endangered Species Act of
1973, as amended (16 U.S.C. 1531, et
seq.):
PRT–841026

Applicant: Thane Wibbels, University of
Alabama at Birmingham, Birmingham, AL

The applicant requests a permit to
import up to 1000 blood samples and up
to 500 tissue samples taken from
Kemp’s Ridley sea turtles (Lepidochelys
kempii) in Mexico for enhancement of
the species through scientific research.
This notification covers activities
conducted by the applicant over a five
year period.
PRT–032758

Applicant: Exotic Feline Breeding
Compound, Inc., Rosamond, CA

The applicant requests a permit to
import 1 captive-born male Amur
leopard (Panthera pardus orientalis)
from the Novosibirsk Zoo, Russia for the
purpose of propagation for the
enhancement of the survival of the
species.

PRT–032757

Applicant: Omaha’s Henry Doorly Zoo,
Omaha, NE

The applicant requests a permit to
import 1 captive-born female Sumatran
tiger (Panthera tigris sumatrae) from the
Surabaya Zoo, Indonesia for the purpose
of propagation for the enhancement of
the survival of the species.
PRT–031061

Applicant: Susan E. Aronoff, Tampa, FL,
33624

The applicant requests a permit to
import 1 captive-born male cheetah
(Acinonyx jubatus) from the Endangered
Animal Foundation, Driftweg, the
Netherlands to enhance the survival of
the species through conservation
education.
PRT–830414

Applicant: Duke University Primate
Center, Durham, NC

The applicant requests re-issuance of
a permit to import two male and three
female wild-caught golden-crowned
sifakas (Propithecus tattersalli) from
Dariana, Madagascar for the purpose of
propagation for the enhancement of the
survival of the species. This notification
covers requests for re-issuances of the
permit by the applicant over a five year
period.
PRT–808256

Applicant: Duke University Primate
Center, Durham, NC

The applicant requests re-issuance of
a permit to import one male and two
female wild-caught diademed sifakas
(Propithecus diadema) from the
Department of Water and Forest,
Maramize, Madagascar for the purpose
of propagation for the enhancement of
the survival of the species. This
notification covers requests for re-
issuances of the permit by the applicant
over a five year period.
PRT–031796

Applicant: Larry Edward Johnson, Boerne,
TX

The applicant requests a permit to
export two male and two female
captive-born ring-tailed lemurs (Catta
lemur) to Munchi’s Zoo, Buenos Aires,
Argentina to enhance the survival of the
species through conservation education
and captive propagation.
PRT–026102

Applicant: Elizabeth G. Stone/University of
Georgia, Athens, GA

The applicant requests a permit to
import salvaged specimens, non-viable
eggs, and biological samples from
Thick-billed parrots (Rhynchopsitta
pachyrhyncha) collected in the wild in
Mexico, for scientific research. This
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is hereby given of the following
meeting.

The meeting will be closed to the
public in accordance with the
provisions set forth in sections
552b(c)(4) and 552b(c)(6), Title 5 U.S.C.,
as amended. The grant applications and
the discussions could disclose
confidential trade secrets or commercial
property such as patentable material,
and personal information concerning
individuals associated with the grant
applications, the disclosure of which
would constitute a clearly unwarranted
invasion of personal privacy.

Name of Committee: National Institute of
Diabetes and Digestive and Kidney Diseases
Special Emphasis Panel, ZDK1 GRB 4 (01).

Date: June 16, 2000.
Time: 8:00 am to 2:00 pm.
Agenda: To review and evaluate grant

applications.
Place: Embassy Suites Hotel, 1300

Concourse Drive, Linthicum, Maryland
21090.

Contact Person: William E. Elzinga,
Scientific Review Administrator, Review
Branch, DEA, NIDDK, Room 647, 6707
Democracy Boulevard, National Institutes of
Health, Bethesda, MD 20892–6600, (301)
594–8895.

This notice is being published less than 15
days prior to the meeting due to the timing
limitations imposed by the review and
funding cycle.
(Catalogue of Federal Domestic Assistance
Program Nos. 93.847, Diabetes,
Endocrinology and Metabolic Research;
93.848, Digestive Diseases and Nutrition
Research; 93.849, Kidney Diseases, Urology
and Hematology Research, National Institutes
of Health, HHS)

Dated: June 8, 2000.
LaVerne Y. Stringfield,
Director, Office of Federal Advisory
Committee Policy.
[FR Doc. 00–14960 Filed 6–13–00; 8:45 am]
BILLING CODE 4140–01–M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institute of Health

National Institute of Nursing Research;
Notice of Closed Meeting

Pursuant to section 10(d) of the
Federal Advisory Committee Act, as
amended (5 U.S.C. Appendix 2), notice
is hereby given of the following
meeting.

