APPENDIX E

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.

e Clemedson et al., 1998. MEIC Evaluation of Acute Systemic Toxicity, Part IV. ATLA 26:
131-183. [Table 1]

e Ekwall etal., 1998. MEIC Evaluation of Acute Systemic Toxicity, Part V. ATLA 26: 571-
616. [Tables 11, 111, 1V, V, VI, IX]

e Ekwall et al., 2000. MEIC Evaluation of Acute Systemic Toxicity, Part VIII, ATLA 28
Suppl 1, 201-234. [Figures 1 and 10]

e Ekwall etal., 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).

e 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
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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, HelLa, 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-1clc7, 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 1C50 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
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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);

e 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);

e 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);

e 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 (LCO); and the
median curve between NLC100 and LCO, 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 1C50 response)

The MEIC management team, based on their

analyses of the in vitro IC50 data, obtained the
following results:

The 1* PCA component described 80% of
the variance of all the cytotoxicity data.
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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.

e 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.

e Nine comparisons of similar test systems
employing different primary cultures and
cell lines indicated that they shared
similar toxicities.

e 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:

o 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 (R* = 0.77) of the peak
human lethal blood concentrations (LC50)
of chemicals. The prediction increased
markedly (R*> = 0.83) when a simple
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8.0

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 (R* = 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.

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
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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



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

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 VVd), 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.
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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.

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:
e 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

E-10




Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

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.

E-13




Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)
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Appendix |
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 HCI
Propranolol HCI
Phenobarbital
Paraquat
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Arsenic trioxide
Cupric sulfate
Mercuric chloride
Thioridazine HCI
Thallium sulfate
Warfarin

Lindane

Chloroform

Carbon tetrachloride
Isoniazid
Dichloromethane
Barium nitrate
Hexachlorophene
Pentachlorophenol
Varapamil HCI
Chloroquine phosphate
Orphenadrine HCI
Quinidine sulfate
Diphenylhydantoin
Chloramphenicol
Sodium oxalate
Amphetamine sulfate
Caffeine

Atropine sulfate
Potassium chloride
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Appendix I1: Descriptions of the Essential Traits of 67 in vitro Methods

Table I: Descriptions of the essential traits of 67 in citro methods

Mt hisd

Incub-
Old  Cell typal Tissue ation Testing Refer-
Mo, Mo® itest sysiem of origin Species  Endpoint tima laboratory™ Ence
Human cell lines
I, Il HepG2 Hepatoma Human  Protein contentLowry 24 hours  Dhericks a
2 2 HepG2 Hepatoma Human  Protein content/ 24 hours  Hall, Cambridge & James 5
Sulphorhodamine B
4 12 Hep G2 Hepatomn Human  MTT 24 hours  Gémez-Lechin, Jover, 3,12
Pansoda & Castell®
4 I4  WL1003/Hep GZ' LungHepatoma Human  Morphalogy 24 hours Garza-Ocafias & Torres-Alanis 3
S I3 Chang liver cells  Liver Human  Morphalogy 24 hours  Garza-Ocafins & Torres-Alanis 3
6 I:5 Hela Cervical carcinoma  Human  Morphology 24 hours  Ekwall & Malmsten 3
7. IE Hepl Epithelial carcinoma Human  Protein content/ 24 hours  Stammati, Zucco, Zanetti & 3
of larynx Coomuassie blue staining De Angelis
8 ILT Hep2 Epithelial carcinoma Human  LDH release 24 hours  Stammati, Zucco, Zanetti & 3
af laryna De Angelis
8. I8 HL-&D Promyelocytic Human  ATF content 24 hours  Tanaks, Wakuri, Izumi, 3
beuknemin Sasoki & Ono
I M0l:10 HFL1 Fetal lung cells Human MTT 4 houre  Barile & Sookhoo® 513
1. N:10A 3Q-6 Laung squamous Human  LDH content' 48 hours  Ohno, Wang, Sasaki & Hirano 3, 14
CArCinOma
12, W12 5Q-5 Lung squamous Human  Killing index® 48 hours  Ohno, Wang, Sasaki & Hirano 3, 14
Carcinama
13. Il HB-1 HNeuroblastoma Human  Protein content/ 48 hours  Kunimoto, Miura, Aoki & 3
Crystal violel slaining Kunimoto
14, I:11  MeCoy Epithelial cells from  Human Isﬂ?inﬂ_z...ﬁ?.: 72 hours  Shrivastava & Chevalier 3
synovial Muid blue exclugion
15. 113 WI-1003/Hep G2 LungHepatoma  Human  Slorphology/pH changes 168 hours Garza-Ocafias & Torres-Alanis 3

Source: Clemedson et al. 19r98. MEIC Evaluation of Acute Systemic Toxicity. Part IV. ATLA

26:131-183. (reprinted with permission from the editor)
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i6. 112 Chang liver Laver Human  Morphology/pH changes 168 hours Garza-Ocanas & Torres-Alanis 3
17. II:14 Hzla Cervical carcinoma  Human  pH changes (phenol red) 188 hours  Ekwall & Malmaten a
18, 11 MRC-5 Epithelial colls from Human  Protein content/Lowry Gwoeks  Dierickx 3, 15
(finite coll lined  embryonie lung .
Human primary caltures
19. 120 Polymorphonuclear Blood Human  Vioble cell count Jhours  Valentino, Monaco, 5
leukocyles' Nuorescein discetate Pieragostini, Amati & Governa
Ethidium bromide
200 W22 Polymorphonwchear  Blood Human  Locomotion stimulated 3 hours  Valentine, Monaco, 5
beukocytes’ hy chiematncic peptide Pierngnating, Amnti & Coveraia
Anbmal cell lines
21. Ir1s ELD Subline af Ehrlich  Mouse ATP leakage 10 minutes Lewan & Andersson 3
ascites tumour cells
2P 020 ELD Subline: of Ehrlich  BMaouse ATE beukugy 10 minutes Lewan & Andersson 3
agciles bumour culls
1 1123 HTC Hepatoma Hat Mscromelecular content 24 hours  Ferro, Bassi & Canepa® 3
24, 1126 L2 Lung cpithelinl cells  Hat ["H]-proline uptake 24 hours  Barile, m”.”_m.u-. Arjun & 3, 16
Haopkin
25 13 3T3 Fibroblasis Mouse ~ MTT 24 hours  Gdmez-Lechén, Jover, Ponsoda 3,42
& Castell®
26 040 LLC-PEI1 Hidney Fig Protein cantent 24 hours  Hall, Cambridge & James 5§
. Sulphorhedamine B
27, 1131 BPE Aoy sarcoma Muuse Cell mumbaer/ 48 hours  Homert, Jansson & Jenssen |
Coulter counter
26 1132 PClzh Pheochromocytoma  Rat Protein content 48 hours  Kunimato, Miura, Acki & a
Kunimaota
25, 133 MDBK Kidney Bovine™ , Morphaol rypan Bue 72 hours  Shrivastavs & Chevalier 3
el
0. 11:34 Hepa-lcleT iSub-  Hepatoma Mouse  Frotein content/ T2 hours  Hirenlampi & Malmivaori i
clone of Hepa-1) Coomassie blue staining INVITTOX
protocol
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Table I: continued

