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EXECUTIVE SUMMARY

Introduction: The acute oral toxicity test is a fundamental component in defining the toxicity of a
test material for hazard classification and labeling purposes. There are two types of acute oral
tests: a) those that identify a dose range in which the median lethal dose (LD50) falls, and b)
those that determine a point estimate of the median lethal dose of the material. In tests that
estimate the LD50, if sufficient data are available, an estimate of the slope of the dose-response
curve and confidence interval can also be determined. In 1981, the Organization of Economic
Co-operation and Development (OECD) adopted a test guideline (TG 401) for acute oral toxicity
that estimated the LD50 and in many cases, the slope and confidence interval. TG 401 has
become the traditional acute oral toxicity test. TG 401 was revised in 1987 to utilize three dose
groups of five rats of one sex with confirmation in the other sex using one group of five rats.
This resulted in reduced animal use from 50 or more in the 1981 version to 20 in the 1987

version.

Since 1987, OECD has adopted three additional acute oral toxicity tests, one of which is the up-
and-down procedure (UDP) in 1998. With the new test guidelines adopted, OECD is
considering a proposal to delete TG 401. Of the three alternative tests, the UDP is the only test
that provides a point estimate of the LD50 and does this rather efficiently for many chemicals by
only using six or seven animals. However, the UDP does not provide an estimate of the slope of
the dose-response curve and confidence interval. With TG 401 to be deleted, there would be no
method available to regulatory agencies that provided an estimate of slope and confidence
interval. In addition, the global harmonization of the classification scheme has resulted in the
need to revise the Fixed-Dose Procedure (FDP) and the Acute Toxic Class Method (ATCM). As
a result, OECD agreed to revise all three alternative methods. The U.S. Environmental
Protection Agency (EPA) agreed to revise the UDP to include a procedure that would provide
slope and corresponding confidence interval estimates. The UDP described in this document has
been revised to include: a) a modified up and down procedure that improves performance; b) a
modified Limit Test that utilizes only females and provides a limit dose of 5000 mg/kg for
specific regulatory purposes; and c) an added supplemental test for determining the slope and

confidence interval.

ES-1
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Test Method Protocol: The Revised UDP has three tests: a) the primary test to estimate the

LD50; b) a Limit Test that allows testing at 5000 mg/kg for specific regulatory purposes; and c)
the added supplemental test to estimate the slope and confidence interval. In the primary test,
one animal is dosed at 175 mg/kg and observed for 14 days. If the animal is alive at 48 hours, a
second animal is dosed at a 0.5 log higher dose. If the first animal dies, then the second animal
is dosed at a 0.5 log lower dose. Dosing stops when the stopping criteria are satisfied. In the
Limit Test, one animal is dosed at 2000/5000 mg/kg. If the animal dies, the primary test is
conducted. If the animal lives, two more are dosed at the limit dose. If they both live, the Limit
Test is satisfied because three animals have survived at the limit dose. If one or both of the two
animals die, then two more are tested at the limit dose. If a total of three animals live, the Limit
Test is satisfied. If three animals die, the primary test is conducted. In the supplemental test,
three up and down tests (runs) are started at slightly differing doses below the LD50. Dosing

continues in each run until an animal dies.

Characterization of the Materials Used: There have been three validation studies of the UDP. A

total of 25 chemicals were tested in which data using the UDP were compared to data generated
using TG 401. A wide variety of chemicals from a number of chemical classes were tested,
which affected differing target organs and exhibited a wide range of LD50's (ranging from 48 to
greater than 20,000 mg/kg).

Reference Data: Reference data consisted of acute oral toxicity data generated using TG 401. In

two of the studies, the data for TG 401 and the UDP were generated concurrently in the same
laboratory. In the third study, the chemicals were selected from published data from a validation
study of ATCM. The data were generated in compliance with national or international GLP

guidelines.

In Vivo Test Method Data and Results: Although the UDP was not adopted at the time, the

protocol used a default starting dose of 100 mg/kg, a dose spacing factor of 1.3, and a stopping

rule of testing four animals after the first reversal.

ES-2
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Computer Simulation Validation of Revised UDP: A statistical procedure involving 1000 to

5000 computer simulations examined many permutations of testing conditions and the range of
results provided insight into the factors affecting the slope. These simulations allowed the

determination of the recommended starting dose, the dose spacing factor, and the stopping rules.

In Vivo Test Method Performance Assessment: For the three validation studies, the absolute ratio
of the LD50 from TG 401 studies to the LD50 from UDP studies average 1.76, well within

expected variability. If one apparent outlier is eliminated, the ratio becomes 1.28. The one

exception was for mercuric chloride.

Computer Simulation Performance Assessment: Simulations have resulted in changing the

starting dose, the dose spacing factor, and stopping rules. The default starting dose was
increased from 100 mg/kg to 175 mg/kg as a compromise between the possibility of severe
toxicity and starting too far from the LD50. The dose spacing factor was changed to 3.2 to allow
the investigator to move more quickly toward the LD50 if the starting dose was far from the
LD50 and to better estimate the LD50 for chemicals with a shallow slope. The stopping criteria
include maximum likelihood ratios and allow a more accurate estimate of the LD50 without

utilizing too many animals.

Test Method Reliability: There are no known in vivo data on the reliability of the Revised UDP.

A number of inter- and intra-laboratory validation studies were conducted prior to 1981.
Considering the extremes in testing conditions, it is remarkable that the LD50 varied by no more
than a factor of 2 to 3. These studies showed the need to standardize the protocol for toxicity
methods. Under standardized protocols, the variability was greatly reduced. In the three
validation studies, the absolute ratio of the LD50 for the UDP data and TG 401 data was 1.76.
When mercuric chloride was not considered, the ratio was 1.28. These ratios are well within the

expected reliability factor of three.

Test Method Data Quality: The data for the three validation studies were generated under

applicable GLP's and no discrepancies were noted that altered the general conclusions of the

study reports.
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Other Scientific Reports and Reviews: No other published UDP data in mammals are available.

Unpublished data in birds dosed two at a time results in using large numbers of animals.
Consideration was given to the moving-average method for estimating the slope and confidence

interval.

Animal Welfare Considerations: There was a clear reduction in incidence of pain and suffering

in animals in the UDP study compared to TG 401 animals. The UDP reduced animal usage by
77% compared to animal usage in TG 401 studies. The Revised UDP emphasizes the utilization
of humane endpoints and the handling of moribund animals. Although it has been suggested that
cytotoxicity tests replace acute oral testing in animals, in vitro cytotoxicity tests have not been

validated as replacement tests.

Other Practical Considerations: Gender differential sensitivity, equipment, and training were

addressed. Based on studies that display sex differences in sensitivity, the female is considered
more sensitivity and will be used except when known male sensitivity dictates otherwise. To
conduct Revised UDP studies, laboratories will need a computer and access to readily available
commercial software. Software may be made available on the OECD and EPA websites. The
technical staff will need to be familiar with humane endpoints and the handling of moribund
animals. In addition, they will need to be able to use the computer to conduct the studies
properly to evaluate stopping rule criteria as well as the LD50 and slope estimates. The Revised
UDP will take at least two weeks to complete dosing and therefore at least four weeks to
complete the study. Although there will be fewer animals to observe at any given time, the cost

of the study may increase because of the extended time to conduct the study.
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1.0 Introduction and Rationale of the Revised Up-and-Down Procedure

Background: The purpose of the LD50 test is to estimate the dose at which 50% of the
individuals in a defined population will die after a single exposure to a test material. The
statistical basis for the LD50 test, based on the simultaneous dosing of multiple groups of
animals, was first described in 1927 (Trevan, 1927). Several other test designs, including the
moving average (Weil, 1983), acute toxic class method (Schlede et al., 1994), and UDP (Bruce,
1985), have been proposed. The classical experimental method for estimating the LD50 was to
orally dose individual animals, in groups of five or ten per sex, with varying concentrations of
the test material and to observe whether they lived or died over a defined period of time
(generally 14 days). The method was standardized in 1981 by the international acceptance of
Test Guideline (TG) 401 (OECD, 1981, Appendix A). The test material is usually administered
by oral gavage to fasted young adult animals. The animals are observed periodically during the
first 24 hours with special attention given to the first four hours, then at least once a day for 14
days or until they recover. Clinical signs, including time of onset, duration, severity, and
reversibility of toxic manifestations, are recorded at each observation period. Body weights are
determined pre-treatment, weekly thereafter, and at the death of the animals or termination of the
study. All animals that survive are humanely killed at 14 days or after recovery. Gross
necropsies are conducted on all animals in the study. Variation in the results due to inter-animal
variability; intra- and inter-laboratory variability; and to differences in strain, sex, estrus cycle,
and species have been characterized. Based on intra- and inter-laboratory testing, the point
estimate of the LD50 appears to be is reliable within a factor of two or three (Griffith, 1964;
Weil et al., 1966; 1967).

Although the experimental method as to dosing, handling, and observing the animals has not
varied, many attempts have been made to reduce the number of animals used while maintaining
the accuracy of the method for estimating the LD50. These changes in sampling technique do

not involve a change in the actual treatment of the animals or in the endpoints examined.
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History of the UDP (TG 425): The UDP is a method used in acute oral toxicity testing to
estimate the LD50 for chemicals and agents given as a single oral dose (see Appendix A). The
procedure was first described by Bruce (1985). Three validation studies have been conducted to
evaluate the ability of the UDP to estimate the LD50 compared to that obtained using the
traditional method described in TG 401 (Bruce, 1987; et al., 1988; Yam et al., 1991). Based on
these studies and other considerations, the OECD adopted the UDP (TG 425) as an acute oral
toxicity test in 1998. The UDP is being revised to include the estimation of the slope of the
dose-response curve and the corresponding confidence interval for the LD50. The revision is
entitled "Acute Oral Toxicity: Modified Up-And-Down Procedure™ (Revised UDP) (see U.S.
Environmental Protection Agency (EPA) Document 1B - Appendix C). As with other acute oral
toxicity tests, the Revised UDP can be viewed as a statistical sampling technique designed to
provide an estimate of the LD50 for the total population. The test is usually conducted in the

female rat although males or other rodent species may be used when justified.

1.1 Introduction

In determining the toxicity of a chemical, one of the first tests to be conducted is an acute oral
toxicity test, usually in a rodent species. The acute oral test is designed to estimate an acute oral
LD50. The LD50, or median lethal dose, is the dose that is expected to Kill 50% of the test
population. The calculation of the LD50 is derived from the dose-response curve for lethality.
When there are at least two doses in which at least one but not all of the animals are killed or if
the dose range for animals that live overlaps sufficiently the dose range for animals that die, the
confidence limits of the LD50 and an estimate of the slope of the dose-response curve can be
calculated. In recent years, variations of the acute oral toxicity test have been developed that do
not provide a point estimate of the LD50, but do identify the dose range in which the LD50 falls
for hazard classification and labeling purposes. The rat has been the test animal of choice for
acute lethality testing, although acute oral LD50's have been calculated for mice and other

mammalian species. Birds, fish, and other species have been used for ecological considerations.
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A procedure for calculating the oral LD50 was first described by Trevan (1927). This approach
has been used as a benchmark for comparing the toxicity of chemicals and relating that toxicity
to human health. Inspection of oral LD50 data in large databases (e.g., the Registry of Toxic
Effects of Chemical Substances [RTECS] or the International Uniform ChemicalL Information
Database [ITUCLID]) suggests that multiple values obtained for the same test material in the same
species are so variable that the data are not useful. However, these data have been generated
over many years using widely varying experimental conditions in respect to strain, sex, age,
husbandry, and health status of the animals. As regulatory agencies began to require acute oral
toxicity data, it became clear that the protocol(s) must be standardized if data for various

chemicals are to be compared.

The U.S. EPA published test guidelines for acute toxicity in October 1982 as part of Subdivision
F of the Pesticide Assessment Guidelines for the Office of Pesticides and in September 1985 as
part of 40 CFR part 797 for the Office of Toxic Substances. Subsequently, the U.S. EPA's
Office of Pesticides has been provided with the results of more than 15,000 acute oral toxicity
tests. Similarly, the Consumer Product Safety Commission (CPSC) utilizes acute oral toxicity in
regulating products in commerce in the United States (16 CFR Part 1500) in Appendix E.
However, the Food and Drug Administration (FDA) does not require this type of acute toxicity

testing for drugs.

The U.S. EPA guidelines have been harmonized with other test guidelines for acute toxicity. In
1981, the OECD published TG 401 for acute oral toxicity testing. However, OECD immediately
was criticized for the number of animals required (generally 50 to 100 or more) to determine an
LD50. TG 401 was revised in 1987 to require only one sex with confirmation in the other sex,
thus reducing the minimum number of animals required to 20 to 30. Since 1987, OECD has
approved three additional acute oral toxicity test guidelines: TG 420 - The FDP in July 1992; TG
423 - ATCM in March 1996; and TG 425 - The Up-and-Down Procedure (UDP) in October
1998. The globally harmonized doses for FDP and ATCM are 5, 50, 300, and 2000 mg/kg, and
upon occasion 5000 mg/kg (OECD, 1999, Appendix A). These tests do not provide a point
estimate of the LD50, but provide a dose range in which the LD50 is expected to fall.
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The purpose of this document is to provide data and information to support the validity of the
Revised UDP. Before presenting the data, it is necessary to clearly describe each of these test
guidelines and their specific uses. The test guidelines for TG 401, FDP, ATCM, and UDP are
provided in Appendix A. The Revised UDP is provided in U.S. EPA Document 1B in
Appendix C. The standards of care, handling, dosing, and observing of animals are the same for
all five-test guidelines. The FDP (TG 420) differs from the other tests in that it uses "evident

toxicity" instead of lethality as the endpoint.