The meeting will be closed to the
public in accordance with the
provisions set forth in sections
552b(c)(4) and 552b(c)(6). Title 5 U.S.C.,
as amended. The grant applications and
the discussions could disclose
confidential trade secrets or commercial
property such as patentable material,

and personal information concerning
individuals associated with the grant
applications, the disclosure of which
would constitute a clearly unwarranted
invasion of personal privacy.

Name of Committee: National Institute of
Nursing Research Special Emphasis Panel,
NINR Career Transitional Award
Applications (K22s).

Date: June 21, 2000.
Time: 3:00 PM to 5:00 PM.
Agenda: To review and evaluate grant

applications.
Place: Bethesda Holiday Inn, 8120

Wisconsin Avenue, Bethesda, MD 20852.
Contact Person: Mary J. Stephens-Frazier,

Scientific Review Administrator, National
Institute of Nursing Research, National
Institutes of Health, Natcher Building, Room
3AN32, (301) 594–5971.

This notice is being published less than 15
days prior to the meeting due to the timing
limitations imposed by the review and
funding cycle.
(Catalogue of Federal Domestic Assistance
Program Nos. 93.361, Nursing Research,
National Institute of Health, HHS)

Dated: June 8, 2000.
LaVerne Y. Stringfield,
Director, Office of Federal Advisory
Committee Policy
[FR Doc. 00–14963 Filed 6–13–00; 8:45 am]
BILLING CODE 4140–01–M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

National Institute of Nursing Research;
Notice of Closed Meeting

Pursuant to section 10(d) of the
Federal Advisory Committee Act, as
amended (5 U.S.C. Appendix 2), notice
is hereby given of the following
meeting.

The meeting will be closed to the
public in accordance with the
provisions set forth in sections
552b(c)(4) and 552b(c)(6), Title 5 U.S.C.,
as amended. The grant applications and
the discussions could disclose
confidential trade secrets or commercial
property such as patentable material,
and personal information concerning
individuals associated with the grant
applications, the disclosure of which
would constitute a clearly unwarranted
invasion of personal privacy.

Name of Committee: National Institute of
Nursing Research Special Emphasis Panel,
NINR/ORMH Mentored Research Scientist
Development Award for Minority
Investigators (KO1s).

Date: June 21, 2000.
Time: 8:30 a.m. to 2 p.m.
Agenda: To review and evaluate grant

applications.
Place: Bethesda Holiday Inn, 8120

Wisconsin Avenue, Bethesda, MD 20814.

Contact Person: Mary J. Stephens-Frazier,
Scientific Review Administrator, National
Institute of Nursing Research, National
Institutes of Health, Natcher Building, Room
3AN32, Bethesda, MD 20892, (301) 594–
5971.

This notice is being published less than 15
days prior to the meeting due to the timing
limitations imposed by the review and
funding cycle.
(Catalogue of Federal Domestic Assistance
Program Nos. 93.361, Nursing Research,
National Institutes of Health, HHS)

Dated: June 8, 2000.
LaVerne Y. Stringfield,
Director, Office of Federal Advisory
Committee Policy.
[FR Doc. 00–14964 Filed 6–13–00; 8:45 am]
BILLING CODE 4140–01–M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Public Health Service

National Institute of Environmental
Health Sciences (NIEHS), National
Institutes of Health (NIH), National
Toxicology Program (NTP); Notice of
an International Workshop on In Vitro
Methods for Assessing Acute
Systemic Toxicity, co-sponsored by
NIEHS, NTP and the U.S.
Environmental Protection Agency
(EPA): Request for Data and
Suggested Expert Scientists

SUMMARY: Pursuant to Public Law 103–
43, notice is hereby given of a public
meeting sponsored by NIEHS, the NTP,
and the EPA, and coordinated by the
Interagency Coordinating Committee on
the Validation of Alternative Methods
(ICCVAM) and the NTP Interagency
Center for the Evaluation of Alternative
Toxicological Methods (NICEATM). The
agenda topic is a scientific workshop to
assess the current status of in vitro test
methods for evaluating the acute
systemic toxicity potential of chemicals,
and to develop recommendations for
future development and validation
studies. The workshop will take place
on October 17–20, 2000 at the Hyatt
Regency Crystal City Hotel, 2799
Jefferson Davis Highway, Arlington, VA,
22202. The meeting will be open to the
public.