Method
Incub-
Md  Cell type/ Tissue ation Testing Refer-
No. Mo test system of origin Species  Endpoint time laboratory® ence
41 IL36  3T3-L1 (Sub- Embryonal Swiss Protein content/Benacid 72 hours  Clothier |
clone of 3T3) lbroblasts MaTGE blue staining
3% II:36 Balk 3T3 ‘Whale embryo Ballkde  Colony formation 168 hours Tanaks, Wakuri, [zumi, 3
A3l-1-1 oL Sasnaki & Onao
Animal primary cultores
43, Muscle cells Skeletal musels Eat Bpontaneous 1 hour Galden, Seibert & Voas 3,
contractility INVITTOX
probecnl 53"
34, 1454 Neurons Embryonal forebrain Chicken  Neutral red uptake 20 hours  Sawyer & Woiss 3
35 1464 Meurons Embryonal forebrain Chicken MTT 21 hours Sawyer & Weiss 3
36. 1150 Hepatocytes® Liwer Male rat  MTT 24 hours  Gibmez-Lechén, Jover, 312
Ponsoda & CastelF
47. 1I:51 Hepatocytes® Liver Male rat  Morphology/Trypan blue 24 hours  Shrivastava & Chevalior 3
exclusion/LDH release®
3. 152 Erythrocytes Peripheral blood Balbie ATP content 24 hours  Tanaka, Wakurs, [zumi, 3
of 3-week males mUEe Sasaki & Ono
B Muscle cells Skeletal muscle Rat Intracellular ereatine 24 hours  Gilden, Seibert & Yoss 3,
kinase activity INVITTOX -
probosal 93
40 Muscle cells Bkeletal muscle Rat Glacose consumption 24 hours  Golden, Seibert & Voas 3,
INVITTOX
- prolocol B3™
il. Muscle cells Skeletal muscle Rat Spontaneous contractility 24 hours  Gilbden, Seibert & Voss 3,
INVITTOX
protecol 3™

E-20



Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

Appendix I11: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

Chemical |[Chemical Rat LD50 Mouse LD50 Ave. Human Dose
Number 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 21.7
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
a7 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
Ferrous sulfate 319 2100 680 4477 392.1 2581.0
Amitriptyline 320 1154 140 505 37.1 133.8
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 375 1697 347 1570 385.8 1745.3
acid
22 Propamolol HCL 466 1575 320 1082 715 241.7
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
Ethylene glycol 4698 75,684 5498 88,567 1570.9 25,304.8
Methanol 5619 175,327 7289 227,414 1569.0 48,954.2
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

Chemical |[Chemical Rat LD50 Mouse LD50 Ave. Human Dose

Number mag/kg umol/kg mag/kg umol/kg mag/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 371 142.1
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 715 241.7
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 25
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

Chemical |Chemical Rat LD50 Mouse LD50 Ave. Human Dose

Number 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 a7 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 45 159 714 250.8
22 Propamolol HCL 466 1575 320 1082 715 241.7
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 Oral Dermal | Inhalation Oral Eye Irritation Skin
Word LDsg LDsg LDsg Lethal Irritation
(mg/kg) | (mg/kg) | (mg/L)? Dose
I - Highly DANGER, 0to 50 0to 200 010 0.05 A few Corrosive Corrosive
Toxic POISON drops to a (irreversible (tissue
(skull & teaspoonful | destruction of destruction
crosshones), ocular tissue) or into the
WARNING corneal dermis and/or
involvement or scarring)
irritation
persisting for
more than 21 days
- CAUTION >50 to >200to | >0.05t00.5 | Overa Corneal Severe
Moderately 500 2,000 teaspoonful | involvement or irritation at
Toxic to one irritation clearing | 72 hours
ounce in 8-21 days (severe
erythema or
edema)
i - CAUTION >500to | >2,000to >0.5t02 Over one Corneal Moderate
Slightly 5,000 20,000 ounce to involvement or irritation at
Toxic one pint irritation clearing | 72 hours
in 7 days or less (moderate
erythema)
V- none >5,000 >20,000 >2 Over one Moderate Mild or slight
Relatively pint to one | irritation at 72 irritation at
Non-toxic pound hours (moderate 72 hours (no
erythema) 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/oppfeadl/labeling/Irm/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
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Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

E-27

4. Sedium Meoride L 75 5 ] 7.5 1.5 4.5 i
MLIx 46 12 2 1 15 1 29
15. Malathion LIy 6O 176 60 70 (BZ) B2
MLD 25 (9, Bar 25
16, 2.4-Dschloro Lo 28f 4.1 I8 7
phenoayacetic acsd MLD 56 65 5.6 81" 5.9
17, Xylene LI 245 194 53 63
MLIM 120 129 215 |
18,  HMicotine LIy D060 0040 D060 0045 005 005 D45 0,05
MLI} 0050 0045 0.5 0005 0036
19, Palpssium cyanide Lx 025 020 0104 0,80 025 0.21
MLI¥ 0.20 02 il i
204, Lithium LD a4 9.4
MLIY Br
208, Lithium salphate LI 43 58
21, Theophylline LIy i 11 (63) 11
MLD i T 5.Z (9, BB 54
22, Dextropropoxyphene LD 078" .64 0,71«
hydrochloride MLD 1.1 0.5 0.75 1.28 0,65 0.B6
23 Propranchol LD EsG E5.1 4 12 B
hydroechloride MLD =1 i
24. Phenoharhbital LIy A ] B 1.5 15 T8
MLD 1.5 [ -] B 48
25  Paraguat L0 4.6 21 3.1 15 1.5 a8
MLD 0.8 D075 018
6. Arsenic trioxide L 025 0.3 0.3 0.29
" __....r -_“.._m_m.__ 021 0.3 012 0.2 02 0.1 018
7. _u_u._"ﬂ.n_. LUy sulphale 15 15 15 ([1] 14
MLD 15 3.5 (har 43
28,  Mercury (11} chloride LD 21 1 2.5 | 1 1.8
MLD 0.5 0.5 0.5 05
2. Thioridazine LD 4.8 RN 12
bydrochloride MLD =3 3
3. Thallium sulphnte LI 1 BS 1 1 1 1 | 098
MLD .56 0B .68




Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

Table 1I: continued

Dose values [g)

Heference nombers

Ly Mher Mean
No. Chemical ML} 10 i 12 13 14 15 18 17 18 19 Feferdnces doses
A Warfarn LD 15 1.5 15
ML) mF
32 Lindane LD 15 8.75 28 17
MED 315 35
31 Chloralform 1D a4 a6 0
MLIY 44 14.8 14 & 14.8 2 22
3. Carban ietrochloaeide (W] 151 Fz g a2
MEIY 1 6.4 iz 6.4 6.4 69
a5 Isoninzid LIy 12s 14 B o128 4 12
MLR L fa B B 10 B4
36 Dichloromelhane .10 Jaz 148 1Lug* Lx)
ML L | &y
F7.  Harium nitrake L1y 2 ] ag 26
ML | |
3. Hexachlorophene (N1} 5 176 2i 15
ML 226 23
3. Pentachborophennl 11¥ | 2 (62 z
ML 2z [ 1.5
0. Verapamil 1] ag 86
hydrochlorsle ML 3 =3 A a4
41. Chloroguine LI 25 7.2 B 58 K| 549
phespihle ML 23 8 12
42, Orphenadrise LIy 2R 28 Bat 28 28 33
hydrechlnride MLD 1 1
43 Quinidine malphate LIy 1A B 11.5 I
MDD 4 =f A" 2 hi]
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44 Diphenylhydani 1.0 EZ1 21
F e ML) ETR 9.1 LY 20 2 mﬂ.ﬂ
45 O Tl 1.0 21