1.1.1 The Traditional Acute Oral Toxicity Test

In 1981, the traditional oral lethality test (TG 401) utilized five animals per sex in at least three
doses in the toxic/lethal range but, in practice, it more typically included at least five dose levels.
For test agents for which there is no information regarding its potential for acute oral toxicity, a
range-finding or sighting study (up to five animals) may be conducted to identify the range of
doses that are lethal. Thus, at least 30 to 35 animals per sex are utilized in each study.
Generally, all dose groups are treated at the same time to eliminate any differences in preparing
the test material solutions on different days. The goal of the test is to have at least two groups
for each sex in which at least one but not all animals are killed by the test agent. If this occurs,
the slope of the dose-response curve and confidence interval could be calculated using probit
analysis. A Limit Test consisting of dosing five animals of each sex at 5000 mg/kg is allowed
for chemicals of low toxicity. If two or fewer animals die of either sex, then the LD50 for that
sex is considered to be greater than 5000 mg/kg. In the 1987 version of TG 401, the number of
animals for the Limit Test was reduced to five animals of a single sex, which are dosed at 2000
mg/kg. If appropriate data are obtained, TG 401 can provide the LD50, the slope, the confidence

interval, and hazard classification.

1.1.2 The Up-And-Down Procedure

The UDP was adopted in October 1998. In the test, one animal (usually a female) is dosed at the

best estimate of the LD50 (100 mg/kg is suggested as a default-starting dose if no toxicity

information is available). If the animal dies or is moribund within 24 hours of dosing, a second
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animal is dosed at lower dose (a dose spacing factor is 1.3 is suggested but other factors may be
used). If the first animal lives, a second animal is dosed at a higher dose. Dosing continues until
four animals are dosed after the first reversal (minimum of 6 animals). In the Limit Test, if the
first animal dosed at 2000 mg/kg lives, the second animal is treated with the same dose. When
three animals have survived at the limit dose, three animals of the opposite sex are dosed at the
same dose level. If all animals survive, then the LD50 is considered to be greater than 2000
mg/kg. If required for regulatory purposes, animals can be dosed at 5000 mg/kg. The UDP
determines the LD50 and the toxic class of the chemical for labeling purposes (see U.S. EPA

Document 4, Appendix C).

1.1.3 OECD Decision to Eliminate TG 401

The major motivation for revising the UDP came at the March 1999 meeting in Washington, DC,

U.S., when the following three major problems with the UDP were presented and discussed:

1) computer simulations revealed that for test substances with a shallow slope, the UDP is
biased toward the starting dose;

2) the UDP still utilized males in the limit test; and

3) the UDP could require a significant number of animals if the starting dose is far from the
LD50.

Further motivation for revising the UDP followed the announcement that OECD was planning to
delete TG 401 (see U.S. EPA Document 2 - Appendix C). In the meantime, OECD asked the
U.S. EPA to explore the possibility of adding a procedure to estimate the slope of the dose
response curve to the UDP (see U.S. EPA Document 12, Appendix C).

1.1.4 The Need for the Slope and Confidence Limits
At the OECD Expert Meeting in March 1999, it was decided that the FDP, the ATCM, and the

UDP should all be revised:

1) to reflect the new globally harmonized classification scheme;
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2) to utilize female animals only;
3) to add a range finding study; and
4) in the case of the UDP, to add a procedure to estimate the slope of the dose-response

curve.

The slope of the dose response curve defines the confidence interval for the LD50. The U.S.
EPA was given the opportunity to revise the UDP to include the estimation of the slope and the
confidence limits. A draft of the Revised UDP was available for distribution in late December
1999. In a communication dated January 5, 2000, Dr. Herman Koeter, Principal Administrator
of the Environmental Health and Safety Division of OECD, distributed a copy of the provisional
revision of the UDP and requested comments by January 28, 2000. The final proposed version
of the Revised UDP was completed on April 11, 2000. The Interagency Coordinating
Committee on the Validation of Alternative Methods (ICCVAM) will convene an Expert Panel
meeting to evaluate the validation status of the Revised UDP. The Expert Panel is to provide a
draft of their report on the Revised UDP by mid-to-late August 2000 and the final report by
September 30, 2000.

1.1.5 Proposed Revised Up-And-Down Procedure (Revised UDP)

The proposed revisions to the UDP are: 1) changes in the starting dose; the dose spacing factor;
the time between the dosing of animals, and the stopping rules for the LD50 determination (the
primary test); 2) changes to the Limit Test; and 3) the addition of the supplemental test to

determine the slope and corresponding confidence interval of the LD50.

1) The Primary Test

The recommended starting dose in the absence of available toxicity data has been changed from
100 mg/kg to 175 mg/kg, based on results from computer simulations. Similarly, the dose
spacing factor has been changed from 1.3 to 3.2 (half log units). The 1.3 works well for steep
slopes when starting close to the LD50, but inefficient animal use occurs with shallow slopes or

when the starting dose is far from the LD50. The factor of 3.2 works well for any combination

1-6



NICEATM Up-and-Down Procedure Background Review Document: Section 1.0 April 14, 2000

of starting doses and slopes. The half-log spacing balances a more efficient use of animals,
while reducing bias in the estimation of the LD50. In the UDP, the stopping rule was to test four
animals after the first reversal. This results in low accuracy of the LD50 estimate if the starting
dose is far from the LD50 and the slope is shallow. Since many animals die between 24 and 48
hours after dosing, the time between dosing was increased from 24 to 48 hours. In the Revised
UDP, a combination of stopping criteria are used to keep the number of animals low and to

overcome a starting dose that is far from the LD50.

2) The Limit Test

The Limit Test has been altered to utilize females only and to allow, for specific regulatory

purposes, a limit dose of 5000 mg/kg.

3) The Supplemental Test

The supplemental test has been added in order to calculate the slope of the dose-response curve

and the corresponding confidence interval of the LD50.

1.2 The Scientific Basis of the Revised UDP

It is generally accepted that the acute oral toxicity in rats and other laboratory species can serve
as an indicator of the potential acute oral toxicity in humans. Animal studies are never perfect in
their prediction of human effects; the best data for effects in humans are human data. An
analysis of the historical database has demonstrated that the ranking of the LD50's is similar for
the two species. Materials that are not toxic in the rat are most often not toxic in humans and
materials that are highly toxic in the rat are most often highly toxic in humans. Since human
testing for acute lethality is not allowed, animal bioassays have provided data that are reasonable
approximations of the effects in humans. In addition, the Revised UDP will provide insight into
the mechanism of action of the chemicals tested as the toxic mechanism in rodents is predictive

of the toxic mechanism in humans.
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1.3 Intended Regulatory Uses of the Revised UDP

The regulatory basis for the Revised UDP is the need to identify the toxic effects of a given
chemical as part of a safety evaluation of the chemical for workers and other human exposures.
The Revised UDP will replace the current regulations on acute oral toxicity testing for the CPSC,
the U.S. EPA, and the U.S. Department of Transportation (DOT)(see Appendix E). Because the
Revised UDP provides an estimate of the slope of the dose response curve and the confidence
interval for the LD50, the data can also be used for risk assessment purposes and probablistic
modeling (see U.S. EPA Document 3, Appendix C).

1.4 Currently Accepted Acute Oral Toxicity Test Methods

Should the Revised UDP be adopted by the OECD, it is expected that U.S. Federal agencies that
require acute toxicity data as generated by TG 401 will accept the UDP as a test for acute oral

toxicity. The current guidelines of U.S. Federal agencies for acute oral testing are as follows:

1) Under the Federal Hazardous Substances Act, the CPSC requires the testing of groups of 10
rats weighing between 200 and 300 g at doses between 50 and 5000 mg/kg followed by a 14-
day observation period (16 CFR 1500, Appendix E). TG 401 is an accepted test method.

2) Under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), the U.S. EPA
requires the testing of rats weighing between 200 and 300 g at doses between 5 and 5000
mg/kg followed by a 14-day observation period (40 CFR 152, Appendix E). TG 401 and the

UDP are accepted test methods.
3) Under FIFRA, the U.S. EPA requires the identification of the range of the acute oral LD50

by testing rats weighing between 200 and 300 g followed by a 14-day observation period (40
CFR 156, Appendix E). TG 401, FDP, ATCM, and UDP are accepted test methods.
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4) Under FIFRA, the U.S. EPA requires acute oral testing of chemicals and products that may
become a residue in food and nonfood crops (40 CFR 158, Appendix E). TG 401 and the

UDP are accepted test methods.

5) Under the Toxic Substances Control Act (TSCA), the U.S. EPA requires acute oral toxicity
data for chemicals proposed for a significant new use (40 CFR 721, Appendix E). TG 401
and the UDP are accepted test methods.

6) The U.S. DOT and its 11 administrations require the identification of the range of the acute
oral LD50 by testing young adult rats (49 CFR 173, Appendix E). TG 401, FDP, ATCM,

and UDP are accepted test methods.

1.5 Intended Range of Chemicals Amenable to the Revised UDP

Because the method of dosing (i.e., oral gavage) is the same for TG 401 and the Revised UDP,
any class of chemicals and products that can or have been tested using TG 401 can be tested
using the Revised UDP. The test is designed for materials that can be administered neat (i.e.,
without dilution) or in a solvent. The test is not restricted to materials that are water-soluble.
Any solvent or vehicle can be used as long as the solvent or vehicle does not add to or mask the

toxicity of the test material.
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2.0 Proposed Protocol for the Revised Up-And-Down Procedure

2.1 Detailed Protocol and Rationale for the Revised UDP

OECD adopted the up-and-down procedure (TG 425) in October 1998 (Appendix A). The UDP
has now been revised in the LD50 determination by changing the default starting dose, the dose
spacing factor, the time between the dosing the next animal, and the stopping criteria. The Limit
Test was changed to utilize females only and to allow, for specific regulatory purposes, a limit
dose of 5000 mg/kg. In addition, a supplemental test has been added to allow the estimation of
the slope of the dose-response curve and the 95% confidence interval of the LD50. The Revised
UDP has been prepared using OECD test guideline format and is entitled, “Acute Oral Toxicity:
Modified Up-and-Down Procedure (Revised UDP)” (see U.S. EPA Document 1B - Appendix
C)." A description of the Revised UDP follows. Wording from the guideline is in bold type set

in quotation marks.

2.1.1 Materials, Equipment, and Supplies

2.1.1.1 Selection of animal species

""The preferred rodent species is the rat although other rodent species may be used. In the
normal procedure, female rats are used because literature surveys of conventional LD50
tests show that, although there is little difference of sensitivity between sexes, in those cases
where differences were observed, females were in general more sensitive. When there is
adequate information to infer that males are more sensitive, they should replace females in
the test (see paragraph 12, Revised UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.
""Healthy young adult animals should be employed. Littermates should be randomly

assigned to treatment levels. The females should be nulliparous and non-pregnant. At the

commencement of the study, the weight variation of the animals should be minimal and not
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exceed + 20% of the mean weight for each sex. The test animals should be characterized as
to species, strain, source, sex, weight and/or age (see paragraph 13, Revised UDP, U.S. EPA

Document 1B - Appendix C)."

Because the UDP requires at least 48 hours between the sequential dosing of animals, the +20%
variation rule for body weight may too restrictive. Utilizing animals from the same shipment in
a randomized manner in which dosing make take place over two to three weeks may result in a

number of animals exceeding this weight range, leading to increase costs and animal use.

2.1.1.2 Housing and feeding conditions

"The temperature in the experimental animal room should be 22%C (+ 3%C). Although
the relative humidity should be at least 30% and preferably not exceed 60% other than
during room cleaning, the aim should be 50-60%. Lighting should be artificial, the
sequence being 12 hours light and 12 hours dark. The animals are housed individually.
Unlimited supply of conventional rodent laboratory diets and drinking water should be
provided (see paragraph 14, Revised UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.

2.1.1.3 Preparation of animals

"The animals are uniquely identified and kept in their cages for at least five days prior to
dosing for acclimatization to the laboratory conditions. During acclimatization the animals
should be observed for ill health. Animals demonstrating signs of spontaneous disease or
abnormality prior to the start of the study are eliminated from the study (see paragraph 15,
Revised UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.
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2.1.1.4 Preparation of doses

"When necessary, the test substance is dissolved or suspended in a suitable vehicle. It is
recommended that, whenever possible, the use of an aqueous solution or suspension be
considered first, followed by consideration of a solution or emulsion in oil (e.g., corn oil)
and then by possible solution in other vehicles. For vehicles other than water, the toxicity
of the vehicle must be known. In rodents, the volume should not normally exceed 1 mL/100
g body weight; however, in the case of aqueous solutions 2 mL/100 g body weight can be
considered. If necessary, larger volumes of test material should be subdivided (see
paragraph 16, Revised UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.