In preparing for this Workshop,
ICCVAM is requesting: (1) Information
and data that should be considered at
the Workshop, including relevant data
on currently available in vitro methods
for assessing acute systemic toxicity;
and (2) nominations of expert scientists
to participate in the Workshop. An
agenda, registration information, and
other details will be provided in a
subsequent Federal Register notice.
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Background

ICCVAM, with participation by 14
Federal regulatory and research agencies
and programs, was established in 1997
to coordinate issues relating to the
development, validation, acceptance,
and national/international
harmonization of toxicological test
methods. ICCVAM seeks to promote the
scientific validation and regulatory
acceptance of new and improved test
methods applicable to Federal agencies,
including methods that may reduce or
replace animal use, or that refine
protocols to lessen animal pain and
distress. The Committee’s functions
include the coordination of interagency
reviews of toxicological test methods
and communication with stakeholders
throughout the process of test method
development and validation. The
following Federal regulatory and
research agencies participate:
Consumer Product Safety Commission
Department of Defense
Department of Energy
Department of Health and Human

Services
Agency for Toxic Substances and

Disease Registry
Food and Drug Administration
National Institute for Occupational

Safety and Health/CDC
National Institutes of Health
National Cancer Institute
National Institute of Environmental

Health Sciences
National Library of Medicine

Department of the Interior
Department of Labor

Occupational Safety and Health
Administration

Department of Transportation
Research and Special Programs

Administration
Environmental Protection Agency
NICEATM was established in 1998

and provides operational support for the
ICCVAM. NICEATM and ICCVAM
collaborate to carry out activities
associated with the development,
validation, and regulatory acceptance of
proposed new and improved test
methods. These activities may include:

• Test Method Workshops, which are
convened as needed to evaluate the
adequacy of current methods for
assessing specific toxicities, to identify
areas in need of improved or new
testing methods, to identify research
efforts that may be needed to develop
new test methods, and to identify
appropriate development and validation
activities for proposed new methods.

• Expert Panel Meetings, which are
typically convened to evaluate the
validation status of a method following
the completion of initial development

and pre-validation studies. Expert
Panels are asked to recommend
additional validation studies that might
be helpful in further characterizing the
usefulness of a method, and to identify
any additional research and
development efforts that might enhance
the effectiveness of a method.

• Independent Peer Review Panel
Meetings, which are typically convened
following the completion of
comprehensive validations studies on a
test method. Peer Review Panels are
asked to develop scientific consensus on
the usefulness and limitations of test
methods to generate information for
specific human health and/or ecological
risk assessment purposes. Following the
independent peer review of a test
method, ICCVAM forwards
recommendations on its usefulness to
agencies for their consideration. Federal
agencies then determine the regulatory
acceptability of a method according to
their mandates.

Additional information about
ICCVAM and NICEATM can be found at
the website: http://
iccvam.niehs.nih.gov.

Workshop Background and Scope

A. Background

Federal regulatory agencies require
toxicity testing to determine the safety
or hazard of various chemicals and
products prior to human exposure.
Agencies use this information to
properly classify and label products as
to their hazard potential. Acute oral
toxicity determinations are currently
made using animals. However, recent
studies (e.g., Spielmann et al., 1999)
suggest that in vitro cytotoxicity
methods may be useful in predicting a
starting dose for in vivo studies, and
thus may potentially reduce the number
of animals necessary for such
determinations.

Other studies (e.g., Ekwall et al., 2000)
have indicated an association between
in vitro cytotoxicity and human lethal
blood concentrations. However, these in
vitro methods have not yet been
evaluated in validation studies to
determine their usefulness and
limitations for generating acute toxicity
testing information necessary to meet
regulatory testing requirements.
Additionally, other in vitro methods
would likely be necessary to establish
accurate dose-response relationships
before such methods could substantially
reduce or replace animal use for acute
toxicity determinations.

This workshop will examine the
status of available in vitro methods and
develop recommendations for validation
efforts necessary to characterize the

usefulness and limitations of existing
methods. Recommendations for future
research and development efforts that
might further enhance the usefulness of
in vitro assessments of acute systemic
lethal toxicity will also be developed.

B. Objectives of the Workshop

Four major topics will be addressed:
1. General cytotoxicity methods

predictive of acute lethal toxicity;
2. Toxicokinetic and organ specific

toxicity methods;
3. Reference chemicals for validation

of the above methods; and
4. The use of quantitative structure

activity relationships (QSAR) and
chemical/physical properties for
predicting acute lethal toxicity.