P ML 10 DR, 28 (9 1%

Sodi 1 id» an 1 22 23

' pm e MLD 15, & 5 (640 83
47 Amphetamine i1 0.5 14 0.95
sulphaie M LT w1 0l i 12 0.25 0.14

4R Ualleine LD 15 15 75 15 1] 12 i1
ML E&S I ._..n__F 19 w.___

49 Atropine sulphaie LIy Eooot E0I*  Enz* oi* 0076 .12
MLD 010 0.2 0050 o1z

50 Preaassanm chiliride LI EdS . 16.2 24 (65} B
ML 18 18

“Wigh variebelity as well as tolernmee srakes it difficult to esioblish human LD,

B SINIEX™, Informintron Syetems el B Rumack & .G, Spoerke), Migromedes (Denver, OO0, USAL
" Lo LD
._.h.u:.nh._n__n.!.__ fromn aniemal dosm@e. )
“Greoanelric mean valice, when e guodiend between original valwes (range) is larger than ten.
T lethal prisonings

e suriver aad one dead

*{ne death.

112 Smgikg lethal in 14 dovs (18], 1g lethod i 13 days (171

_....w_______u_._u__ -:ﬂq.—...i..ﬁ
Very varm

LI} = menn fethal dase, ML = mimivad Terhal dese; B = extrapolafed; nr = nof reported
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Appendix V: Clinically Measured Acute Lethal Serum Concentrations in Humans
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13, Sodium in LC nr
sodium chloride  MLC 10800 10800 10600 i 160"

4, Fluoride Lc 3 142 14 a LT
MLC nr

15 Malathion L 4.4 [2E)* E4.4
MLC 035" E0.35

16,  24-Dichlorophencay LT 418 oo 510
ncetic ncid MLC hir

I7. Xylene LC E50 43 (B8} 4T
ML 11k 11

i#,  Micotine Lo 5 4
MLC [] 1] T

19. Cyanule L & 4
MLC 25 a 314 29

20, Lithium LC o F Tk
MLC 24 4 L

21.  Theaphylline LC 183 135 1a0™ 180 160
MLC 1007 ([ Gl L] Ta

22, Dextropropoxy- LG [ 10 4]
phans ML 4 2 184 18

23.  Propranodol LC 16 a3k I . 64
MLC 4.7 4 10

4. Phenobarbital LC 115 17 110 200 136
MLE A 120 10

28,  Poroguat L 2 o
ML 0.2 ng ol 0T

8. Arsenic L ag 1.5 o 1)
MLC nr

27.  Copper L 45 B 5.5
MILC nr
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Table 1T continued

Concentrations (mgh

Heferenoes nambera Other Mean con-

Ly refer- centration

Mo. Chemiecal MLC 10 i 12 ] 14 15 18 17 18 8 Bnces img'ml}
$8. Mercury LG 065" 2 4.3 67" 28
MLC 022 =0.1 0,22

20, Thioridazine L 7.1 il 4
MLLC 1y

A0, Thallium Lo 1518 15"
MLC 03 0.3

41, Warfarin L 110 @8 ELI0°
ML 1o inT

A2 Lindane L 092" ED 92
ML 0.5 0.5

i,  Chloroform L F il 400
MLE 166" Y 184

M. Carbon L e i 45"
tetrmchinride MO 1.5¢ 1.8

B5.  Isominzid L 7 ETT
ML 11 ]

36. Dichloramethane L 300 300
ML nr

A7, Barium (K aT e Ea?
ML 5.6 5.6

38, Hexachloropheno  LE 56 52 44
ML nr

19. Pentachlorophenol  LLC T4 T4
MLET 40 40
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Verapamil L 34a 4.1 gie a7
MLC nr

A1, Chlosmguine L o B k] 2 L] 1
ML nr

42, Orphenadrine L & ag 4.8
ML & &

43, Quinidine L 168* 146 4 4
MLC 14 1] 11

44,  Diphenylbhydanioin 1O o5 7] B 4
MLC 80 B0 56

4f.  Chloramphenical LC 190* E1840
MLLC 75" 68 a8 0

46 Cxalate L 20" 20 20 (26" 20
ML nr

47, Amphetamine LC 4 F] 3
M LC nr

48, Calleine Lo 150 160t 150 150
ML 150 1354 140

48, Atropine L 0,134 E0.13
ML i

50, Potassium Le a7 ae4*  asz am
MLC 293 313 304

“After 4 hours. "After & hours ' After 3 howrs. “As judged from high survived concentrations. "SI analysis. "This value will subsiitute for the
presented LU valur in calewlations based on LC values. *Based on one case only, *Geometricel mean value from a range of values with a
guatient larger than ten *TOMES® Information Services fed. B.H. Rumack & D.G. Spoerke), Micromedex {Denver, 00, USA) ‘Also 89%mgil]
as judged from high survived concenfrations in reference 16, *May include ocule chronic dosoge. 'Prak roncentration. =5iD: 80/170 =130
mgh (17). "Acute dosage. “In blged, "Represents acule on chronie dosage: no reports on single-dose lethal peisorings, *Plane 4 anacathesi,

"Value probably originating from forensic medicine data. "Reported value of %mgi, whick seems too kigh. 'Grey baby syadrome.

E = eslimatediextrapolated; LT = mean lethal serum concentration; MLC = minimal lethal serum concentrafion; SIDF = high survived and
tethal concenfrations from cage reports, with a reselting mean valie; ar = nof reporied
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Appendix VI: Post-Mortem Acute Lethal Concentrations in Humans
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14, Fluoride L 15 2 ] 2 55

ML ar

I5. Malathion L 281 280

ML nr

16, ZA4-Dichlarophenogy. LG AG4 it ]

acelic acid ML mr

it Kybene Lo 43 10.9 3.4 109 20

MLC Br

18, Micoline LA 29 16 b 7™ 22

ML 5 136 9.3

19. Cynnide L 247 37 7.6 3T _w.mw.
ML &

M, Lithium sulphate L g M 35 g

MLC 138 14 14¢

. Th Mine LC i150 150 150 150

ssphy ML 50 50 50 50

12 Dextropropoayphene L 4.7 4.1 15 7. 748

ML 2 1.5 1.8

£l Propranobol L 14 10 9 16 T 11

ML rl 7 7 [

4.  Fhenobarhital L a7 45" 210 135 180

MLC B 47 RO 55 35"

5. Paraguat LC b2 35 1.2 2 i

MLC nr

Y. Arsenic LC aa [ |1 15 236" LR

MLC nr

17, Copper LC a8 125 bt

MLC nir

‘B, Mercury LC 42 0.58 24

MLC 08 0.6

3. Thioridazine L 5.1 424" 5 T A3 IETE 49

ML 2 1] 1.5 24 iz 65

0. Thalliam L 4.0 0.5 A
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Fable 1¥: eontinued

Concentrations (mgl})