2.1.2 Procedure

2.1.2.1 Primary testing using a single-sequence of dosing.

"For selecting the starting dose, all available information should be used, including
information on structure-activity relationships. When the information suggests that
mortality is unlikely, a limit test should be conducted. When there is no information on the
substance to be tested, it is recommended that the starting dose of 175 mg/kg body weight
be used. This dose serves to reduce the level of pain and suffering by starting at a dose
which in most cases will be sublethal. In addition, this dose reduces the chance that hazard
of the chemical will be underestimated (see paragraph 17, Revised UDP, U.S. EPA Document
1B - Appendix C)."

Based on computer simulations, the starting dose was changed from 100 mg/kg to 175 mg/kg.
"For each run, single animals are dosed in sequence usually at 48 hour intervals. However,

the time intervals between dosing should not be fixed rigidly and may be adjusted as

appropriate (e.g., in case of delayed mortality). The first animal is dosed a step below the
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toxicologist’s best estimate of the LD50. If no estimate of the chemical’s lethality is
available, dosing should be initiated at 175 mg/kg. If the animal survives, the second
animal receives a higher dose. If the first animal dies or appears moribund, the second
animal receives a lower dose. Animals killed for humane reasons are considered in the
same way as animals that died on test. Dosing should not normally exceed 2000 mg/kg
body weight, or 5000 mg/kg body weight as justified by specific regulatory needs (see
paragraph 18, Revised UDP, U.S. EPA Document 1B - Appendix C)."

The UDP suggested a dosing sequence of 24 hours. Since some animals die between 24 and 48
hours after dosing and because fasting of the next animal to be dosed usually does not start until
at least 24 hours after the treatment of the preceding animal, the dosing sequence in the revised
UDRP is at least 48 hours.

"Moribund state is characterized by symptoms such as shallow, labored or irregular
respiration, muscular weakness or tremors, absence of voluntary response to external
stimuli, cyanosis and coma. Criteria for making the decision to humanely kill moribund
and severely suffering animals are the subject of the separate OECD Guidance Document
on the Recognition, Assessment and Use of Clinical Signs as Humane Endpoints for
Experimental Animals used in Safety Evaluation (see paragraph 19, Revised UDP, U.S. EPA
Document 1B - Appendix C)." The Guidance Document is provided as Appendix B.

The Revised UDP emphasizes careful cageside and in-hand observations as described in the

Guidance Document.

2.1.2.2 Dose-Spacing Factor and Stopping Rules

"The dose for each successive animal is adjusted up or down, depending on the outcome of
the previous animal. At the outset, if feasible, a slope of the dose response should also be
estimated based on all information available to the toxicologist including structure activity
relationships. The dose progression factor should be chosen to be the antilog of 1/(the

estimated slope of the dose response curve). When there is no information on the substance
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to be tested, a dose progression factor of 3.2 is used. Dosing continues depending on the

outcomes of all the animals up to that time. In any event, if 15 animals have been tested,

testing stops. Prior to that, the test is stopped based on the outcome pattern if:

1)

2)

3)

the upper testing bound is reached and 3 consecutive animals survive at that bound

or if the lower bound is reached and 3 consecutive animals die at that bound, or

the next animal to be tested would be the 7th and each surviving animal to this point
has been followed by a death and vice versa (i.e., 5 reversals occur in 6 animals

started), otherwise;

evaluation whether testing stops or continues is based on whether a certain stopping
criterion is met: Starting following the fourth animal after the first reversal (which
may be as early as the decision about the seventh animal), three measures of test
progress are compared via two ratios. If the first measure is at least two-and-one-

half times both of the other measures (i.e., both ratios are 2.5), testing is stopped.

For a wide variety of combinations of LD50 and slopes as low as 2.5, the stopping
rule will be satisfied with four to six additional animals, with fortuitously well-
placed tests using even fewer. However, for chemicals with shallow dose-response
slope (large variance), more animals may be needed. If animal tolerances to the
chemical are expected to be highly variable (i.e., slopes are expected to be less than
3), consideration should be given to increasing the dose progression factor beyond

the default 0.5 log dose (i.e., 3.2 progression factor) prior to starting the test.

When the stopping criteria have been attained after the initial reversal, the LD50
should be calculated using the method described [above] (see paragraph 20 and 21,
Revised UDP, U.S. EPA Document 1B - Appendix C)."

In the UDP, the dose spacing factor was 1.3. This has been changed to 3.2 in the Revised UDP

because:
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1) if the starting dose is far from the LD50, a dose spacing factor of 1.3 may use excessive
animals; and
2) if the dose response curve is very shallow (2.5 or less), a factor of 1.3 leads to a

significant possibility of serious bias toward the starting dose.

If the starting dose is far from the LD50, the small spacing factor can use many animals to reach
the LD50. For example, if the LD50 is 1878 mg/kg and the starting dose is 100 mg/kg, it would
require 12 animals to get close to the LD50. A spacing factor of 3.2 requires the use of only
three animals. If the slope is shallow and the starting dose is far from the LD50, it is likely that
there will be a reversal a long way from the LD50. Since the current UDP stops with four
animals after the first reversal, the test often does not reach the LD50 before it is stopped. A
complete description of the development of the stopping criteria is given in U.S. EPA Document
5 (Appendix C).

2.1.3 The Supplemental Test: Estimate of an LD50 and Slope of the Dose-Response Curve

"Following the primary test, a supplemental test to estimate the slope of the dose-response
curve can be implemented when necessary. This procedure uses multiple testing sequences
similar to the primary test, with the exception that the sequences are intentionally begun
well below the LD50 estimate from the primary test. These test sequences should be
started at doses at least 10 times less than the LD50 estimate from the primary test, and not
more than 32 times less. Testing continues in each sequence until the first animal dies.
Doses within each sequence are increased by the standard 3.2 factor. The starting doses for
each test sequence should be staggered, as described in Appendix Il, paragraph 6. Upon
completion of up to six of these supplemental test sequences, a standard probit analysis
should be run on the entire collection of data, including the outcomes of the primary test.
Good judgment will be required in cases where the primary test yields estimates of LD50
that are too close to the lower limit of doses tested. When this occurs, testing may be
required to begin well above the LD50, where deaths are likely, and each sequence will

terminate with the first survivor. If slope may be highly variable, an alternate procedure,
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using varying dose progression sizes, may be appropriate (see paragraph 22, Revised UDP,
U.S. EPA Document 1B - Appendix C)."

A complete description of the development of the supplemental test is given in U.S. EPA

Document 8 (Appendix C).

2.1.4 The Limit Test

"Dosing should not normally exceed 2000 mg/kg body weight. However, when justified by
specific regulatory needs, testing up to 5000 mg/kg body weight may be considered. One
animal is dosed at the upper limit dose; if it survives, two more animals are dosed
sequentially at the limit dose; if both animals survive, the test is stopped. If one or both of
these two animals die, two animals are dosed sequentially at the limit dose until a total of
three survivals or three deaths occurs. If three animals survive, the LD50 is estimated to be
above the limit dose. If three animals die, the LD50 is estimated to be at or below the limit

dose. If the first animal dies, a primary test should be run to determine the LD50.

As with any limit test protocol, the probability of correctly classifying a compound will
decrease as the actual LD50 approaches the limit dose. The selection of a sequential test
plan increases the statistical power and also has been made to intentionally bias the
procedure towards rejection of the limit test for compounds with LD50s near the limit dose
(i.e., to err on the side of safety) (see paragraph 23, Revised UDP, U.S. EPA Document 1B,
Appendix C)."

In the Revised UDP, the test stops when testing is complete in females, whereas three males
were tested in the UDP following testing in females. A complete description of the rationale for
the Limit Test is given in U.S. EPA Document 7 (Appendix C).
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2.1.5 Dosing Procedures

2.1.5.1 Administration of doses

"The test substance is administered in a single dose to the animals by gavage using a
stomach tube or a suitable intubation cannula. The maximum volume of liquid that can be
administered at one time depends on the size of the test animal. In rodents, the volume
should not normally exceed 1 ml/100 g body weight; however, in the case of aqueous
solutions 2 ml/100 g body weight can be considered. When a vehicle other than water is
used, variability in test volume should be minimized by adjusting the concentration to
ensure a constant volume at all dose levels. If administration in a single dose is not

possible, the dose may be given in smaller fractions over a period not exceeding 24 hours.

Animals should be fasted prior to dosing (e.g., with the rat, food but not water should be
withheld overnight; with the mouse, food but not water should be withheld for 3-4 hours).
Following the period of fasting, the animals should be weighed and the test substance
administered. The fasted body weight of each animal is determined and the dose is
calculated according to the body weight. After the substance has been administered, food
may be withheld for a further 3-4 hours in rats or 1-2 hours in mice. Where a dose is
administered in fractions over a period of time, it may be necessary to provide the animals
with food and water depending on the length of the period (see paragraphs 24 and 25,
Revised UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.

2.1.6 Endpoints Recorded

2.1.6.1 Observations

"After dosing, animals are observed individually at least once during the first 30 minutes,

periodically during the first 24 hours, with special attention given during the first 4 hours,
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and at least once daily thereafter. The animals should normally be observed for 14 days,
except where animals need to be removed from the study and humanely killed for animal
welfare reasons or are found dead. However, the duration of observation should not be
fixed rigidly. It should be determined by the toxic reactions, time of onset and length of
recovery period, and may thus be extended when considered necessary. The times at which
signs of toxicity appear and disappear are important, especially if there is a tendency for
toxic signs to be delayed. All observations are systematically recorded with individual
records being maintained for each animal. Toxicology texts should be consulted for
information on the types of clinical signs that might be observed (see paragraph 26, Revised
UDP, U.S. EPA Document 1B - Appendix C)."

More emphasis is placed on humane endpoints and clinical signs in the Revised UDP. Examples

of clinical signs are provided in Appendix B.

"Careful clinical observations should be made at least twice on the day of dosing, or more
frequently when indicated by the response of the animals to the treatment, and at least once
daily thereafter. Animals found in a moribund condition and animals showing severe pain
and enduring signs of severe distress should be humanely killed. When animals are killed
for humane reasons or found dead, the time of death should be recorded as precisely as
possible. Additional observations will be necessary if the animals continue to display signs
of toxicity. Observations should include changes in skin and fur, eyes and mucous
membranes, and also respiratory, circulatory, autonomic and central nervous systems, and
somatomotor activity and behavior pattern. Attention should be directed to observations
of tremors, convulsions, salivation, diarrhea, lethargy, sleep and coma (see paragraph 27,
Revised UDP, U.S. EPA Document 1B - Appendix C)."

More emphasis is placed on humane endpoints and clinical signs in the Revised UDP. Humane

treatment of animals is described in Appendix B.
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2.1.6.2 Body weight

"Individual weights of animals should be determined shortly before the test substance is
administered, at least weekly thereafter, at the time of death or at day 14 in the case of
survival. Weight changes should be calculated and recorded (see paragraph 28, Revised
UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.

2.1.6.3 Pathology

"All animals, including those which die during the test or are killed for animal welfare
reasons during the test and those that survive at day 14, are subjected to gross necropsy.
The necropsy should entail a macroscopic inspection of the visceral organs. As deemed
appropriate, microscopic analysis of target organs and clinical chemistry may be included
to gain further information on the nature of the toxicity of the test material (see paragraph
29, Revised UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.

2.1.7 Data And Reporting

2.1.7.1 Data

"Individual animal data should be provided. Additionally, all data should be summarized
in tabular form, showing for each test concentration the number of animals used, the
number of animals displaying signs of toxicity, the number of animals found dead during
the test or killed for humane reasons, time of death of individual animals, a description and
the time course of toxic effects and reversibility, and necropsy findings. A rationale for the
starting dose and the dose progression and any data used to support this choice should be
provided (see paragraph 30, Revised UDP, U.S. EPA Document 1B - Appendix C)."

2-10
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This section has not been altered from that provided in the original UDP.

2.1.7.2 Data Storage

Original data are collected and maintained in study books according to agency-accepted Good
Laboratory Practice's (GLP's). Data are then entered into computerized spreadsheets for

manipulation and analysis.

2.1.7.3 Calculation of LD50 for the Primary Test

"The LD50 is calculated using the maximum likelihood method, other than in exceptional
cases given below. The following statistical details may be helpful in implementing the
maximum likelihood calculations suggested (with an assumed sigma). All deaths, whether
immediate or delayed or humane Kills, are incorporated for the purpose of the maximum

likelihood analysis. Following Dixon, the likelihood function is written as follows:

L= L1 L2 Ln s

where

L is the likelihood of the experimental outcome, given mu and sigma, and n the total

number of animals tested.

Li = 1 - F(Z) if the i" animal survived, or
Li= F(Z) if the i" animal died,

where
F = cumulative standard normal distribution,

Z; = [log(d;) - mu ]/ sigma

d; = dose given to the i animal, and
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sigma = standard deviation in log units of dose (which is not the log standard deviation).

When identifying the maximum of the likelihood L to get an estimate of the true LD50, mu

is set = log LD50, and automated calculations solve for it.

An estimate of sigma of 0.5 is used unless a better generic or case-specific value is available.

(a) If testing stopped based on criterion (1) [above] (i.e., a boundary dose was tested
repeatedly), or if the upper bound dose ended testing, then the LD50 is reported to be
above the upper bound; if the lower bound dose ended testing then the LD50 is reported to

be below the lower bound dose. Classification is completed on this basis.