The objectives of the meeting are to:
1 a. Identify and review the status of

in vitro general cytotoxicity screening
methods that may reduce animal use for
assessing acute systemic toxicity;

b. Identify information from in vitro
methods necessary to predict acute
systemic toxicity and review the status
of relevant methods (e.g., in vitro
methods to assess gut absorption,
metabolism, blood-brain barrier
penetration, volume distribution to
critical target organs, and specific target
organ toxicity);

2. Identify candidate methods for
further evaluation in prevalidation and
validation studies;

3. Identify reference chemicals useful
for development and validation of in
vitro methods for assessing acute
systemic toxicity;

4. Identify validation study designs
needed to adequately characterize the
proposed methods in 2.; and

5. Identify priority research efforts
necessary to support the development of
in vitro methods to adequately assess
acute systemic toxicity. Such efforts
might include incorporation and
evaluation of new technologies such as
gene microarrays, and development of
methods necessary to generate dose
response information.

C. Methods for Consideration

Given the breadth of the workshop
topics, many methods are likely to be
considered relevant to the discussion.
Methods will include but are not
limited to those proposed in the
Multicentre Evaluation of In Vitro
Cytotoxicity (MEIC) battery (http://
www.ctlu.se). A background document
summarizing the data and performance
characteristics for available methods is
being prepared by NICEATM in
collaboration with the ICCVAM
interagency organizing committee.
Information received as a result of this
Federal Register notice will be
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considered for inclusion in the
background document. In formulating
its recommendations, the Workshop
participants will evaluate information in
the background document and relevant
information from other sources.

D. Test Method Data and Information
Sought

Data are sought from completed,
ongoing, or planned studies that provide
comparative performance data for in
vitro methods compared to currently
accepted in vivo methods for
determining acute lethal toxicity and
hazard classification. Data from test
methods that provide toxicokinetic and
specific target organ toxicity
information are also sought.
Submissions should describe the extent
to which established criteria for
validation and regulatory acceptance
have been addressed. These criteria are
provided in ‘‘Validation and Regulatory
Acceptance of Toxicological Test
Methods: A Report of the ad hoc
Interagency Coordinating Committee on
the Validation of Alternative Methods,’’
NIH publication 97–3981 (http://ntp-
server.niehs.nih.gov/htdocs/ICCVAM/
iccvam.html). Where possible,
submitted data and information should
adhere to the guidance provided in the
document, ‘‘Evaluation of the Validation
Status of Toxicological Methods:
General Guidelines for Submissions to
ICCVAM,’’ NIH Publication 99–4496,
(http://iccvam.niehs.nih.gov/doc1.htm).
Both publications are also available on
request from NICEATM at the address
provided below. Relevant information
submitted in response to this request
will be incorporated into the
background material provided to
Workshop participants. A preliminary
list of relevant studies is provided at the
end of this announcement, and public
comment and suggestions for additions
are invited.

NICEATM and the ICCVAM
interagency workshop organizing
committee will compile information on
the studies to be considered at the
Workshop. All data should be submitted
by July 15, 2000 in order to ensure full
consideration.

E. Request for Nomination of Expert
Scientists for the Test Method Workshop

NICEATM is soliciting nominations
for expert scientists to participate in the
Workshop. (See Guidelines for
Submission of Comments below). Types
of expertise likely to be relevant include
acute toxicity testing in animals,
evaluation and treatment of acute
toxicity in humans, development and
use of in vitro methodologies, statistical
data analysis, knowledge of chemical

data sets useful for validation of acute
toxicity studies, and hazard
classification of chemicals and
products. Expertise need not be limited
to these areas, nor will these areas
necessarily be included on the Panel.
An appropriate breadth of expertise will
be sought. If other areas of scientific
expertise are recommended, the
rationale should be provided.

Nominations should be accompanied
by complete contact information
including name, address, institutional
affiliation, telephone number, and e-
mail address. The rationale for
nomination should be provided. If
possible, a biosketch or a curriculum
vitae should be included. To avoid the
potential for candidates being contacted
by a large number of nominators,
candidates need not be contacted prior
to nomination.

Workshop experts will be selected by
an ICCVAM interagency workshop
organizing committee after considering
all nominations received from the
public as well as nominations
developed internally. All nominees will
be contacted for interest and
availability, and curricula vitae will be
solicited from the nominees. Candidates
will be required to disclose potential
conflicts of interest.