Reference numbers Oher Mean con-

L/ rafor centration

No. Chemical MLC 17 20 21 22 b} 4 25 Ences (mgiml}
1. Warlarin LA 100 (3R] L]
ML =1 = 10 = 1D =11 = 10
42, Lindmme LAz nr
MLC Dozt 002
1A, Chlirelorm L 1] 390 ar P A% By
MLC ™ 7
M. Carbon teteachloride L0 274 260 150 230
MLC nAr
‘B, Isominzid 1.7 il i 1507 130
ML 100 100 100
. Dichlaromethane LC 364 280 aa5k i 280 60
e :
AT. Barwum ! nr
MLC  1e! = = 1.9
a8, Hexachlornphene LC as* a5 as a5
MILL T
A9, Pentachloraphenal L 107 o4 100
ML 16 46 45 45
A0, Verapamil L 11 G4 ] 18
MLC 25 25
41, Chla ine Le: W5 172" 1] 11.2* 3 4
o ML 3 4.5 3 B
42,  Orphenmdrine L 206 1] o 16.7 [ 12
MLL 1 7 a8 49
i3, ﬂ_..m..__mn__..____ L 45" 40 3] 40 40 dd
B LA a0 15 H

14. Diphenylhydaninin Li: Tl 4 104

Phanyiho ML 104 70 50 hidl A
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Appendix VII: Human Kinetic Data

Table Vi Human kinetic data®

Fazange ol Blosd

Absorption  Tinee (o peak ¥d blosd-brain Accumulation im pretein = Refer-
Mo,  Chemical imihe gut®  (ingesiion)  Kinetics T kg barrier vilal orgams binding  ences’
1 Farmoetnmeed Gionad 05-= 4 hmre®  First-eorder” = 12 bosars® 08 Free? Liver,” kidney' B0-50F f
A Acvighsalicylc acid Gl Ieroorder 027 bours 02 HRestricied  Nore G050
2B Salievlie ned . 13-4 hours*  Deroorder 27 hours® 017 Hestricted  Nome < B 30
a Bron i1 suilphaie G ** 2-4 hours* Baphasic nr ne Restrscted  Blood, liver LHYE 16, 30
i [Marepam Cmplete 1-3 bsiies Tesplinsie 86 hours® 1.1 Free NS, [ rE..l—___“_. 995
5 Anslriplyliee Lol 21F huoaars® Taphasic Band 27 15 Fres Liver,' kidney, ang,  95%

hydrnebdoride haurs® heart, CHE"
[ Dhigenin Mosdernte #-5 houra® Haphasic 4R hours® B Festricted __.!mr::.ﬂ_. liver™ 9%
7 Erhylens glyool Completr 1 -4 hauirs Furst-order? B4 hours® 065 Fres Liver, rﬂw Nome
H Mletbannl Lhesel 0515 hours  Tero-order 27 hours” 065 Fres Eidney, | Hamie '
0 Exkamninl (el 05-> 1 bours* Zeroorder 4 houra® 06 Free Kone Hane
0. lsopmpared Cnmplete I e Furst-order 5.4 howns® 06 Free Mone nr a
1] LLI-Trichinpoetlane  Comgplete 1 hour® Triphasic M.__..__ i and »1* Free CHE" TR 32,33
12 Phenol Comglete B0 & hours® Riphase? 1.8 bevaarn: ar Free HA A0-TRT M35
13 Sedium ebloride Comgilete & hours® Lero-order  mr Of4 Hestricted  None Mann
14, Sedium Munride Complee = | hagra® b B B bssars 08 Restricied zi.q_“__x._..____a._.._"___. Hone 18
1% Malathsn Giond 1-5 hours® Multiphasie  nr" ne*  Fres Kideey, biver, CHE™  mr® 17-38
18 Ed-Dechlomephenney- Complete -4 hours® First-cader 58 hours™" 02% Restricted Liver, kidney High
mcelic acid
1T Hylene Ginod 1.5 hours Biphaaic I wnd 25 hewsrs  né' Free rc..._.._..rﬂul-._ High 15
18 Micotine Cranpleie’ » G bears®  Raphmic 10 mirutes 3 Fres NS, liver,” kidney™  High
and 22 housra
19 Polassium cyansde  Complete < 1 hour® Biphasic 1 and 6-66 i Free Erythrcytes % 18
20 Lithiam sulphate Complete e Biphasic 3-1% and 0% Restrieted  Liver, kidmey" Hone 16
B-65 hours®

Source: Ekwall etal. 1998. MEIC Evaluation of Acute Systemic Toxicity. PartV. ATLA

26:571-616. (reprinted with permission from the editor)
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2h.  Theophylliee Comglete Z-B heoaara® Biphasie® 1T minses and 05  Free Hone % 63
& hours®
22 Dexiropropeayphens  Complete’ 1-2 bhours Riphasic® Sand 15 houra* 16 Free CHE, liver,” hung, THE
hydrechloride kidney*
23 Proprancil Cemplete’ 1=2 hours Biphasic? 3% and 18 43 Free CHE, liver, kidney'  BO-33% 28
yelireschiles ide heara®?
2 Phenoharbital Compleis e First-order 1003 hours® 08 Free Liwer! 1153 16, 30
35 Parsgual Moderale? < 4 hoars® Biphesic 5 and B4 houra® 14" Fres? Lung, liver, kidney  nr 10
6 Arsens brisuide Cood | becaar Baphasic®  1-Zasd 30 0. Restricted wﬁ.nmaﬂ.i nr
haura®
T Copper 111 galphate  Posr r Biphasic wh_.-i: a2 Restricied  Blood, liver' 5% 18, 41
En.
8 Mercury (Il chioride  Maslerate' Biphasic % and 24-50 =1 Restricied ﬁ kidney, liver, nr* T
29 Theoridazine Good' 24 howrs Multiphasiz 26 bowars 18 Free CHE, lung, liver  98-83% 18,30, 42
hydrochloride kcidney®
30 Thallivm salphaie Cread 2-4 heouars Riphasi® 48 and 96 46 Restricted  Kidney, beard, fver, Mons 16, 30, 43
hours™ Chs=
1. Warfarin Caesced 35 boars First-order  23-96 howrs®  0.11° Restricted  none s 15, 16, 44
32 Lindsne Cenead & houra Aiphasic™ ﬂ hoursarsd  nf Free WE.E.T._..E___.:_. nE 16, 28
33,  Chloroform Complee 1 hour First-order? 1.5 hours 26 Fres m:w kiver, kidney,  nr 16
.11
3. Carken tetrachloride  Good nr Biphmaic® 11 snd 43 hesars® mf'  Fres Liver.” Widnay [ ifal)  nr 18, 45
35 lsesinesd Camplete 15-3hours®  Firsterder 2dand § 06 Free Lives kidney, lung,  10% 16
hours™ slin
5. Dichlaromethass Camplele 2 bouars First-order? 40 minutes 0&" Free Hone ur 1]
37, Parium mitrsis Giood w 2 hours® Triphasie 3.8, 34 and nr Restricied  Musels, lung, (honel  54% I5. 2
Biphasic?™ 1033 daya™™
1 Hezachlorophens Good 3R hours? Ferst-order? 24 howrs® nr Restricted Liwer," kideey s 46, 4T
39  Pentachloropbencl  Good 4 heurs First-order ,ﬂ__.w_.lﬂss 035" Hestricted  Liver,' kidney > B6% 16, 48
bl
A0 Verapamil Good' 2 hours Biphasic D minstesand 5§  Resiricled?  Liver'* i
hydroehlor 5 hours
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Table ¥: continued