(b) If all the dead animals have higher doses than all the live animals or, vice versa, the
LD50 is between the doses for the live and the dead animals, these observations give no
further information on the exact value of the LD50. Still, a maximum likelihood LD50
estimate can be made provided there is a value for sigma. Stopping criterion (2) [above]

describes one such circumstance.

(c) If the live and dead animals have only one dose in common and all the other dead
animals have higher doses and all the other live animals lower doses, or vice versa, then the
LD50 equals their common dose. If there is ever cause to repeat the test, testing should

proceed with a smaller dose progression.

If none of the above situations occurs, then the LD50 is calculated using the maximum
likelihood method.

Maximum likelihood calculation can be performed using either SAS (e.g., PROC NLIN) or
BMDP (e.g., program AR) computer program packages as described. Other computer
programs may also be used. Typical instructions for these packages are given in
appendices to the American Society for Testing and Materials (ASTM) Standard E 1163-
87. The sigma used in the BASIC program will need to be edited to reflect the changes in
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this version of the OECD 425 Guideline. The program’s output is an estimate of log(LD50)

and its standard error.

The stopping criterion (3) [above] is based on three measures of test progress, that are of
the form of the likelihood [above], with different values for mu, and comparisons are made
after each animal tested after the sixth that does not already satisfy criterion (1) or (2). The
equations for criterion (3) are provided in [Revised UDP]. These comparisons are most
readily performed in an automated manner and can be executed repeatedly, for instance,
by a spreadsheet routine such as that also provided in [Revised UDP]. If the criterion is
met, testing stops and the LD50 can be calculated by the maximum likelihood method (see
paragraph 31 to 33, Revised UDP, U.S. EPA Document 1B - Appendix C)."

After the sixth animal is dosed, the stopping rule is checked after each additional animal is

tested. When the stopping rule is satisfied, the LD50 is calculated.

2.1.7.4 Calculation of LD50 and Slope Using Supplemental Procedure

"' Calculation of L D50 and Slope Using Supplemental Procedure

A Supplemental Procedureisbased on running three independent replicates of the
Up-and-Down Procedure. Each replicate starts at least one log, but not morethan 1.5 10g,
below the estimated LD50. Each run stopswhen thefirst animal dies. All data from these
runsand the original Up-an-Down run are combined and an L D50 and slope are calculated
using a standard probit method."

(see paragraph 34, Revised UDP, U.S. EPA Document 1B - Appendix C)."

No statistical procedures are required for the Limit test.
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2.1.8 Report

"The test report must include the following information:

Test substance:

- physical nature, purity and physicochemical properties (including isomerization);

- identification data.

Vehicle (if appropriate):

- justification for choice of vehicle, if other than water.

Test animals:

- species/strain used;

- microbiological status of the animals, when known;

- number, age and sex of animals;

- rationale for use of males instead of females;

- source, housing conditions, diet, etc.;

- individual weights of animals at the start of the test, at day 7, at death, and at time of

sacrifice.

2-14



NICEATM Up-and-Down Procedure Background Review Document: Section 2.0 April 14, 2000

Test conditions:

- rationale for initial dose level selection, dose progression factor and for follow-up dose
levels;

- details of test substance formulation;

- details of the administration of the test substance;

- details of food and water quality (including diet type/source, water source).

Results:

- body weight/body weight changes;

- tabulation of response data by sex (if both sexes are used) and dose level for each
animal (i.e., animals showing signs of toxicity including nature, severity, duration of
effects, and mortality);

- time course of onset of signs of toxicity and whether these were reversible for each
animal;

- necropsy findings and any histopathological findings for each animal, if available;

- slope of the dose response curve and confidence interval (when determined);

- LD50 data;

- statistical treatment of results (description of computer routine used and spreadsheet

tabulation of calculations)

Discussion and interpretation of results.

Conclusions
(see paragraph 35, Revised UDP, U.S. EPA Document 1B - Appendix C)."

This section has not been altered from that provided in the original UDP.
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2.1.9 Equipment and Training

2.1.9.1 Equipment

Equipment needed is the same as the standard equipment for any oral toxicity tests. Cages,
balances, analytical equipment as necessary to confirm the identity of the test material, possibly
waterbaths or mixers to dissolve the material, dosing syringes, gavage catheters, necropsy
equipment. The only special piece of equipment needed for this method is a standard personal
computer that can run a spread sheet program and a way to run maximum likelihood estimates
using SAS or a similar program. The stopping rule program will be made available in Excel®
and other standard formats on the OECD or U.S. EPA websites or on a floppy disk. It could also
be written, as described in the guideline, by the toxicologists if they wanted to do this

themselves.

2.1.9.2 Training

Technicians running the Revised UDP must be trained in how to properly calculate, mix, and
administer test materials to rats via oral gavage and how to make and record observations in an
acute toxicity study, including the gross necropsy. They should also be familiar with OECD
guidelines on humane endpoints and able to make decisions on when to sacrifice a terminally ill

animal.

Staff must also be able to use the computer programs. A full description of how to use the
stopping rule, with examples, is in the guideline. The use of the maximum likelihood method for
calculating the LD50 is a standard statistical program and would require someone with
experience in these programs. Training may be available for those unfamiliar with the use of this
type of computer programs. Dosing and observations are not any different than any other acute
toxicity protocol. It is important for all acute toxicity studies that the technicians conducting the
studies be trained in making and recording observations correctly. This is a very important

aspect of the guideline and is a point that is often overlooked.
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2.2 Basis for the Selection of Females

In revising TG 401 in 1987, OECD required the use of only one sex of the test species.
Differences in gender sensitivity may include, but are not limited to, differences in specific
enzyme systems (e.g., cytochrome P450 or conjugation pathways) and differences in absorption,
distribution, and excretion (e.g., body fat content and distribution). A complete discussion of

gender considerations is given in U.S. EPA Document 14 (Appendix C).

2.3 Confidential Information

There are no confidential data associated with the Revised UDP.

2.4 Decision Criteria for the Revised UDP

The decision criteria for the Revised UDP are detailed in the guideline. Decision criteria for an
adequate test and for stopping testing are often a part of the computer program (see U.S. EPA

Document 6 - Appendix C).

2.5  Basis for the Number of Replicate and Repeat Experiments

Historically, only a single experiment has been required to estimate the LD50 for a test material
(see TG 401, TG 425, Revised UDP). The scientific basis for this requirement is not known but
is most likely based on limiting animal use and the realization that the resulting LD50 is only a
reasonable approximation. Similarly, the Limit Test is based on a single test. In contrast, the
supplemental test in the Revised UDP to calculate the slope of the dose-response curve and the
corresponding confidence interval of the LD50 is based on three to four replicate tests. The
justification for this number of replications is provided in U.S. EPA Document 1B (Appendix
C).

2-17



NICEATM Up-and-Down Procedure Background Review Document: Section 2.0 April 14, 2000

2.6 Protocol Modifications as a Result of VValidation Studies

The Revised UDP is a test guideline that has been constructed and validated using computer
simulations. The computer simulation studies were used to optimize the protocol as to starting
dose, dose spacing factor, and stopping rules. The starting dose has been changed to 175 mg/kg
as part of the process to reduce animal use for chemicals that have a shallow slope for the dose
response curve. The dose spacing factor was increased to 3.2 in order to curtail excess animal
use prior to the first reversal when the starting dose is far from the LD50. The stopping criteria
allow for a more accurate estimate of the LD50 for chemicals with a shallow slope and still

require only six or seven animals when the slope is steep.
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3.0 Characterization of Materials Tested

Three in vivo studies have been conducted using the UDP. The test materials used in each study
are presented below. For the Bruce (1987) study, selection of the test materials was based on a
wide variation in LD50 values (from 273 to more than 20,000 mg/kg). The rationale for
selecting the five substances in the Bonnyns et al. (1988) study was that each compound affected
different target organs; the published LD50's ranged between 200 to 2000 mg/kg. In the Yam et
al. (1991) study, the ten compounds were arbitrarily selected from the 20 test materials studied
by van den Heuvel (1990), with consideration given to the range of LD50's (48 to greater than
3000 mg/Kkg).

Table 3-1 Reference Test Materials
Bruce (1987)

Test Material Chemical/Product Class CAS Number
Proprietary Ingredient -
Proprietary Laundry detergent -
Proprietary Ingredient -
Proprietary Laundry detergent -
Proprietary Laundry detergent -
Proprietary Shampoo -
Proprietary Flavor -
Caffeine Stimulant 58-08-2
Potassium hydroxide Strong base 1310-58-3
Proprietary Dishwashing detergent -

Bonnyns et al. (1988)

Test Material Chemical/Product Class CAS Number
Barium acetate metal salt 543-80-6
Barbital CNS depressant 57-44-3
Coumarin anticoagulant drug 91-64-5
Allyl heptanoate alkyl ester -
Diquat herbicide 85-00-7
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Yam et al. (1991)

April 14, 2000

Test Material Chemical/Product Class CAS Number
Nicotine plant product 54-11-5
Na pentachlorophenate chlorinated organic salt -

Na arsenite metal salt 7784-46-5
p-Dichlorobenzene chlorinated solvent 106-46-7
Fentin hydroxide -

Acetanilide medicinal/intermediate 103-84-4
Tetrachlorvinphos organophosphate pesticide -

Piperidene solvent 110-89-4
Mercuric chloride metal salt 7487-94-7
4-Aminophenol solvent 123-30-8
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4.0 Reference Data Used for Performance Assessment

In LD50 studies using TG 401, it was common practice to dose 50 or more animals at one time
and evaluate lethality based on a 14-day observation period. The UDP involves the dosing of
animals one at a time in a sequential manner. Sequential sampling is a novel approach to LD50
testing, although it had been used successfully in other areas. The UDP was evaluated in a series
of ten chemicals in 1987 (Bruce, 1987) and the results were compared with LD50's generated
using TG 401. In this series, the test materials consisted primarily of surfactant based cleaners,
but also included a flavoring material, caffeine, and potassium hydroxide. Subsequently, two
other studies (Bonnyns et al., 1988; Yam et al., 1991) compared the results of the UDP with the
classical LD50 test (TG 401). In the Yam et al. (1991) study, the TG 401 data used for
comparison were taken from the van den Heuvel et al. (1990) study. All together, 25 materials
were evaluated in these studies, as detailed in Lipnick et al. (1995). This number of compounds
for validation studies is similar to that run for FDP (20 compounds) (van den Heuvel et al., 1990)
and ATCM (30 compounds) (Schlede et al., 1992).

4.1  Protocol for Reference Data (TG 401)

The reference data were generated using TG 401. No deviations to the protocol were noted in
the Bruce (1987), Bonnyns et al. (1988), or the van den Heuvel (1990) studies.

4.2  Results for TG 401 Studies
A listing of the chemicals in the three comparison studies of the UDP are provided in Table 4-1.
In the Bruce (1987) and the Bonnyns et al. (1988) studies, the authors simultaneously conducted

acute oral testing using TG 401. The Yam et al. (1991) study was part of the validation study for
FDP and the TG 401 data for both studies were taken from the van den Heuvel (1990) study.
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Table 4-1 Results From TG 401 Studies
Test Material LD50 (mg/kg)
Bruce (1987)
Ingredient >20,000
Laundry detergent 10,110
Ingredient >10,000
Shampoo 9,280
Dishwashing detergent 5,560
Laundry detergent 4,040
Laundry detergent 3,510
Flavor 3,490
Caffeine 344
Potassium hydroxide 273
Bonnyns et al. (1988)
Diquat 1,036
Allyl heptanoate 991
Barium acetate 571
Coumarine 470
Barbital 404
Yam et al. (1991)
4-Aminophenol >3,000
p-Dichlorobenzene >2,000
Tetrachlorvinphos >2,000
Acetanilide 1,893
Piperidene 488
Na pentachlorophenate 309
Mercuric chloride 160
Fentin hydroxide 119
Nicotine 71
Na arsenite 48
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4.3  Original Data Sheets
Original datasheets were provided by Proctor & Gamble Co. for portions of the Bruce (1987) and
the Yam et al. (1991) studies. Additional original datasheets are available and will be provided,

if needed.

4.4  Quality of Reference Data

The three studies that generated reference data were conducted using CFR Part 792 or CFR 160
Good Laboratory Practice Regulations (GLP's).

45  Availability of Human Data

Relevant human data exist for each of the chemicals studied in the reference data studies.

Human data were not used in generating the reference data.

4.6  Reference Data for the Computer Simulations

The computer simulations did not utilize any specific in vivo data. Instead, the simulations
encompassed the range of possible LD50’s and slopes as noted in the Office of Pesticides
database (see U.S. EPA Document 14B — Appendix C). Real data on slopes and LD50’s are
also provided in U.S. EPA Documents 9, 10, and 11 (Appendix C).
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5.0 Test Method Data and Results

There have been three studies in which data obtained using the UDP are compared with data
obtained using TG 401. A list of the chemicals tested in each study is provided in Table 5-1. In
the Bruce (1987) and Bonnyns et al. (1988) studies, the TG 401 data were generated at the same
time as the UDP data. In the Yam et al. (1991) study, the TG 401 data was taken from a
validation study for FDP (van den Heuvel et al., 1990) and little is known about the differences

in animals and chemicals between the two studies.