Schedule for the Workshop

The Workshop will take place on
October 17–20, 2000 at the Hyatt
Regency Crystal City Hotel, 2799
Jefferson Davis Highway, Arlington, VA
22202. The Workshop meeting will be
open to the public, limited only by
space available.

Submitted methods and supporting
data will be reviewed during the July to
August 2000 timeframe and a
background review document will be
prepared by NICEATM in collaboration
with the ICCVAM interagency
organizing committee. The background
information will be made available to
Workshop experts for discussion at the
meeting and will be available to the
Public in advance of the Workshop.

Public Input Invited

As described above, ICCVAM invites
comments on the scope and process for
the review; comments on the ICCVAM
preliminary list of studies for
consideration; the submission of other
test methods for consideration; and the
nomination of experts to participate in
the Workshop. Nominations must be
submitted within 30 days of the
publication date of this notice, and
other information should be submitted
by July 15, 2000.

Guidelines for Submission of Public
Comment

Correspondence should be directed to
Dr. William S. Stokes, NTP Interagency
Center for the Evaluation of Alternative
Toxicological Methods, Environmental
Toxicology Program, NIEHS/NTP, MD
EC–17, PO Box 12233, Research
Triangle Park, NC 27709; 919–541–3398
(phone); 919–541–0947 (fax);
iccvam@niehs.nih.gov (e-mail). Public
comments should be accompanied by
complete contact information including
name, (affiliation, if applicable),
address, telephone number, and e-mail
address.

Preliminary List of Studies to be
Considered for the Workshop on In
Vitro Methods for Assessing Acute
Systemic Toxicity

ICCVAM has compiled a preliminary
list of relevant studies. The public is
invited to comment on this list, and
suggestions for additions may be
submitted. (See Section of this Federal
Register announcement on Guidelines
for Submission of Public Comments).

Studies that may be completed but
not published are not included here.
This list provides examples of studies
and information that may be appropriate
for consideration by the Workshop
experts.

Balls, M., Blaauboer, B.J., Fentem, J.H.,
Bruner, L., Combes, R.D., Ekwall, B., Fielder,
R.J., Guillouzo, A., Lewis, R.W., Lovell, D.P.,
Reinhardt, C.A., Repetto, G., Sladowski, D.,
Spielmann, H., and Zucco, F. (1995) Practical
aspects of the validation of toxicity test
procedures—The report and
recommendations of ECVAM Workshop 5.
ATLA 23, 129–147.

Bernson, V., Bondesson, I., Ekwall, B.,
Stenberg, K., and Walum, E. (1987) A
multicenter evaluation study of in vitro
cytotoxicity. ATLA, 14, 144–145.

Bondesson, I., Ekwall, B., Stenberg, K.,
Romert, L., and Walum, E. (1988) Instruction
for participants in the multicenter evaluation
study of in vitro cytotoxicity (MEIC). ATLA,
15, 191–193.

Bondesson, I., Ekwall, B., Hellberg, S.,
Romert, L., Stenberg, K., and Walum, E.
(1989) MEIC—A new international
multicenter project to evaluate the relevance
to human toxicity of in vitro cytotoxicity
tests. Cell Biol. Toxicol., 5, 331–347.

Clemedson, C., and Ekwall, B. (1999)
Overview of the final MEIC results: I. The in
vitro-in vivo evaluation. Toxicology In vitro,
13, 657–663.

Clemedson, C., McFarlane-Abdulla, E.,
Andersson, M., Barile, F.A., Calleja, M.C.,
Chesnea

´
, C., Clothier, R., Cottin, M., Curren,

R., Daniel-Szolgay, E., Dierickx, P., Ferro, M.,
Fiskesj’’, G., Garza-Ocanas, L., Goa

´
mez-

Lechoa
´
n, M.J., Gua

¨
lden, M., Isomaa, B.,

Janus, J., Judge, P., Kahru, A., Kemp, R.B.,
Kerszman, G., Kristen, U., Kunimoto, M.,
Ka

¨
renlampi, S., Lavrijsen, K., Lewan L.,

Lilius, H., Ohno, T., Persoone, G., Roguet, R.,
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Romert, L., Sawyer, T., Seibert, H.,
Shrivastava, R., Stammati, A., Tanaka, N.,
Torres Alanis, O., Voss, J–U., Wakuri, S.,
Walum, E., Wang, X., Zucco, F., and Ekwall,
B. (1996) MEIC evaluation of acute systemic
toxicity. Part I. Methodology of 68 in vitro
toxicity assays used to test the first 30
reference chemicals. ATLA, 24, Suppl. 1,
249–272.