Pasange of Blood

Abscrpiien  Time o peak ¥d blosd-brain  Accumulation in protein  Refer-
No. Chemical inthe gut®  (ingestion)  Kinetics ™ g barrier wital arguna binding  encea’
11 Chloruquine Crd 1-3 hinirg® Triphasic 2, Tand 45 94 Free eard, __...ﬂ_..,.ﬁﬂ.. 5-81% 16, 49
phiaphale duys** bang. el
12, Orphenadrine God' 3 bocuars First-order 15 houra & Fres CME, liver, lueg' 20-55% 16, =0, 51
Byl puehllrird e Biphasi?® G and 18 hours®
41 Guinidine sulphate  Gond' = 2 hours® First-order? > 7B bours®  27° Restricted  Liver, kidnay, hesrt"  60-20% 14, 1@
44 Dhphenyl- P ignasd 0120 hours*  Terc-order  24-230 hours®™* 06" Free Liver kideey, CHS  60%* Y
hydaninin wnd firsl-
order*
a5 Chilnrnmphe il rood 23 hours First-order 25 bowrs 12 Fres Liver,' kidney 5%
46 Sodiwm oanlnie Prsor & hours? Firsf-order® 4 huurs?* E0.4* Restricted  Kidney, liver nr % 8l
47 Amphelamine Complete 1-4 Eara® Firsl-order® T34 haurs® 361 Fres Liver. kidnay 6% 15, 16
mulphale
48 Callene Comgleti 1 hour First-order™ 8-16 bouars® 06 . Free Mone (liver 2x) AS-B¥E
43 Atropiee sulphale  Cood > 2 hosars® First-order? 35 hours a  Fres Hidney, liver ) ad, 54
&0 Folassium chloride  Complete 015 houra Mullipheaic  nr nr Free? Mone Hione L1

*Data for the overdoge siluation are indicated by an asterisk®, *Absorption: complete = 100% and rapid, good = 80%, moderate = ..w..nri;.n...h
poor = 0-20%. ‘e value indicates TV of the elimination phase Successive valires represent phoses (nipha, ?__nn efe. ). “Other than
references 10, 11, 13, 14 and 17 "Non-linear in overdose? ‘Also o bintransforming organ. *“POINSINDEX®, Information Systems (ed. BH.
Ruwnack & DG Spoerke), Micromedex (Denver, C0, USA). *Absorbed s acetylsalicylic acid. ‘Due fo corrosivily, 'Probably large, Le. around
5likg, "Early accumulation. 'Documented first therapeutic doses, i.e. bioavailabilily is decreased by rapid binding in the Liver of a large froction
of the absorbed dose (25-85%). For mos! such chemicals, passage of the intestinal murosa is probably complele. However, the term “good © is
often wsed in this fnble, based on literature reports on the toinl absorption (the sum of inlestinal and firat pass reduction of bioavail-
ahlityl " Storw aecumnlation. "Alphka - 2.9 howrs. “Probably large Vd and ein binding, "pH-dependent. *Dependent on ulation.
‘Biphasic up fo 160 hours. *“TOMES®, Information Systems (ed. B, Rumack & D.G. Spoerke), Micromedex (Denver, o, "Varies
between rapid and sinw acetvinfors. “Alpha-phese; 3 hours in overdose. *Dose-dependent.

ar = man reported: CNS = central nervous system (brain); GIT = gastrointestingl tract (gut); T% = plasma half-life; Vd = distribution vol-
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Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

Appendix VII1: Peaks from Approximate 50% Lethal Concentration (LC50) Curves

MMEI’:MMMHM 587

Table VI: Peaks from spproximate 50% lethal concentration (LCH) curves™

Cise réparts
Time to  Peak Lethal
peak cone. Type of Sub- Lethal (posi-
Mo, Chemical {hours) mgl curve lethal (clinical) mortem) Total
1. Paracetamol 4 358 LCE0 81 -+ a 143
2 Salieylic acsd 20 1070 LCED 3l 46 1 T8
3 Iron 4 43.5 LCS0 15 IE g EI
4. Thazepam 2z 189 LC10D0 4
5 Amitriptyvline & 1.68 LCSD | B 1] 24
6. Digoxin 3 0071 LOSD 15 8 1 25
7. Ethylene glyeal 25 1580 LS50 P 12 k! 49
& Methanol 2z Ry ] LC50 L] an ) 120
8, Ethanol i Badl LC50 20 1 143 164
10 lsepropanal 1 4860 LC50 13 Z 2 17
11. 1,1, 1-Trachloro- | 231 LS50 3 L] F E)
ethane
12. Fhenal 0.5 Bl LC50 3 i 4 7
13. Bodigm in soedium 5 117040 LCHO 3 @ 1 13
chloride
14. Fluoride 3 154 LCo 3 3 T 13
15. Malathion ] 1.BS LCo 2 1 i1 14
1E. 2. 4-Dhchlere- 14 1135 LCs0 7 1 4 12
phenoxyacetic acid
17, Xylene 1 110 LCO 3 ] 1 4
18, Nicotine 0.5 135 ﬂ 1% ; 13 3{11
149, de 0.5 16.4
20, mm a 97.2 LC 100 4" i 0 4
21, Theophyiline i2 180 LC50 57 18 1 Té
22 Dextropropoxy- 2 ] LCO 2 1 L] ;)
phene
2. Prapranolol 4 a.11 LC50 & 2 1 o
2d. Phenobarbital 15 230 L2500 20 1 i a9
25, Paraguat 25 126 LC50 23 &6 [ L)
M. Arssmic d 1.65 LC&O 10 B I 21
7. Copper 11 159 LC50 1@ b i 16
28, Mercury 12 401 LC50 12 2 4 L8
. Thwondazine 4 4.08 LCH) 1 | 4 L
3. Thalbum 24 .35 LC50 25 ] . a2

*From reference 28
*Documenied single-dose cases (ol overdose on previous medicEtion )

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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5 B Ekwall o ol
Table ¥1: continoed
Case reports
Time to  FPeak o ];;nllhll
conc. Type Sub- Lethal peieit -

No. Chemical 1&1 mgil curve Jethal (clinical) mortem) Total
31, Warfarin & 200 LCh 3 (1] 1] a
32, Lindame (] 1.3 LOo B 2 1 8
33, Chloroform 2 480 LCEO 2 o .4 7
34, Carbon tetrachloride & 5.8 LC50 5 1 1 7
35, lsonazid a 187 LC50 24 3 4 2
36. Dichloromethane 3 44 LOO a o 8 k]
37. Bartum 2 Aos LC100 | ] L] k]
3B, Hexachlorophene g 116 LG50 2 1 1 4
38, Pentachlorophiencl 10 T8.1 LC50 1 o 3 4
40. Yerapamil 2 13.2 LCED 10 ] 4 23
41. Chlorogquine 2 4l LC&0 4 i ) 14
42 Orphensdrine 2 11.3 LCsa B i B 15
43 Quinidine ] P LCAD ] 2 o L
44. Diphenylhydantoin 34 202 LC5a 13 | o 14
45, Chloramphenical 3] LED Loo ] 4 L] k]
48 Oxalate [ 11D LOn 1 1 i 2
47. Amphetamine 2 15.5 LC50 1 1 5 7
48. Caffesne 3 179 LS4 ] o d 10
49 Arropine k| 4.08 LC100 2 ] ] 2
5. Potassium 1 75 LCo 4 | i B

*Documented single-dose cases (ol overdose on previous medicaiion )

a few argans are rowtinely screensd for chem-
acals, such as blood, heart, lver, kidney. brain
and lung Thus, the infarmation sn body dis-
tribution 15 often limived to these argans.