5.1 In Vivo Data Using the UDP

5.1.1 Bruce (1987) Study

In the Bruce (1987) study, 10 chemicals were tested using a dose spacing factor of 1.4 for TG
401 tests and 1.3 for the UDP tests. For TG 401, the animals were dosed simultaneously and
observed for 14 days. For the UDP, the animals were dosed sequentially at least 24 hours apart
and observed for seven days. The stopping rule was that four animals were tested after the first
reversal. The LD50 values for these chemicals ranged from 0.39 to 22 mg/kg, and all calculated
LD50 values for the two methods were within a factor of 1.4, well with the range seen in inter-

and intra-laboratory variation studies (See Section 7.0).

5.1.2 Bonnyns et al. (1988) Study

In the Bonnyns et al. (1988) study, the dose spacing factor was 1.3, and five animals were tested

after the first reversal. The chemicals were selected because they affected different organs as

follows:
barium acetate heart
allyl heptanoate central nervous system
barbital central nervous system
coumarine homeostasis
diquat Kidney
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The published LD50's ranged between 200 and 2000 mg/kg. All calculated LD50 values for the
two methods were within a factor of 1.9, well within the range seen in inter- and intra-laboratory
studies (See Section 7.0). All chemicals would have been classified as harmful by both TG 401
and the UDP tests.

5.1.3 Yametal. (1991) Study

In the Yam et al. (1991) study, ten chemicals were tested using a dose spacing factor of 1.3 and
the stopping rule was to test four animals after the first reversal for the UDP tests. Animals were
dosed sequentially separated by 24 hours. The chemicals were also tested using FDP by testing
five males and five females starting at one of the fixed doses. The animals weighed between 190
and 300g, were fasted for 16 to 20 hours prior to dosing, and were observed for 14 days. The
UDP LD50 data were compared to TG 401 LD50 data of van den Heuvel et al. (1990). The TG
401 data were generated in a single laboratory using the 1981 OECD guideline rather than the
1987 guideline but no details as to strain, age, or weight of the animals were given. The absolute
ratio of each set of LD50 values for the UDP and TG 401 were within a factor of 1.9, except the
ratio for mercuric chloride was 13. It is not clear why this discrepancy was present for mercuric
chloride. It may be related to the purity/batch of the chemical, solubility, weight or age of the
animals, or other possible sources of variation as the TG 401 data were taken from van den
Heuvel et al. (1990). One of the data points could also represent an outlier as well. It should be
noted that data in RTECS indicate that the LD50 for mercuric chloride is considerably less than
160 mg/kg.
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Table 5-1

April 14, 2000

Chemicals and Results for the UDP Validation Studies
Test Material LD50 (mg/kg)
Bruce (1987)
Ingredient 22,400
Laundry detergent 11,090
Ingredient >10,100
Shampoo 8,700
Dishwashing detergent 5,700
Flavor 4,120
Laundry detergent 4.020
Laundry detergent 3,520
Caffeine 421
Potassium hydroxide 388
Bonnyns et al. (1988)
Diquat 1,022
Allyl heptanoate 582
Barbital 581
Coumarine 517
Barium acetate 302
Yam et al. (1991)
p-Dichlorobenzene 2,495
Tetrachlorvinphos 2,208
4-Aminophenol 1,557
Acetanilide 1,107
Na pentachlorophenate 425
Piperidene 337
Fentin hydroxide 152
Nicotine 70
Na arsenite 53
Mercuric chloride 12
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In the three studies involving the UDP, the resulting estimate of the LD50 was compared to an
LD50 generated using TG 401. The Revised UDP utilizes identical methodology as the UDP
except in the dose spacing factor and the stopping rules. On this basis, these studies can be
applied to the validation of the Revised UDP. There was excellent concordance between TG 401
and the UDP data for all 25 chemicals, except for mercuric chloride. The LD50's ranged from

0.05 to 22 mg/kg and several chemical classes were represented.

Except for mercuric chloride, the calculated LD50's for the two methods were within a factor of

1.9, which is well within the variation seen in intra-laboratory studies using TG 401.
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6.0 Test Method Performance

The performance characteristics of the UDP and the Revised UDP can be evaluated, based on

four criteria:

1) the point estimate of the LD50 as compared with TG 401 data,

2) the estimation of the slope of the dose-response curve for lethality and the confidence
interval for the LD50 as compared to TG 401 data;

3) the classification as compared to classification using TG 401 data; and

4) the number of animals used in the study as compared to TG 401.

6.1 In Vivo Validation Studies

In Table 6-1, the results from the three in vivo validation studies involving TG 401 and the UDP
are provided along with the ratio of the LD50 values for the two methods. For all 25 chemicals,
the average ratio of the LD50's for the two methods is 1.76. If mercuric chloride is not included,
the average ratio is 1.28. The LD50 using the Revised UDP was the higher value for 15 of the
25 chemicals and was the lower value for 10 of the 25 chemicals. These data indicate that the
two methods essentially provide the same point estimate of the LD50 for the chemicals tested.
The one exception is mercuric chloride. Without access to the data for the TG 401 LD50's in the
van den Heuvel (1990) study, it is not possible to determine if there are significant differences
(e.g., age or weight of the animals or purity of the test material) in the two studies that may have
affected the outcome. In the Bruce (1987) and the Bonnyns et al. (1988) studies, the same
laboratory determined the LD50's using both TG 401 and the UDP.

A comparison of rat oral LD50 data with estimated human lethality data is given in Table 6-2.
The average ratio of the UDP LD50 to the lower estimate of human lethality is a factor of 46.
This factor compares well with the safety factor of 100 often applied in risk assessment
procedures in deriving a safe level for humans using animal data. These data also illustrate and
support the conservative approach of using safety factors in human risk assessment. On this

basis, the UDP provides suitable data for risk assessment purposes and probablistic modeling.
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Table 6-1 Validation Studies for the UDP

Absolute Ratio
LD50 (mg/kg) of LD50 values
Test Material TG 401 | UDP
Bruce (1987)
Ingredient >10,000 >10,100 1.01
Laundry detergent 4,040 3,520 1.15
Ingredient >20,000 22,400 1.12
Laundry detergent 3,510 4.020 1.15
Laundry detergent 10,110 11,090 1.10
Shampoo 9,280 8,700 1.07
Flavor 3,490 4,120 1.18
Caffeine 344 421 1.22
Potassium hydroxide 273 388 1.42
Dishwashing detergent 5,560 5,700 1.03
Bonnyns et al. (1988)
Barium acetate 571 302 1.89
Barbital 404 581 1.44
Coumarin 470 517 1.10
Allyl heptanoate 991 582 1.70
Diquat 1,036 1,022 1.01
Yam et al. (1991)

Nicotine 71 70 1.01
Na pentachlorophenate 309 425 1.38
Na arsenite 48 53 1.10
p-Dichlorobenzene >2,000 2,495 1.25
Fentin hydroxide 119 152 1.28
Acetanilide 1,893 1,107 1.71
Tetrachlorvinphos >2,000 2,208 1.10
Piperidene 488 337 1.45
Mercuric chloride 160 12 13.3
4-Aminophenol >3,000 1,557 1.93

Average Ratio 1.76

Average Ratio (without mercuric chloride) 1.28
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Table 6-2 UDP Study Chemicals With Human Oral Lethality Data

UDP TG 401
Rat LD50 RatLD50  Dosagefor 60 kg person*
(mg/kg) (mg/kg) (mg/kg)
Bruce (1987)
Caffeine 421 344 50— 167
Bonnynset al. (1988)
Barbital 581 404 100-167
Diquat 1,022 1,036 67-100
Yam et al. (1991)
Nicotine 70 717 0.67-1.0
Sodium Arsenite 53 48t 1-20
Fentin Hydroxide 152 119t 117
Acetanilide 1,107 1,893t 0.83-8.33
Mercuric Chloride 12 160t 8.33
4-Aminophenol 1,557 >30007 16.7

* Data from the Hazardous Substances Data Bank, National Library of Medicine (May 2000)
T Data from van den Heuvel et al. (1990)
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6.2  Computer Simulation Validation of the Revised UDP

The Revised UDP is a statistical sampling technique designed to determine the mean and
variance of the population of a test species (generally, the rat). The Revised UDP has not been
validated in in vivo studies. However, the UDP has been validated against TG 401 using in vivo
studies. Because the Revised UDP only involves a change in statistical sampling technique, its
performance cannot easily be determined using in vivo studies. Thus, since computer
simulations are more appropriate, the Revised UDP has been validated using this approach (see
U.S. EPA Documents 5 and 6 - Appendix C).

6.2.1 Rationale for Statistical Approach for the Revised UDP

Acute oral toxicity tests provide quantal data because the result in any one animal can be only
one of two possibilities — it lives or it dies. In evaluating a statistical method, the question will
be, "How well does the method predict the mean and variance of the population based on a small
sample taken from that population?” Consider an experiment to determine how often a coin will
come up heads or tails when it is flipped. Clearly the results of a single trial would not be
sufficient to determine the correct answer. Even several trials would not provide the correct
answer. Instead, the trials must be repeated over and over to determine how often the sampling

technique will predict the correct answer.

6.2.2 How the Computer Simulations Work

The simulations are meant to be representative of all possible types of response configurations
that are anticipated under the assumed conditions. To simulate an experiment, the starting dose,
the underlying distribution of tolerances which is characterized by the LD50 and the slope of the
dose-response curve, hazard classification, boundary doses, rules for handling boundary doses,
and stopping rules must be known. Even more information is needed for slope estimation
experiments. By simulating experiments under a set of assumed conditions, the distribution of
possible outcomes can be characterized. The simulations take into account the variety of

outcomes that are possible, and the probabilities with which they are observed. In some cases,
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simulations are not necessary because distributional results can be used to determine how the test

procedure performs.

For the Revised UDP, one experiment is simulated at a time, and the LD50 estimated. A total of
1000 to 5000 simulation experiments are conducted for each experimental design. This number
of simulations is sufficient to get a good representation of all of the experimental results that
would likely occur. The distribution of the LD50 estimates is then summarized, and the 5™ and

95™ percentiles are reported.

The simulations are aimed at evaluating all of the permutations possible for the multiple
experiments, and do not provide the permutations possible for any one animal. If a given dose
has a 30% expected mortality, then on the average, in simulated experiments, that dose would
produce lethality 30% of the time. However, as with any sample from a larger population, for
any given set of animals receiving that dose, it does not mean that 30% of these ten animals will
die.

6.2.3 Validation Using Computer Simulations

During a recent OECD evaluation of acute oral tests, all currently accepted designs were shown
by simulation techniques to have poor ability to estimate the LD50 of the underlying population
when the dose-response curve is shallow and the starting dose for the test is far from the actual
LD50 (see U.S. EPA Document 1A — Appendix C). In an attempt to determine if improvements
in the sampling technique can be made that will improve the ability of the Revised UDP to
correctly estimate the LD50, simulations have been conducted (see U.S. EPA Documents 5 and 6
— Appendix C). Using simulations, the Revised UDP has a much better chance of placing the
estimated LD50 close to the mean of the underlying population, even when the starting dose is
inappropriate, as shown in Table 6-1. This type of comparison would not be possible using
actual animal tests, since it would be impossible to determine which small sample tested is

providing the correct estimate of the underlying population and which is incorrect.
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Instead, using LD50 data that have been generated in past studies, a series of assumptions as to
the slope, true LD50, and the starting dose have been used to evaluate the Revised UDP as a
statistical sampling technique. Using these assumed values, the UDP has been simulated to see
how well it estimates the true LD50 and slope using the various assumed values. The assumed
values have been treated as though they are the mean and variance of the population. When both
the mean and variance of the population are known, it is possible using a computer to simulate
the generation of a random sequence of responses. Using this method, the computer can
simulate the results from repeatedly taking small samples from a much larger population. The
population is sampled in such a way that the results from the small sample have the best chance
of correctly estimating the mean and variance of the entire population. By using a series of such
simulations, it is possible to test how often the Revised UDP will accurately estimate the mean

and variance or standard deviation of the population.

Animal testing is not only not necessary but is without value in determining the validity of the
new statistical design. The underlying population and test method variations have not changed.
This variability has previously been characterized and deemed acceptable by both the United
States and international regulatory community. Sequential sampling techniques (UDP) have
been shown to effectively estimate the LD50. To evaluate the Revised UDP, it is necessary to
compare the results of hundreds or better yet thousands of runs. Using commonly accepted

computer simulations, more than 10,000 individual runs have been conducted.

6.3  Results of Computer Simulations

Simulations and calculations have been performed to explore the performance of the Revised
UDP, which provides a method for sequential dosing to determine acute lethality (see U.S. EPA
Document 5 — Appendix C). Computer simulations have been used to optimize the protocol.
The simulations have examined the spacing of doses, the efficiency of animal usage, starting
dose, assumed slope, and certain other factors. Simulations have also been used to examine the

effects of steep and shallow slopes and the effects of the starting dose being far from the LD50.
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The UDP, as adopted, is designed to efficiently determine the LD50. To do so, a value for the
slope and an estimate of the LD50, based on information available for the chemical, must be
assumed. Even so, the UDP does an excellent job in determining the LD50 except for chemicals
that have a shallow slope or in cases where the starting dose is far from the "true" LD50.
However, the U.S. EPA and other regulatory agencies need the slope of the dose-response curve
and the confidence interval of the LD50 for certain chemicals for probabistic modeling and risk

assessment purposes.