Clemedson, C., McFarlane-Abdulla, E.,
Andersson, M., Barile, F.A., Calleja, M.C.,
Chesne

´
, C., Clothier, R., Cottin, M., Curren,

R., Dierickx, P., Ferro, M., Fiskesja
¨
, G., Garza-

Ocanas, L., Go
´
mez-Lecho

´
n, M.J., Gülden, M.,

Isomaa, B., Janus, J., Judge, P., Kahru, A.,
Kemp, R.B., Kerszman, G., Kristen, U.,
Kunimoto, M., Ka

¨
renlampi, S., Lavrijsen, K.,

Lewan L., Lilius, H., Malmsten, A., Ohno, T.,
Persoone, G., Pettersson, R., Roguet, R.,
Romert, L., Sandberg, M., Sawyer, T., Seibert,
H., Shrivastava, R., Sjo

¨
stro

¨
m, M., Stammati,

A., Tanaka, N., Torres Alanis, O., Voss, J–U.,
Wakuri, S., Walum, E., Wang, X., Zucco, F.
and, Ekwall, B. (1996) MEIC evaluation of
acute systemic toxicity. Part II. In vitro
results from 68 toxicity assays used to test
the first 30 reference chemicals and a
comparative cytotoxicity analysis. ATLA, 24,
Suppl. 1, 273–311.

Clemedson, C., Barile, F.A., Ekwall, B.,
Go

¨
mez-Lecho

¨
n, M.J., Hall, T., Imai, K.,

Kahru, A., Logemann, P., Monaco, F., Ohno,
T., Segner, H., Sjo

¨
stro

¨
m, M., Valentino, M.,

Walum, E., Wang, X., and Ekwall, B. (1998).
MEIC evaluation of acute systemic toxicity:
Part III. In vitro results from 16 additional
methods used to test the first 30 reference
chemicals and a comparative cytotoxicity
analysis. ATLA 26, Suppl. 1, 91–129.

Clemedson, C., Aoki, Y., Andersson, M.,
Barile, F.A., Bassi, A.M., Calleja, M.C.,
Castano, A., Clothier, R.H., Dierickx, P.,
Ekwall, B., Ferro, M., Fiskeso

¨
, G., Garza-

Ocanas, L. Go
¨
mez-Lechoa

´
n, M.J., Gülden, M.,

Hall, T., Imai, K., Isomaa, B., Kahru, A.,
Kerszman, G., Kjellstrand, P., Kristen, U.,
Kunimoto, M., Ka

¨
renlampi, S., Lewan, L.,

Lilius, H., Loukianov, A., Monaco, F., Ohno,
T., Persoone, G., Romert, L., Sawyer, T.W.,
Shrivastava, R., Segner, H., Seibert, H.,
Sjo

¨
stro

¨
m, M., Stammati, A., Tanaka, N.,

Thuvander, A., Torres-Alanis, O., Valentino,
M., Wakuri, S., Walum, E., Wieslander, A.,
Wang, X., Zucco, F., and Ekwall, B. (1998).
MEIC evaluation of acute systemic toxicity.
Part IV. In vitro results from 67 toxicity
assays used to test reference chemicals 31–
50 and a comparative cytotoxicity analysis.
ATLA 26, Suppl. 1, 131–183.

Clemedson, C., Barile, F.A., Chesne
´
, C.,

Cottin, M., Curren, R., Ekwall, B., Ferro, M.,
Go

´
mez-Lecho

¨
n, M.J., Imai, K., Janus, J.,

Kemp, R.B., Kerszman, G., Kjellstrand, P.,
Lavrijsen, K., Logemann, P., McFarlane-
Abdulla, E., Roguet, R., Segner, H., Seibert,
H., Thuvander, A., Walum, E., and Ekwall,
Bj. (2000) MEIC evaluation of acute systemic
toxicity: Part VII. Prediction of human
toxicity by results from testing of the first 30
reference chemicals with 27 further in vitro
assays. ATLA 28, Suppl. 1, 161–200.

Ekwall, B. (1995) The basal cytotoxicity
concept, pp 721–725. In Proceedings of the
World Congress on Alternatives and Animal
Use in the Life Sciences: Education,
Research, Testing. Alternative Methods in

Toxicology and the Life Sciences, Vol. 11.
Mary Ann Liebert, New York, 1995.