The qualitohive human foxicity data

The human toxicity data presented in Table
I¥ are the result of & study of references
10-17, in a few instances supplemented by
data from other sources. In the same way as
the kinetic data in Table V, the toeity data
represent the sum of the imformation from
all the handboaks consulted. The classifies-
tion of lethal symproms inte main causes and

other causes of death, as well as the classifi-

cation of lethal sction into known, unknown
and hypathetical mectharsms. represent
judgements by the handbook authors. How-
ever, the lists of lethal sympioms in warsous
handbooks have been extensively edited to
provide uniform terminology. The handbook
authors have used a plethora of terms for
essentially the same type of event. To men-
tion only one example, circulatory failure in
Table [X stands for vascular collapse, vaso-
motor collapse, shock, circulatory shock,
hypovolaemic shock, hypotensive shack, and
&0 O

Potentially the most controversial data in
Table IX are those that are based on mecha-
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Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

Table 1X: Human acute, single-dose toxicity data

Mean Toxic

E-42

time o Danger Target Lathal Refer-
Mo, Chemical Lethal symplama® death GVEF argnns olit mechanlsms eTCen”
1. Paracebaml Hypoglyenemic coma 3-5 days nr Liver P More Lexie HKnown: o
Liver fnilure M Kidney P intracellalar  Covnlent MAPQI binding and
Kidney Failure ICHE) melabolites  lipid poroxkdation
2. Aceiylsalicylic  Metabolic acidosis M 4R heura ne Kidney I*  Balicylic acid  Known: )
weid Cerehonl hleedings Liver P is the reactive General cell poison, Unsoupling
Pulmainary o CHS P mistaholite of .1..:.-_._"—.-_"_.-.-%1?
Cardinvascular fadlwre Lung P the parend imhibeition (1
GIT F eampoutid eyele dehydrogennsean
3 Iren tlh Haemntemesis Gor 48 hours 72 hours GIT P W Kmown: )
dulphabe LT perforatisn Liver F (Garsernl cell poison. Inhibition
Fulmonnry nedema Kidney off pasdative phosporylatien
LS excilalion/depression CHS and ATP: lipld peroxidution
Circulatiory failure CVE
Liver !Hﬂ.&zu_ fnilure Lung P
4, [hapepnm CME depression M 2 houra Jhours CHS Mordiazepam) Unknown
& Amitriplyline  CMBS exeitation = 1Z2hours  Gdsya  CHS [Mortriptyline] Hypothetical:
hydrochloride  depressian Heart Blocks noradrenaline, 5.-HT
Ileart arrythmiastarrest M nnd dopamine presynaplic
uplake; prevents reaplake of
heary poradrenaline
6 Digeain Feart arrythmina T hours M hours  Feart iMstabolites)  Known:
o areest M GIT Impairing ion tranaport and
Hyperhalnemin CH3 irereasing sarcoplasmic Ca by

binding 1o K ATPass,
imcreasing awlomaticity of cells

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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Vazculitis

Blood-hrain barrier

7 Etkyl gl 1=12 howrs: CHE 17 how T2h CHE Flynxalnle Hypothetical:
lene dlyend -:EF_!_.._._.__.-.L_E_.__..-....-___.:_.__ M " e Heart P Glycolale ?Iﬁma.___..r:. lloelendrin,
12-24 hours: heast Enllure Kidney P Ounlate leading to metabolic acidoals,
24-72 howra: kidmey [nilure Oxalate decresses 5-Ca
B Methansl MR wn M 32 heury! CHE —_iﬂ.&.ﬂ H hedical:
hans HLI_..L_.I.__"__H.- 173 hanrs’ " Famereas P Formic noe ._-___wminnh:_n_..!: ol formic acid
Cardiovascular failure Liver P leads to melabolic scidosis
Kidney P Lactate inhibits mitochondrisl
Heart P reapirnticon
8 Ethansl CNS M & hours’ 12 hours  CNS iAcetabdehydel Hypothetical:
" ﬁ:l_m.._ﬂilsl.i:.___-::.__t_ni CVs Interference with cell membrans
o e e e b Deprsssion
much as ion
of postsymapiic potentials in CHS
10. Isoprapan CHE depreasinn M 3 hours 4B hours CHE tp Unkmown Ble
Cardiovarcwlar faalare CWEB
Pricumaonia Lang P
1. 1,1,0-Tri- CHE depression M 3 hours dhourn  CHE P tp Unknown
chiaresthane Heart arryihmias Ve
Cardirvnscular fuilure Lang P
Freumansa
12 Pherol CM% excitatinnddepression M 1| ha 24 hewrs CHS ip Hrawn: 18, 34
y _._nl.."u-nq.n-._.._iﬂ___._._i._-...-. _._... Henrt Gerperal proloplaambe palson
e emnn Liver that denalurales proleing
Liver and kidney fnilure Kidm
GIT
13 Sodi CHS excilatinnddepression M 20 houra 2% hours  CMNS P e Enown: )
nr._._.._.__-mﬂ ﬂ.-iu_ﬂ.._._._ E_ﬂ.._._ﬂ- Lungs Aeute dehydration of brain
Cardinvascular fallure Kidney cella caused hy oamlic whill
Pulmanary sedema VB P of water to Lhe outside of the
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Table IX: continued