The primary study in the Revised UDP is identical to the current UDP except for the dose-
spacing factor, stopping rule, and other improvements and has been shown to efficiently estimate
the LD50. The areas of improvement as evaluated via computer simulations are described
below. Most of the changes evident in the Revised UDP involve the supplemental study and
have been implemented to improve the estimation of the slope of the dose-response curve and

the calculation of confidence interval of the LD50.

6.3.1 Dose-Spacing Factor

A discussion of the dose-spacing factor requires knowledge of slope and variance. The standard
deviation for a data set is designated as sigma (s) and sigma is the inverse of the slope of the
dose-response curve. Thus, a sigma of 0.5 corresponds to a slope of 2. Sigma is a measure the
spread of the data around the center point in a lognormal bell-shaped curve (i.e., around the
LD50). The method is optimized when the slope of the dose response curve for the material is
near the assumed slope (the default spacing factor of 3.2 is optimized for a slope of 2). With the
large spacing factor, the performance of the method is not affected by the starting dose, although
the number of animals used will increase if the starting dose is far from the LD50. On the other
hand, for a shallow slope, the method is more likely to provide a correct estimate if the starting
dose is closer to the LD50. For a steep slope, the method provides a good estimate even if the
starting dose is far from the LD50 because the first reversal will be close to the LD50. However,
for a shallow slope, the first reversal may occur far from the LD50 resulting in a bias toward the
starting dose. Thus, the probability of an early reversal (far from the LD50) depends on the

slope, not the starting dose.
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The dose spacing in the UDP is 1.3d, where d is the previous dose. This spacing corresponds to
a slope value of 8 in the dose-response curve and a sigma of 0.125 in the normal curve of animal
responses to the chemical in a test for lethality. Simulations of the values for the LD50
calculated in the UDP guideline demonstrate that performance is optimum when the starting dose
is very close to the true LD50 and the assumed or assigned sigma is small and/or close to the true
sigma. In fact, simulations show that the method works well for "true™ sigma values < 0.25 (i.e.,
the median value estimated for LD50 is very close to the true LD50 and the 90% ratio
(difference between 5th and 95th percentile predictions) of LD50 is relatively small (i.e., < 3).
The probability of an early first reversal in test outcome depends upon the distance of the initial
dose from the true LD5O0.

If the starting dose diverges significantly from the true LD50 and the spacing factor is 1.3d, the
number of animals utilized to reach the LD50 can be excessive. When the starting dose is not
close to the true LD50 and the slope is shallow, a bias is introduced in the median value of the
estimated LD50; in these cases, the bias is towards the starting dose. When sigma is larger than
the spacing factor, the spread of estimated LD50 increases. Simulations show that under these
conditions, the 95/5% ratio may be highly variable and range up to one or two orders of
magnitude. For a spacing factor of 1.3d, shallow slopes do not increase animal usage, but
instead the test terminates early because the first reversal is far from the LD50. However, steep
slopes may cause an increase in animal usage if the starting dose is far from the LD50 because it

may take several doses to reach the lethal range for the material when the spacing factor is small.

To reduce this inefficiency, consideration was given to changing the dose-spacing factor. After a
number of simulation trials, it was found that use of a larger dose step size, namely 3.2d (or 0.5
log d), improved the efficiency of animal usage. In addition, when simulation experiments were
performed with this step size and calculations of LD50 used an assumed sigma value of 0.5
(corresponding to a slope of 2), the bias was minimized or eliminated in the median value of
estimated LD50. However, there was only a slight improvement in the precision or the spread of

estimated LD50 values (i.e., the 95/5% ratio). For chemicals with very shallow slopes or a large
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spread (sigma = 1.25), a bias in median value of LD50 again appears, and the 95/5% ratio

increases, but the problems are not as severe as before with the smaller (1.3d) dose spacing.

A comparison of the median estimated LD50 (based on 1000 runs) and the number of animals
used for dose spacing factor of 1.3 and 3.2 is provided in U.S. EPA Document 5 (Appendix C).
By increasing the spacing of doses, the efficiency of animal usage is improved, and certain other
characteristics are optimized in many simulations. The LD50 estimate using a spacing factor of
1.3 is very close to the actual LD50 for simulations using a steep slope; however, animal usage
can be as high as 21. While the LD50 using a spacing factor of 3.2 is below the actual LD50, it
never requires more than 10 animals. For moderate and shallow slopes, the spacing factor of 3.2
results in LD50 estimates that are more accurate and uses fewer animals than for LD50 estimates

using the 1.3 spacing factor.

6.3.2 Use of a Stopping Rule

In cases where the slope of the dose-response curve is shallow, it may take many animals to
determine an accurate LD50. If the test stops with four animals after the first reversal as is the
case for the UDP, the estimate of the LD50 is not very accurate. Therefore, a stopping rule is
needed to eliminate this inaccuracy. To obtain an accurate LD50, the test must be extended to
more animals for materials with a shallow slope. The stopping rule allows an accurate estimate
of the LD50 while limiting the total number of animals to 15. The stopping rule has been
designed to allow the test to stop four animals after the first reversal if the slope is steep. Based
on the percentage of chemicals with a known shallow slope, the stopping rule will not increase

animal usage for a majority of test materials.

Five stopping rules have been considered:

1) Based on fixed nominal size. Testing four additional animals after the first reversal. If a

reversal is seen on the second dose, the nominal size will be six.
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2) Based on the number of reversals. Testing stops after five reversals. Under the most
favorable conditions (each dose after the first resulting in a reversal), the number of
animals needed would be six.

3) Based on the convergence of estimators of the LD50. Two estimators of the LD50 are
the maximum likelihood estimate and the geometric average dose. Testing stops when
the ratio of the two estimators falls below 2 or other preassigned factor.

4) Based on a likelihood ratio with optimized slope. Values close to the geometric mean
carry more weight than values far from the geometric mean. Weighting is determined
using the likelihood ratio.

5) Based on a likelihood ratio with default slope. ldentical to 4) except a default slope is

used which reduces the complexity of the calculations.

As stated above, stopping rule 1) does not work for shallow slopes. U.S. EPA Document 6
(Appendix C) provides a comparison of the number of animals used for each of the stopping
rules for slopes varying from 0.5 to 8.3. Data are presented for starting doses of 0.1 LD50,
LD50, and 100 LD50. On the basis of these data, stopping rules 1), 3), and 4) were not
considered further.

The final stopping rule criteria are:

1) The upper bound is reached and three consecutive animals survive at that bound or the lower
bound is reached and three consecutive animals die at that bound.

2) The next animal to be tested would be the 7" and each surviving animal has been followed
by a death and vise versa (i.e., five reversals occur in six animals dosed).

3) Starting with the fourth animal after the first reversal (which may be as early as the 7"
animal) three measures (likelihood estimates) of the test progress are compared via two
ratios. If the first measure is at least two-and-one-half times both of the other measures (i.e.,
both ratios are at least 2.5), testing stops (see Appendix Il in U.S. EPA Document 1B —
Appendix C)
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6.3.3 Other Considerations

6.3.3.1 Bounding of the range of test doses

The UDP has been modified so that test doses are bounded below by 1 mg/kg and above by 2000
or 5000 mg/kg. The features of the current algorithm (see U.S. EPA Document 5) are the

identification of a finite set of testable doses and a modification of the dose spacing factor.

6.3.3.2 Stopping at the bound dose, “out of bound” estimates (The Limit Test)

Testing stops if there is a sequence of three non-responses at the highest testable dose, or a
sequence of three responses at the lowest testable dose. In those cases, the finding from the
study is that the LD50 is outside the testable range (below 1 mg/kg or above 2000/5000 mg/kg).
When the LD50 is calculated to be greater than 2000/5000 mg/kg, the experimenter would not
use the point estimate of the LD50 but would merely conclude that the LD50 is above 2000/5000
mg/Kkg.

6.3.3.3 Performance indices and other statistics reported

The performance indices have been extended by including the percent of estimates “within a
factor of 2" of the true LD50. The index is denoted PF2, standing for Percentage with Factor-of-

2 accuracy. The index combines bias and precision.

When calculating measures of bias or spread, “out-of-bound” estimates are replaced with the

nearest bound value (1 or 5000).

6.3.3.4 Maximum number of animals

The maximum number of animals tested has been set at 15. When 25 was used as the maximum
number of animals, the number of animals tested was inflated in some situations even when the
initial test dose was reasonable. Results using 15 animals were not markedly different from

results using 25 animals.
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6.3.3.5 Simulated outlier scenario.

Due to concern regarding whether the simulation models adequately characterize the range of
events that may occur in actual lab situations, an *“outlier scenario” has been simulated: The
initial test was assumed to be below the true LD50 (here 750 units) by a factor of 10 or 100, and
the first animal tested was assumed to respond, regardless of the probability of response
calculated from the probit model. The idea is that such an event could result from background
mortality, mishandling, or administration of an incorrect dose. When dealing with data that
includes an outlier, there is practically no chance for the nominal number (n = 6) stopping rule to
give a reasonable estimate of the LD50. This suggests that the stopping rule based on a nominal
number of animals should be abandoned. Using flexible-n stopping rules (e.g., based on the
number of reversions or based on the maximum likelihood using a default slope), appreciably
higher probabilities of reasonable results were obtained as shown in U.S. EPA Document 5
(Appendix C).

6.4  Calculation of the Slope and Confidence Interval

A number of computer simulations have tracked the calculation of the slope depending on the
assumed slope, the starting dose, and the true LD50. These data are shown in U.S. EPA
Document 6 (Appendix C). Two methods have been considered for calculation of the slope and
confidence interval. One utilizes the UDP in the Supplemental Study and involves a multiple
sequence dosing procedure in which three of four runs are conducted simultaneously. The

second method (Group Method) is a modification of the TG 401 for the Supplemental Study.
6.4.1 Multiple Sequence Dosing

A number of variations of multiple sequence dosing have been were simulated. In all cases, the
LD50 is determined first. Then, three or four UDP tests are run in parallel beginning at slightly

different starting doses. Each of three or four runs stops when the first animal dies. The

individual data for all runs, including the initial LD50 run, are then combined and used in a

6-12



NICEATM Up-and-Down Procedure Background Review Document: Section 6.0 April 14, 2000

probit analysis to estimate the LD50 and slope of the dose response curve. Data from computer
simulations for this procedure are provided in U.S. EPA Document 6 (Appendix C). The
number of animals used is greater than in the primary study, but only one animal per run (3 or 4

total) should be killed by the test material in the supplemental study.

6.4.2 Group Method Dosing

This method involves dosing groups of ten or more animals at set lethality points (e.g., LD10,
LD16, LD84) derived from the dose response curve. Data for this procedure are given in U.S.
EPA Document 6, Part B (Appendix C). The group method labeled "Best Estimate” gives the
best results but utilizes 30 animals not including those required for the LD50 determination (an
additional seven animals for the LD50 determination). The group method works fairly well for
steep slopes but generally uses more animals than TG 401 (37 animals plus seven animals for the
LD50 determination).

6.5 Hazard Classification

All three of the in vivo validation studies resulted in the estimation of the LD50 for the chemicals
studied. Thus, a direct comparison of how the UDP compared with TG 401 in toxic
classification is shown in Table 6-3. For the Bruce (1987) and the Bonnyns et al. (1988) studies,
there is 100% agreement between the UDP and TG 401 in the classification of the chemicals
tested. In the Yam et al. (1991) study, a study using the FDPO was conducted along with the
UDP and the results were compared with the published results of van den Heuvel et al. (1990).
The UDP gave the same classification as TG 401 for eight of the chemicals tested. For the other
two chemicals, the UDP gave a more conservative classification. The FDP gave the same
classification as TG 401 for seven of the chemicals tested, was less risk averse for two
chemicals, and was more risk averse for the other chemical. When compared to the FDP, the
UDP gave the same classification for eight of the chemicals and was more conservative for the
other two chemicals (mercuric chloride and 4-aminophenol). A comparison of the results for
FDP, ATC, and UDP are given in Table 6-4. Overall, the UDP gave the same classification as
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TG 401 for 92% of the chemicals tested and was more conservative (higher classification) for the

other 8% of the chemicals tested.