Ekwall, B. (1999) Overview of the Final
MEIC Results: II. The In vitro/in vivo
evaluation, including the selection of a
practical battery of cell tests for prediction of
acute lethal blood concentrations in humans.
Toxicol. In vitro, 13, 665–673.

Ekwall, B., Go
´
mez-Lecho

´
n, M.J., Hellberg,

S., Bondsson, I., Castell, J.V., Jover, R.,
Ho

¨
gberg, J., Ponsoda, X., Stenberg, K., and

Walum, E. (1990) Preliminary results from
the Scandinavian multicentre evaluation of
in vitro cytotoxicity (MEIC). Toxicol. In vitro,
4, 688–691.

Ekwall, B., Clemedson, C., Crafoord, B.,
Ekwall, Ba., Hallander, S., Walum E., and
Bondesson, I. (1998) MEIC evaluation of
acute systemic toxicity. Part V. Rodent and
human toxicity data for the 50 reference
chemicals. ATLA 26, Suppl. 2, 569–615.

Ekwall, B., Barile., F.A., Castano, A.,
Clemedson, C., Clothier, R.H., Dierickx, P.,
Ekwall, B., Ferro, M., Fiskesjo

¨
;, G., Garza-

Ocanas, L., Go
´
mez-Lecho

´
n, M-J., Gülden, M.,
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Deputy Director, National Institute of
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BILLING CODE 4140–01–P

DEPARTMENT OF HOUSING AND
URBAN DEVELOPMENT

[Docket No. FR–4564–N–03]

Notice of Proposed Information
Collection: Lead Hazard Control Grant
Program Data Collection—Progress
Reporting

AGENCY: Office of Lead Hazard Control.
ACTION: Notice.

SUMMARY: The revised information
collection requirement described below
will be submitted to the Office of
Management and Budget (OMB) for
review, as required by the Paperwork
Reduction Act. The Department is
soliciting public comments on the
subject proposal.
DATES: Comments Due Date: August 14,
2000.
ADDRESSES: Interested persons are
invited to submit comments regarding
this proposal. Comments should refer to
the proposal by name and/or OMB
Control Number and should be sent to:
Gail Ward, Reports Liaison Officer,
Department of Housing and Urban
Development, 451 7th Street, SW, Room
P–3206, Washington, DC 20410.
FOR FURTHER INFORMATION CONTACT:
Matthew Ammon at (202) 755–1785,
ext. 158 (this is not a toll-free number)
for copies of the proposed forms and
other available documents.
SUPPLEMENTARY INFORMATION: The
Department is submitting the revised
information collection to OMB for
review, as required by the Paperwork
Reduction Act of 1995 (44 U.S.C.
Chapter 35, as amended).

This Notice is soliciting comments
from members of the public and affected
agencies concerning the proposed
collection of information to: (1) Evaluate
whether the revised collection of
information is necessary for the proper
performance of the functions of the
agency, including whether the
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ICCVAM Recommendations on In Vitro
Methods for Assessing Acute Systemic Toxicity

An International Workshop on In Vitro Methods
for Assessing Acute Systemic Toxicity was
convened in Arlington, VA, on October 17-20,
2000.  The Workshop was organized by the
Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM)
and the National Toxicology Program Interagency
Center for the Evaluation of Alternative
Toxicological Methods (NICEATM), and was co-
sponsored by the U.S. Environmental Protection
Agency (EPA), the National Institute of
Environmental Health Sciences (NIEHS), and the
National Toxicology Program (NTP).  The
Workshop focused on reviewing the validation
status and possible current uses of in vitro
methods to assess acute oral lethality potential of
chemicals.  Workshop participants also
recommended research, development, and
validation efforts that would further advance the
usefulness of in vitro methods.  For a complete
account of Workshop discussions and
recommendations, please refer to the Report of the
International Workshop on In Vitro Methods for
Assessing Acute Systemic Toxicity (NIH
Publication 01-4499).  Based on a review of the
Workshop Report, ICCVAM developed the
following recommendations to forward to Federal
agencies with the Report and Guidance
Document.

Current Uses for In Vitro Methods

Workshop participants considered the merit of
using in vitro cytotoxicity tests for predicting the
acute oral lethality of chemicals in humans and
animals, as suggested by previous studies (e.g.,
Clemedson and Ekwall, 1999; Halle and Goeres,
1988).  They concluded that the available in vitro
assays would require further development to
accurately predict acute lethality (i.e., LD50).
Workshop participants recommended that in vitro
cytotoxicity data be included as one of the factors
used to identify appropriate starting doses for in
vivo acute lethality studies as described by
Spielmann et al. (1999).  In the approach
developed by Spielmann, in vitro cytotoxicity

tests are used to predict starting doses for acute in
vivo lethality assays.