E-44

Mean Toxzic
time 1o Danger Targei mela Lethal
Ma, Chemical L#thal symplama® denth CVEF argans ol meechandama
14, Bodium Nuaride  Card Inr fail Z-Ahours 30 hours  Heart® tp Hypathetical.
T Eﬂﬂn:ﬂ_n._ieﬁ: : :.._.3_.._.__# - CHE" Protoplasmis polson interfering
iver with many enzymes.
Kidny May bewer 5.Ca and indace
potassium efMux from cells
15 Malathi Enrly: 05-6 bours 24 houwrs UNE Mabsxon Knewn:
- ....q.._.-.n_.?uﬂ.._n_.lﬁ.qn:_ln_ N ﬂnlhn.“nw_ __.-.l._!.__._.__qﬂ_v_,!nﬂnvtr._“l
”_..l._.___._._.-_.._n_ﬂ__ e sccumulation in CNE and
Heard failure ellector organs
1Heart arrythminanrrest
g 2 4-Dichloso- H {Brer s mynlonin E-56 hours 48 hours CHE P i Feetical:
shomeeosic (B shasioatpremion A Piporeabets e
Henri __-___“_._ﬂnu_ " Henri hn_ tien. [irect loxin Lo
Liver (nilure striabed muscle
17 1 NS ivn M 1-2 hours? T2 hours OCHS P L Uinkrown:
Hylene Hemat "E.m.l._.___.._.__.__.._-u.l.ﬂ___._. " Heart Henrt lwilore coased by sene-
Heart failure lung P tisation of myscardium 1o
Pulmenary eedema Liver P endogencus calecholamines™
18 Micotine M5 eacitatinnidepression M minules dhours  CHE ip Enown:
rdi il =1 haog PME Cholinerghs bloch causl
Cardieascular failure ’ polarisation of CHS and PNS
EYPApSES
19. Potassi CHSR excilation/depression M 0.5-1h 4 houra CHE P ip HKnown:
__.____._HE: rrt_ﬂﬁ e e - Heart General snzyme inhibithen
Cirenlatary failare ¥R High afMinity for ferric fon,

Inhihits OmeE oRidase
and Eher el respirstion




1st e UME depreasion 1-T daya 7 dmva CHE ip Unknown:

Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

milphale Corcuibatory Tailare Heart Fartinl substitution for
Kidney Twilare Kadmey rearmnl codsons of cells may
disturk energy processes?
Thewphylline {"HE exeilation M 1-5 diays Ar CMS ip Unlnown:
Metabalic acidosia Hears Inkibils prostaglandina and
Heart -_._......_.M.._._-:... [LH )] clEMP .._.IE_!__.ll.n.n_-Inlri
Elecirn isturhances receplor antn
GIT Eu_“mu.._ﬂ_ e
Degtropropery: CHS eecitation/depressbsn  0.6-2 hours 24 bours  CHE [ - Hypothetical:
phene Hwart sreylhiminstarnesl Heart aEyphene] Binda te ine receplors,
hydrnchburide Carbinvascular Gilure Stabilizses membranss.
z_uuu_.i......_ﬂ!i s & primary
indoain
Propranodal CHS excitntion/depression 0.5=-2 hours 4-20 hours UNS tp? Unknown:
hydrnchbarsde Cardwwnseular Onilure Heart Betn-edrenergc blocknde?
Bronchoapasm va
. Phennkarkital  CMNS depression M 5 hours- 10 dayn  CHE Iy k etical:
Cireulntory foilure 7 days eari CHE depresaion Lhrough
imhibition of GABA
Inhibits kepatic M.
eytochrome oxidoredociae
. Paragust Enrly 124 htursl: A hours- nr Lung F tp Hypolhetical:
CMS excibatsan § wenhka Kidney P Mo ulti e Tnilure due lo
Pulmaonary oedema lHeart P depletion of superoxide
Heart failure Liver P tase, Formntlon of free-radicals,
Kidmey Enilure B CHE P lipid peroaidation. Lang
. avir fadlars libronm due Lo aeciamulatisn
Lader (48 kours-6 dagal: of parnnuat in this oxygen-rich organ

Pulmonary [Fhrosis M
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Table 1X: continued

Meary

Tomic

lime Lo Nanger Targel meeinh- Lethal Refers
Ma, Chemieal Leihnl symptoms" denih aver OrgRns olites® mechanisms Fhies
% Ar=emic [in=trime it in 1 husur-4 A alay= Ridney F i Keown: )
trismide Circudatory Tailure days ileart Celllular posson. Multisystem
Heart fnilure Liver P failure due in einﬂ_&-l
IMibmuosniry sedesnn V& P sdntive phosphory m and
Intravasciilar _...s.:_-._..u:..- CHE I imhihitson ol anad
HKedmey Failyre GIT P suecimale nuidnlive pathways
Lawer Tndlure
(M4 eacilnlEnidepressisn
7. Copper 111 Liver Faalure 4 howrs-T 4 dnys Liver P ip Hypothetical; 18
sxibphale Kidney failure alays Kidney Capric copper is reduced ia
Indrnvazculior hacnelysiz ¥8 cuprous form by thiol groaps
...-._._u..__..._._-._q__. Toaliare in cell membranss E‘i‘n
MY eaclalnus ..__.—H,._d..:.:__- i nnu.-._._ﬂ.__:u_u...uﬂtEE_i._ ol
Cuprous r. which induces
liptd peroxidaticn .
IR Mercuiry (I (Enatrieml eritiz 3 houra-14 14 dnys Kidney P Ip In_hn_.._;*__n-_ )
chinride Circnlabory Tuilure ihays VE C merhrane potendinla
Kidnex Tailure air e and & gnEyme reactions
in cells by Largeting the
sulphydryl part of active sltes
of some enzymes
9, Thinridazine U"MS deprosaisn 2-10 hours  nr CHA iMesoridazine™) LUnknewn
hrd ress Biliwri die 1Beairt arrvthmaasareesl M Heard
30. Thallium Gastroenteritis 24 heura-3 -5 weeks Heart P ip Hypothetical: 18
milphale Cardisvascular (iflure M weeks V3 Eneyme inhihition by binding
Bespieatory Tuilure Hidney P 1o sulphydryl groups of
Kadmey fnslure Liver P .._._s.x.ﬂi:-. membranes
Lawer Failure CHS P Interference with oxidative
T ME rxeilal iom deprossion PHE

ﬂn—"ﬂ.}._. Intsnn by inhabilion
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3. Warlarin Eeeding M G- 48 burs  nr Liver IMetabnlites™ Hnown:

Ve Inhibition of liver synihesss of
wikamin K- iring nr-._h.ﬁ
faciars, notakly prothrombin.
Mhrect action on capillaries?

2. Limdane NS exeilntionidepression M | hour-8 dags A days CHE tp? Unknown:
Pulmomary dedoma Haart CHE depression throagh
Melabolic ncideais VEP inkibition of TEPS kinding 3

Kidney I* the GABA receptor linked chinride

Muscle P chanmnel, lending to blockade
of ehloride influx inbo neurons™

A3, Uhharnfurm (NS depression M 10 minutes-5 5days TS More laxic Hypethatical:
Hearl arrylimessarresl  days Hearl P intracellular  Liver ardior R_Eﬂhﬂ:...._
Laver failsre Liver P melabolites™  throisgh cowalent binding of
Kidmey Failure HKidney P toxic metabolites, for example,
phosgene, (o cell proteins and lipids
4. Carbon ME depression® 24 heairs-7 7 dwys CHE P More Lok Hypothetical:
tetrnchbonde  Kidney frilure’ days' Heart intracellular  Covalent binding of toxic
Liver Taalare HKidmey P enetoholites?  intracellular melabolites (see ahovel.
IBeart arrythmins/aroest Liver F Free-radicals inducing lipsd
Pancreas peroxidation?
A5, lseniaeid CNS excilaiion M 14 hours-3  nr INE iIntraceltular  Hypothelical )
Metaholic ncidosis days Liver P metabalitest  Interference with metabolism
Cirenlstory Tuilure ol vitamin BE reduce
{'HY depressinn GABA and seizure threshold.
Liwer Enihiire Lomversinm ..__-.ln_ﬂ.nu.v—._._-._"—ui—_!&
{ICM1 Be alkylating ngent
3. Dichlvrome hane CHS depression M 4 huurs A houre  [CNR iCarhum LUimknmen )
Ileart arryihmias et momsnxide ! Carbon monnasde-kaemoglohin omples