Table 6-3 Toxic Classification
Toxic Classification
Test Material TG 401 | UDP FDP
Bruce (1987)
Ingredient Unclassified Unclassified ND
Laundry detergent Unclassified Unclassified ND
Ingredient Unclassified Unclassified ND
Laundry detergent Unclassified Unclassified ND
Laundry detergent Unclassified Unclassified ND
Shampoo Unclassified Unclassified ND
Flavor Unclassified Unclassified ND
Caffeine Harmful Harmful ND
Potassium hydroxide Harmful Harmful ND
Dishwashing detergent Unclassified Unclassified ND
Bonnyns et al. (1988)
Barium acetate Harmful Harmful ND
Barbital Harmful Harmful ND
Coumarine Harmful Harmful ND
Allyl heptanoate Harmful Harmful ND
Diquat Harmful Harmful ND
Yam et al. (1991)

Nicotine Toxic Toxic Toxic
Na pentachlorophenate Harmful Harmful Harmful
Na arsenite Toxic Toxic Toxic
p-Dichlorobenzene Unclassified Unclassified Unclassified
Fentin hydroxide Toxic Toxic Harmful
Acetanilide Harmful Harmful Unclassified
Tetrachlorvinphos Unclassified Unclassified Unclassified
Piperidene Harmful Harmful Harmful
Mercuric chloride Toxic Very Toxic Toxic
4-Aminophenol Unclassified Harmful Harmful

VT = Very Toxic = LD50 < 50 mg/kg; T = Toxic = LD50 > 50 mg/kg but < 500 mg/kg;

H = Harmful = LD50 > 500 mg/kg but < 2000 mg/kg; U = Unclassified = LD50 > 2000 mg/kg

ND = no data
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Table 6-4  Comparison of FDP, ATC, and UDP
OECD Test No. No. Test Alternative Test Hazard Reference
Alternative | Chemicals | Comparisons | Classification Compared to
that of Standard Test (%)
Same | Greater | Lesser
Hazard | Hazard | Hazard
41 41 75.6 49 19.5 van den Heuvel et al.,
20 414 80.2 35 16.3 van den Heuvel et al.,
1990
ATC 30 179 86 9.0 5.0 Schlede et al., 1992
20 175 86 5.3 8.7 Schlede et al., 1995
UDP 25 25 92.0 8.0 0 see Lipnick et al., 1995
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7.0 Test Method Reliability (Repeatability/Reproducibility)

There are no known in vivo data on the reliability and repeatability of the Revised UDP. The
UDP has been shown to perform well when compared to TG 401 (see Section 6.0). The OECD
agreed when approving the UDP that the dosing method and observations were identical to TG
401 and the ATCM, so the inter- and intra-laboratory variability should be identical as well.
Data are presented for the repeatability and reproducibility acute oral toxicity studies. Using
computer simulations, the repeatability and reproducibility of the Revised UDP has led to an

optimized protocol.

7.1 Inter-laboratory Variation Studies for Acute Oral Toxicity Studies

In 1964, Griffith studied inter-laboratory variation in determining the acute oral LD50. Four
chemicals were tested at six contract or industrial toxicity testing laboratories. Most laboratories
utilized male and female Sprague-Dawley rats weighing between 200 and 300 g; however, two
laboratories used only male rats. Four laboratories fasted the rats before dosing, whereas two
laboratories did not fast the rats. The laboratories were free to decide how to prepare the doses
and when a vehicle was to be used. Five laboratories used water and one used corn oil. All
materials were delivered to the laboratory as coded materials and all doses were administered via

oral gavage. A total of four different statistical methods were used to calculate the LD50.

The ratio of the highest LD50 value to the lowest LD50 value ranged from 2.0 for sodium
bicarbonate to 2.8 for sodium alkyl benzene sulfonate. The results for each chemical are given in
Table 7-1. For laboratories that used the same concentration of the material in water, the LD50's
were much closer. Dosing in corn oil seemed to lessen the toxic effects of the three materials
that were administered in a vehicle, at least when the concentration in corn oil was the same as
the concentration in water. In spite of all of the differences in the acute oral toxicity protocol for

these four chemicals, the LD50's were all within a factor of 2.8.

In 1967, Weil and Wright reported the results of an inter-laboratory comparison of eight

laboratories studying the acute oral toxicity of 10 chemicals. Each laboratory conducted the test
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using three protocols. The first or standardized protocol specified the strain, weight, and number
of rats, that the rats were to be fasted overnight, the dose spacing factor, and the rat diet. The
second protocol was identical to the first except the laboratory could chose the strain of rat to be
used. The third protocol was not directed in any way (i.e., the laboratory conducted the test

according to their standard procedures).

Using a standardized protocol, the ratio of the highest LD50 to the lowest LD50 for nine
chemicals ranged from 1.5 to 2.8 as shown in Table 7-2. For the 10" chemical, the ratio was
5.0. Some of the variability resulted from one laboratory inadvertently utilizing specific
pathogen free rats instead of conventional stock rats as specified in the protocol. For that

laboratory, the LD50's were relatively higher than for the other laboratories.

Table 7-1 Ratio of Highest to Lowest Inter-Laboratory LD50's from Griffith (1964)

Test Material Highest LD50 Lowest LD50 Ratio
Sodium Bicarbonate 8.29 4.22 1.96
Akylbenzene sulfonate 5.82 2.05 2.84
Granular detergent 7.92 3.56 2.60
Liquid detergent 16.15 7.25 2.23

Table 7-2 Inter-Laboratory LD50's from Weil and Wright (1967)

Material

Laboratory | 1 2 3 4 5 6 7 8 9 10
1 2.24 | 259 [0.71 | 566 |0.21 |3.25 [8.00 |6.73 |0.77 | 6.50
2 2.12 {150 [0.42 | 560 |0.20 |2.38 | 8.48 |4.06 |1.23 |4.24
3 246 | 2.80 [0.28 | 590 |0.21 492 |9.90 (891 |1.97 |8.12
4 162 | 187 |0.71 | 492 (027 |492 | 746 |7.46 |1.23 |2.83
5 246 | 1.23 [ 054 | 429 |0.13 |2.83 | 650 [283 |0.81 |3.36
6 2.26 | 1.97 | 057 | 453 |0.17 |3.94 | 6.86 |9.05 |0.70 | 4.85
7 154 | 154 | 034 | 354 |0.13 |4.06 (812 |14.1 |1.17 |545
8 2.14 | 119 |0.71 |4.24 |0.16 [4.00 [9.85 |5.04 |1.29 |3.57

(Absolute 16 |24 |25 |17 |20 |21 |15 |50 |28 |28

LD50 Ratio)
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The results using the second protocol were almost identical to the results for the standardized
protocol. The results using the third protocol were much more variable than those using the
standardized protocol. For these studies, nonfasted rats and more mature rats (weighing 220-310

g) resulted in significant differences in the LD50 values.

7.2 Intra-Laboratory Variation Studies for Acute Lethality Studies

In 1966, Weil and coworkers reported results for an intra-laboratory study of the acute oral
toxicity of 26 chemicals. The LD50’s were determined for almost all chemicals in 11 of 12
consecutive years. Each test utilized nonfasted rats (predominantly males) weighing between 90
and 120 g. Over the 12 years, six strains of rats were used, and eleven technicians were involved

with dosing. The materials were administered neat, in water, in corn oil, or in Tergitola .

The ratio of the highest LD50 to the lowest LD50 value for each chemical ranged from 1.33 for
dipropylene glycol to 3.18 for monoethanolamine. The results for all 26 chemicals are provided
in Table 7-3. Considering the variations in strains of rat, varying use of a vehicle, and different

technicians, the acute oral toxicity test is quite reproducible.

In 1967, Weil and Wright reported the results of an acute oral toxicity study conducted in eight
laboratories using ten different chemicals. Each laboratory conducted the test using three
protocols. By comparing the results for the three protocols for each laboratory, an indication of
intra-laboratory variation was ascertained. The specific LD50 data were not reported; however,
the data were reported using a ranking procedure. Using a relative rank procedure based on the
sum of ranks for all 10 chemicals, there was essentially no differences for the three protocols as

the sum of ranks were 15, 15, and 17, respectively, as shown in Table 7-4.
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Table 7-3 Intra-Laboratory Reproducibility From Weil (1966)

Test Material LD50 Ratio (High/Low)
Mesityl oxide 2.00
2,4-Pentane dione 1.63
2-Ethyl butyric acid 3.02
Isophorone 2.96
Diethanolamine 2.19
Morpholine 1.74
Monoethanolamine 3.18
Butyl cellosolve 2.11
2-Ethyl hexanoic acid 2.19
2-Ethyl hexanol 2.11
Methyl cellosolve 1.65
n-Butanol 2.43
Diethyl carbitol 2.28
2-Ethylhexenediol 3.15
Diisobutyl ketone 2.25
Diacetone alcohol 1.50
Butyl carbitol 2.72
Triethanolamine 2.05
Ethylene glycol 2.00
Methyl carbitol 1.56
Carbitol 1.96
UCON LB-400 2.79
Dipropylene glycol 1.33
Diethylene glycol 1.74
Triethylene glycol 1.92
Propylene glycol 1.52
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Table 7-4 Relative Rank of Sum of Ranks for LD50's (Weil and Wright, 1967)

Laboratory
Procedure 1 2 3 4 5 6 7 8 Sum
I 3 1 2 25 |1 3 15 |1 15
I 2 2 1 25 |2 1 15 |3 15
Il 1 3 3 1 3 2 3 2 17

7.3 Other Studies

Zbinden and Flury-Roversi (1981) reviewed acute oral toxicity data from the open literature.

They correctly noted that many factors can affect the determination of the LD50 including:

= animal species

= age of the animals = housing conditions

= weight of the animals = seasonal variations

= sex of the animals * humidity

= genetic influence (strain differences) = light/dark cycle

= animal health " noise

= diet = weather (barometric pressure)
= food deprivation = technician training

= dosing procedure = acclimation period

» ambient temperature

All of the factors are important and over time the protocol has become standardized as an attempt
to minimize variability. However, after Zbinden and Flury-Roversi (1981) noted these factors
that affect variability, they claimed the LD50 test was unreliable because the open literature
shows values that ranged from 3.66 to 11.89 fold. It should be noted that the data producing

high variability were not generated using a standardized protocol (e.g., the weight of the male
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rats varied from 52 to 400 g). Had the data been generated using a standard protocol, it likely

would not have varied beyond a factor of three, as seen in the studies summarized above.

Based on inspection of LD50 data available from RTECS or other reference texts and databases,
the LD50 reported for several species and multiple strains using differing protocols varies by a
factor of 10 or more. Such a compilation is not adequate to evaluate inter- or intra-laboratory

variation.

7.4 The Need for Additional Repeatability/Reproducibility Studies

Reference acute oral toxicity data were obtained from inter- and intra-laboratory studies using
protocols that predate TG 401. It is clear from these results that the protocols for acute oral
toxicity studies need to be standardized if the results for various studies are to be compared. TG
401 is standardized and the results in inter- and intra-laboratory studies show that the method
provides an estimate of the true LD50 within a factor of about three. As TG 401 has been
considered the classical method for many years, new or alternative methods to TG 401 should

produce results comparable to those obtained using TG401.

75 Inter-Laboratory Reproducibility Studies Using FDP and ATC

Two multi-laboratory international studies have been conducted that generated data about the
inter-laboratory reproducibility of two acute toxicity methods. In the first study, van den Heuvel
et al. (1990) reported the results of 33 laboratories in 11 countries studying 20 coded chemicals
using the FDP. For each chemical, the FDP was tested in 26 of the 33 labs. The labs were free
to choose the strain of rat and 21 used Sprague-Dawley rats, 9 used Wistar rats, and one used
Fischer 344 rats. The age of rats at study initiation was 8 - 12 weeks and weight was + 20% of
the mean. The exact strain, age, and weight used in each study were not provided. Animals
were dosed at 5, 50, 500, or 2000 mg/kg and the results were matched with the then current EC
classification scheme. The reproducibility of the FDPisillustrated in Table 7-5.
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Of 516 comparisons, the authors reported 414 (80.2%) of the FDP classifications were the same
as the LD50 test. For 84 comparisons (16.3%), the FDP underclassified the chemicals, and for
18 comparisons (3.5%), the FDP overclassified the chemicals. Fentin hydroxide, 2-
chloroethanol, and 4-aminophenol were underclassified by 69%, 27%, and 35% of the testing
laboratories, respectively. 1-Phenyl-2-thiourea was overclassified by 46% of the testing
laboratories. The authors stated that the variability of the results for 1-phenyl-2-thiourea was
probably due to solubility problems. For fentin hydroxide, wide variations were due in part to
strain and weight differences. The Fischer 344 rats used by one lab were reported to be twice as
big as the other strains. This means that there were large differences in age because Fischer 344
rats are usually smaller than Sprague-Dawley or Wistar rats of the same age. The results for 4-
aminophenol and 2-chloroethanol were not readily explained. According to the authors, the

FDP produces “ consistent results that are not substantially affected by interlaboratory variation.”

In the second study, Schlede et al. (1995) reported the results of 9 laboratories in 5 countries
studying 20 coded chemicalsusing ATC. Six of the labs chose to use Sprague-Dawley rats and 3
used Wistar rats. No specifications as to age or weight were given except that all rats used were
reported to be + 20% of the mean at study initiation for each laboratory. Based on a comparison
with LD50 data (selected from various sources in the open literature), 8 of the 20 chemicals were
classified correctly by al labs reporting data. The reliability of ATC isillustrated in Table 7-6.

Of 173 comparisons, 136 (79%) of the ATC classifications were the same for the laboratories
reporting data. Indomethacin, N-phenylthiourea, and bis(tributyltin)oxide were underclassified
by 56%, 56%, and 78% of the testing laboratories, respectively. Cadmium chloride was
overclassified by 67% of the testing laboratories. No explanation was given for these deviations.
According to the authors, the ATC is “areliable aternative to the LD50 test.”