ICCVAM agrees with the Workshop Report that
data from in vitro cytotoxicity assays can be
useful as one of the tools (e.g., SAR or bridging
from similar compounds or mixtures) in setting a
starting dose for the in vivo assessment of acute
oral toxicity.  The attached Guidance Document
on Using In Vitro Data to Estimate In Vivo
Starting Doses for Acute Toxicity  (NIH
Publication 01-4500) describes one method, the
murine BALB/c 3T3 neutral red uptake assay, for
which data for a number of chemicals supports its
potential utility for estimating the starting dose.
Starting doses are calculated using a regression
formula based on an in vitro-in vivo correlation
for 347 chemicals.  Preliminary information
suggests that use of this in vitro approach could
reduce the number of animals currently used in in
vivo acute toxicity tests.  Additionally, new
OECD Guidelines for in vivo acute toxicity testing
recommend a starting dose below the estimated
LD50 to minimize the number of animals that
receive lethal doses and to avoid underestimating
the hazard.  ICCVAM recommends that Federal
agencies consider making information about this
in vitro approach available as one of the tools that
can be used to select an appropriate starting dose
for acute oral toxicity tests.

Research Directions

Workshop participants identified several areas for
research and development activities to advance
the use of in vitro methods for predicting acute
oral toxicity in animals and humans.  ICCVAM
recognizes that there are many directions that such
future research and testing might take.  These
include both near-term and long-term research
activities.

Ø Near-Term Research

ICCVAM concurs with the Workshop
recommendation that near-term validation studies
should focus on two standard cytotoxicity assays:
one using a human cell system and one using a
rodent cell system.  Since the murine BALB/c
3T3 cytotoxicity assay has been evaluated for
only a limited number of chemical classes, there is
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merit in determining its usefulness with a broader
array of chemical classes.  Cell lines established
from the rat rather than the mouse might also be
considered, as most acute oral toxicity testing is
conducted in this species.  Human cell lines
should also be considered since one of the aims of
toxicity testing is to make predictions of potential
toxicity in humans.  Future validation studies
should therefore compare rodent and human in
vitro data with one another, with rodent in vivo
data, and with human in vivo data.  Correlations
between in vitro and in vivo data might help in
selecting cytotoxicity assays for further
evaluation.

The U.S. EPA and NIEHS are collaborating to
further characterize the usefulness of in vitro
methods for acute toxicity testing.  ICCVAM
recognizes that these activities may yield
important information on the near-term and long-
term application of in vitro tests.  ICCVAM
recommends the establishment of an interagency
expert group under ICCVAM to advise on near-
term activities such as assay selection, study
design, and chemical selection.

Ø Long-Term Research

Longer-term research activities should be directed
at improving in vitro systems that provide
information on biokinetics, metabolism, and
organ-specific toxicity.  In vitro methodologies for
gathering biokinetic and target organ specific
effects data are needed to facilitate reasonably
accurate predictions of LD50s, signs and
symptoms associated with toxicity, and
pathophysiological effects.  Research efforts that
might increase the predictive capability of in vitro
assays include:

• Developing the use of quantitative
structure-activity relationship
(QSAR)/quantitative structure-property
relationship (QSPR) models that predict
kinetic parameters such as gut absorption
and passage across the brain, kidney, and
skin barrier systems.

• Developing efficient in vitro  systems that
provide accurate metabolic and biokinetic
data.

• Developing accurate physiologically-
based biokinetic models.

• Developing in vitro systems that
accurately predict organ-specific toxicity.

• Investigating the mechanistic basis for
"outlier" chemicals in in vitro-in vivo
correlations and developing "exclusion"
rules for identifying chemicals that cannot
be accurately evaluated using in vitro
methods.

• Investigating the utility of
toxicogenomics/proteomics for the
assessment of acute toxicity, especially
the prediction of NOAELs/LOAELs for
acute exposure.

ICCVAM appreciates that most of these long-term
research activities will yield further improvements
in the usefulness of in vitro methods for predicting
acute systemic toxicity, but that significant
resources would be required.  ICCVAM
concludes that such activities will warrant
consideration along with other potential research
efforts in establishing priorities.

Adopted by ICCVAM
April 23, 2001
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