Fulmonary eedema
Meiabalic acidnsis

formntian?
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Table 1X: continmed

Mean Toxle

E-48

time to Danger Targei metab: Lethal Refer:
Meo. Chemical - Lethal symplans® denth over orgmns oli mechanisms ences’
37 Barium nitrste  Muscle paralysis/ 2-3 howrs 24 hours Muscle™ i Hypethetleal: 19
respiralory fwilare nr 2-3 days Ienri Meuramuscular Lo,
fleart arrythmins'areest 1Kidmeyh Palasajam ia ik eells
igh hlosd pressire by an action on MaM ATPase?
Lliimvilasn s
8. Hesachlorophens Enrly: 460 houra 3 dayn GIT tp Hiypathetical: 47
lasiroenterilis ¥3 Uncoupling of oxidative
Hyperthermin Fleart tien in cellle.
Circulntory fnilure CHE® rding to proteing in
R2-18 howira: CMNE membrane and EE.HﬁI_E
excibalionidepressson
48-60 howrs: Iear
arrythimiaal el
A8 Pentachloro- Hyperthermia =24 hours 24 houra  Heart P tp Hypolhelical:
phenol CHE excilation/depression V5 Unesapling of oxidative
Cerculatory failare CHE ﬂ'ju._.__iu_ﬂ_..._ﬂn Froteim binding.
Myotonia Liver P ncluding seleclive enzyme
Melnbolic neidoain Kidnay P imhibition (liverkidney P45}
40, Verapamil Cirewlatary Milare 24 hours 36 hours VB iMetaholitesl  Hnewn-
hpdrochleride  Fleart arrythmins'arrest Heari Inhibition of tranamembrans
Metabolic acsdosis Ca Mux in excitalory e
CHE deprestsan Also alphin.sdrensrgic bloching
Hypoglycarmia
41. Chloroquine Cardiovascular filure 1-24 hours 24 bours  Heart ip Hypothitical
phosphate Cardiac arrythmiasiarmest M VA Babilisation of cell membranes
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Table 1X: continuwed

Mean Toxic

time Lo Danger Target melab- Lethal Hefer-
Mo, Chemical Lethal symploms® death over argans olitea® e hamisms ences”
48 CalTeine Initinlly i3 hoursd: 3 huisre-3 nr theart i Hypalhetical
Heart arrylbmias' areest days CHE Inhibition of phosphod|saterme
Pulmsnnary oedems leading to AMP accumualation
Later i3 kours—3 dayal: Tr ion of intracellular
CHE excitalion/depression calelum? Adenosine receptor
anlaganiam?
48, Atropine iP wisthyperthermial 15 howra 448 M5 ip Knewn: 19
sulphnte (NS excilabisnidepression hours Heart Antimuasesrinie, anticholinergic
leart arrylthmiss'arrest M FHB nction. ﬂnﬂ._ﬂ_lhn_.!— sniagonism
of ncetylcholinge st cardise and
CHS receplor siles
50, Polassiim CHMR excitalion/depression 2 hours i Heart tp Hmown:
chlaride Paralysis CHS Eassentinl cellular sbectrodyte
Heari arryihmias/arrest M (Muascle) maknisins normal irans-
membrane polential, necessary
for beart condaclion

*Arranged in order of appearance, when possible. Characteristic but non-lethal symptoms have generally been omifted. CNS excitation
stands for seizures, and CNS depression stands for all phases of coma including final ﬂ.ﬂ:wngﬂ. arrest. For chemicals with mullisystem
failiere or a very rapid sction, it is difficult o indicate the main cause of death. *Melabolites with higher toxicily than the parent compound.
Metabalites with the seme toxicity as the parent compoind are brocketed. TP indicales toxicity from the parent compoind, anly, “Other than
references 10-17. “Puosi-mortem cases. “Including the eye (blindness). {Clinical cases. *POISINDEX®, Information Systemas (ed. B.H. Rumack
& DG, Spoerkel, Micromedex (Denver, OO, n.__n.%i *Targets of @ decreased blood calciwm fevel? 'TOMES® Information Syslems fed. B.H.

Rumock & D.G. Spoerke), Micromedex { Denver, OO, USA). ‘Cerebral bieeding is mosl life-threatening. *Inhalation. 'Ingestion. “Molor end-

plates of museles. "Repeated dermal exposure. “Intravenous administration. *Yasculitis, haemorrhages.

M = main causes of death; P = histopathological organ lesions; CNS = central nervous sysiem (brain J; CVE = cordiceascchor system;
VS = vascular system (hlood vesselsiapillaries); GIT = gasirointestinal tract (gull; PNS = peripheral nervous system; ip = foxicity of
parent componnd only; re = nol reported,
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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

Figure 1; Plos of acubs leahal desage in hemani epainsi valoed culculated by & PLS model based on ral oral LD and

mepuse aral LIFD,

5 -4 -3
Calculated lethal dose

=1

1

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 1C50 Values

Figure 10: Floi of peak bethal blaod cencenlia| s in min s 0C-50 values caloaluted by 8 PLS model baved on peak
lethal blgad conceniratiand in man, all 50 chemirali, and Beod:brain burrier compenssind reculis” from apsays L& % amd
[

Feak
LC

o 5 wif ] -2 -1
Calculaied peak LC

Source: Ekwall et al. 1999. MEIC Evaluation of Acute Systemic Toxicity. Part VIII.

(reprinted with permission from the editor)
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Appendix E: The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC)

Appendix XII: Priority Areas for Development and Evaluation of New In Vitro Tests

Table I: Priority areas for development
and evaluation of new in vitro tests
on systemic toxicity

No. Subproject

1. Repeat dose toxicity

2. Mechanism studies:

a) protein denaturation

b) morphology of injury to cell lines

c) differential cytotoxicity 30 -
minutes/24 hours

d) toxicity to aerobic cells

e} time-frames for cvtotoxic effl ects

Extracellular receptor toxicity

Excitatory toxicity

Reversibility of cytotoxicity

Passage across blood-brain barrier

Absorption in the gut

Blood protein binding

Distribution volumes (Vd)

More-toxic metabolites

el e il e

=¥

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 XI11: Proposed Testing Scheme for the Classification and Labelling of Chemicals

Figure 1: Proposed testing scheme for the classification and labelling of chemicals
according to their potential acute toxicities

Physicochemical
data

'

Stage 1 tests
{basal cytotoxicity!

'

Stage 2 tests
role of
biotransformation}

|_ Stage 3 tests
[selective cytotoxicily:
affects on cell-specific
functions)

Limited in vivo
confirmatory
acute toxicity study

if positive

classification

Y

g biokinatics

if positive

["wery taxic™)

classification

Y

el DiOKINELICS

[“wery toxic”)

- classification

if the results indicate the I:I:IWESE
Y toxicity class (that is, "no label™)

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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