Even with variability due to strain, age, and weight of rats, the FDP and ATC were reasonably
consistent for all of the chemicals tested (only three chemicals spanned three classes). These two
international studies support the overall reproducibility of invivo acute toxicity data and would
suggest that there is no need for in vivo interlaboratory validation studies for the UDP (see U.S.
EPA Document 13, Appendix C).
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Table 7-5

Chemical

Class 3 (0- 25 mg/kg)t
Aldicarb (10%)

Class 2 (25 — 200 mg/kg)
Phenyl mercury acetate
Sodium arsenite
2-Chloroethanol
Nicotine
Fentin hydroxide
1-Phenyl-2-thiourea
Mercuric chloride

Class 1 (200 — 2000 mg/kg)
Sodium pentachlorophenate
Piperidine
Resourcinol
Ferrocene
Acetanilide

Class 0 (2000 —  mg/kg)
p-Dichlorobenzene
Quercetin dihydrate
Tetrachloevinphos
Naphthalene
Acetonitrile
Dimethyl formamide
4-Aminophenol

Totals (n=516)

LD50
(mg/kg)

3.2-5.0

37

48

60

71

119
126-400
160

309

488

489
1260-2000
1893

>2000
>2000
>2000
>2000
>2000
>2000
>3000

Inter-Laboratory Reproducibility of FDP (van den Heuvel et al. 1990)

April 14, 2000

Number of Labs Classifying (n=26)*

Correctly

22

24
25
19
23

12
25

25
24
25

26
26
25
26
22
26
17
407

Over

12

31

Under

23
22

78

*Correctly =same as LD50; Over=greater hazard than LD50; Under=lessor hazard than LD50

tActua doses utilized were 5, 50, 500, and 2000 mg/kg
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Table 7-6 Inter-Laboratory Reproducibility of ATC (Schlede et al. 1995)

Chemica LD50 Number of Labs Classifying (n=9)*
(mg/kQg) Correctly Over Under

Class 3 (0—25 mg/kg)

Aldicarb 9

Parathion 4 9

N-Phenylthiourea 4 5

Thiosemicarbazide 12 9

Indomethacin 13 4 5
Class 2 (25 — 200 mg/kg)

Mercuric oxide 29 8 1

Sodium arsenite 38 8 1

Bis(tributyltin)oxide 147 2 7

Acrylamide 163 8 1
Class 1 (200 — 2000 mg/kg)

Cadmium chloride 237 3 6

Caffeine 270 8 1

Aniline 822 9

Ferrocene 1280 9

Sodium salicylate 1601 6

Acetanilide 1689 5 3
Class 0 (2000 - » mg/kQ)

Acetonitrile 2515 5 3

Butylated hydroxyanisole 2853 5 3

N,N-Dimethylformamide 4604 7 1

Quercetin dihydrate >2000 9

Ethylene glycol 6336 9

Totals (n=173) 136 16 21

*Correctly =same as LD50; Over=greater hazard than LD50; Under=lessor hazard than LD50
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8.0 Test Method Data Quality

8.1  Adherence to Good Laboratory Practices (GLP's)

The studies of Bruce (1987) and Yam et al. (1991) were conducted under CFR Part 792 GLP's.
The Bonnyns et al. (1988) study was conducted in Belgium under GLP's of the European
Community (EC).

8.2  Results of Data Quality Audits

The actual QA audit report for the Bruce (1987) study was not available; however, the signed
report regarding the conduct of the study according to GLP's was provided. For the Yam et al.
(1991) study, the laboratory report including all observations, body weights, and pathology were
provided. Individual data sheets for one of the materials were also provided. The QA audit
report was not available, but from the data provided, no serious deviations from GLP's was
noted. QA audits, study reports, and animal data were not available for the Bonnyns et al. (1988)
study or the van den Heuvel et al. (1990) study (the source of TG 401 data for the Bonnyns
study).

8.3 Impact of GLP Deviations and/or Data Audit Non-Compliance

A review of the Bruce (1987) and the Yam et al. (1991) studies did not reveal any discrepancies

that significantly altered the general conclusions of the study reports.
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9.0 Other Scientific Reports And Reviews

9.1 Availability of Additional UDP Data

The only other known toxicity data using the UDP are the unpublished data from the Netherlands
(see Appendix D). These data are quite different in that they utilized birds and the birds were
dosed two at a time. One drawback of this methodology is that large numbers of birds were used

(some sixty animals per study).

Consideration is being given to using the UDP for acute dermal and inhalation toxicity studies
(see U.S. EPA Document 15, Appendix C).

9.2  Other Acute Toxicity Methodology

One other method that is worth mentioning is the method of Weil (1983). In this method, four
groups of three or four animals are dosed using a dose spacing factor of 2 and the LD50 and
slope are calculated using the moving-average method. This is an alternative method to the
UDP. In 1953, Weil et al. showed that groups of three or four animals result in an estimate of
the LD50 that is equivalent to the LD50 determined using groups of ten animals when the dose
spacing factor is 1.26 or 2.0. Thus, with 12 to 16 animals, the LD50, slope, and confidence
interval could be determined in a single study. The moving-average method can accommodate
dose groups that have 0% or 100% kills. To calculate the slope using probit analysis, many more
animals are required. In a comparison of 35 pairs of slopes determined using probit analysis and
the moving average method, the correlation coefficient was 0.85. If the dosing is done in
sequence, three dose levels may be sufficient for the study, which would require only 9 - 12

animals total.

In another study by Weil (1975), the results of 490 probit analyses for acute oral tests were
summarized. For these tests, the median slope was 7.8. Only 8 of 490 had a slope of 2 or less
and more than 50 had a slope of 16 or more, ranging up to a slope of 60. This confirms the fact

that relative few test materials have a slope of 2 or less. It also points out that even for a
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relatively simple one-dose test, the slope of the dose-response curve for various test materials is
quite variable. In evaluating the variability of the slope and the LD50 for the 490 probit
analyses, the uncertainty of the slope in each assay is large as a percentage of the slope itself as
contrasted to a relative low degree of uncertainty of the LD50. Even with this uncertainty, the

slope estimate is critical for risk assessment purposes and probablistic modeling.
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10.0 Animal Welfare Considerations

10.1 Refinement to Address Animal Pain and Suffering

In the Yam et al. (1991) study, the number of toxic signs and deaths in the UDP and TG 401
were compared. The results clearly show that in the UDP, the incidence and severity of pain and
suffering were reduced compared to TG 401. The Revised UDP specifically refers to the OECD
Guidance 19 (Appendix B) on humane endpoints and handling of moribund animals. The use of

this guidance document in the training of technicians is key to the refinement process.
10.2  Reduction in Animal Usage
The 1981 TG 401 utilized 50 or more animals to calculate the LD50, slope, and confidence

interval. The 1987 revision of TG 401 reduced that number to 20 to 30 animals. The UDP and

the Revised UDP are designed to use 6 or 7 animals in the LD50 determination. The utilization

of animals is compared in Table 10.1 for the three validation studies.

Table 10-1  Animal Usage in TG 401 and the UDP

Number of animals

TG 401 UDP
Bruce (1987) 370 68
Bonnyns et al. (1988) 150 40
Yam et al. (1991) 260 75
TOTALS 780 183

The UDP utilized only 23% as many animals as TG 401, yet the estimated LD50s were in good
agreement. The TG 401 data from the van den Heuvel et al. (1990) study included both sexes.

For the LD50 determination, the Revised UDP will use the same number of animals (usually

females) as the UDP.

10-1
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10.3 Replacement of the Acute Oral Toxicity Test

Concern has been expressed about the reliability and usefulness of acute oral toxicity test
(Zbinden and Flury-Roversi, 1981). Recently, for humane reasons, there is increasing interest
and support for the use of in vitro cytotoxicity methods rather than animals. There have been
recent advances in in vitro cytotoxicity methodology, especially through the Multicentre
Evaluation of In Vitro Cytotoxicity (MEIC) Program and through validation studies being
conducted at the Center for Documentation and Evaluation of Alternative Methods to Animal
Experiments (ZEBET). However, in vitro cytotoxicity tests have not yet been validated as a
replacement for acute oral toxicity tests. It is possible that such tests could be used to determine
the starting dose in animal studies. An In Vitro Cytotoxicity Workshop that is sponsored by
ICCVAM has been scheduled for October 17 to 19, 2000 in Crystal City, VA, U.S. to explore

these issues.
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11.0 Other Considerations

11.1 Gender Sensitivity

Several documents regarding sex sensitivity issues have been reviewed (see U.S. EPA Document
14 - Appendix C). Because there are data to suggest that the female is more sensitive in the
majority of instances, the use of females in the Revised UDP will result in a more protective

number in risk assessment action and probabilistic modeling.

11.2 Equipment and Training

The equipment requirements for the Revised UDP are no different than for other acute oral
toxicity studies, with the possible exception for the requirement of a computer. Cages, balances,
analytical equipment as necessary to confirm the identity of the test material, possibly waterbaths
or mixers to dissolve the material, dosing syringes, gavage catheters, and necropsy equipment are
needed. The only special piece of equipment needed for this method is a standard computer that
can run a spread sheet program and a way to run maximum likelihood estimates using an
appropriate statistical program. The stopping rule program may be made available in Excel®
and other standard formats via the OECD or U.S. EPA websites. It could also be written, as

described in the guideline, by the investigator.

Training requirements are essentially the same for other acute oral toxicity tests with emphasis
placed on recognizing animals in a moribund condition and other humane endpoints (see
Appendix B). Technicians must be trained in how to properly calculate, mix and administer test
materials to rats via oral gavage and how to make and record observations in an acute toxicity
study, including the gross necropsy. They should also be able to make decisions on when to

sacrifice a terminally ill animal.
Staff must also be able to use the computer programs. A full description of how to use the

stopping rule, with examples, is in the guideline. The use of the maximum likelihood method for

calculating the LD50 is a standard statistical program and would require someone with
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appropriate experience. Dosing and observations are not different from for any other acute
toxicity protocol. It is important for all acute toxicity studies that the technicians running the
studies be trained in making and recording observations correctly. This is a very important
aspect of the guideline and is a point that is often overlooked. These observations can be very

important.

11.3 Costs Comparisons For TG 401 and UDP Studies

Three commercial toxicology laboratories were contacted regarding costs of conducting TG 401

and TG 425. The comparisons are given below.

Test Laboratory 1 Laboratory 2 Laboratory 3
Range Finding Study $800 $950 $2,900
Limit Test $2,000 $1,650 $2,900
TG 401 (3 dose levels) $5,000 $1,200/level $6,900
UDP $6,900
Primary Test $2,000 $3,300
Limit Test $2,000 $1,650
Supplemental $800/run $300/animal

For Laboratory 1 — The cost for the 401 study is $5,000. For UDP, the cost would be $2,000 for
the primary study plus $3,200 (four runs) for the Supplemental Study for atotal of $5,200. Thus,
the costs are essentially equal.

For Laboratory 2 — The cost for the 401 study is $950 plus $3,600 for three levels for atotal of
$4,550. For UDP, the primary test is $3,300 plus $2,400 (four runs with 2 animals each) for a
total of $5,700. Thus, the 425 cost slightly more.

For Laboratory 3 — The cost of the 401 study and the UDP study (Primary and Supplemental) are
the same.

Overal, the cost of the UDP study is essentially the same as for the TG 401 study.
114 Time Comparisonsfor Conducting TG 401 and UDP Studies
Because of the sequentia nature of the UDP, the time to conduct the UDP will require

approximately two weeks longer than required for the TG 401. Thisis because all animalsin
each UDP run are dosed sequentially at 48 hr intervals and the primary test is completed prior to
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the start of the supplemental test. In terms of technician time, there is very little difference
between the two tests as suggested in the cost analysis above.
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12.0 Supporting Materials

Supporting materials are provided in the appendices of this document.
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140 APPENDICES

The appendices are listed on page vii and the supporting documents have been placed under

Tabs A through E.
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APPENDIX A

OECD Guideline 401 - Acute Oral Toxicity Test
OECD Guideline 420 - The Fixed-Dose Procedure
OECD Guideline 423 - The Acute Toxic Class Method

OECD Guideline 425 - The Up-and-Down Procedure

These Guidelines are priced publications and can be ordered electronically at the
following site:
http://www.oecd.org//ehs/test/testlist.htm
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APPENDIX B
Guidance Document on the Recognition,
Assessment and Use of Clinical Signs as
Humane Endpoints for Experimental Animals

used in Safety Evaluation

This document is available for download at the following link:

http://www.oecd.org//ehs/test/monol19.pdf
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OECD Environmental Health and Safety Publications

Series on Testing and Assessment - Document No. 19

Revised Draft Guidance Document on the Recognition, Assessment and Use of Clinical

Signs as Humane Endpoints for Experimental Animals Used in Safety Evaluation

About the OECD

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental
organisation in which representatives of 29 industrialised countries in North America, Europe
and the Pacific, as well as the European Commission, meet to co-ordinate and harmonise
policies, discuss issues of mutual concern, and work together to respond to international
problems. Most of the OECD’s work is carried out by more than 200 specialised Committees and
subsidiary groups composed of Member country delegates. Observers from several countries
with special status at the OECD, and from interested international organisations, attend many of
the OECD’s Workshops and other meetings. Committees and subsidiary groups are served by the
OECD Secretariat, located in Paris, France, which is organised into Directorates and Divisions.
The work of the OECD related to chemical safety is carried out in the Environmental Health
and Safety Programme. As part of its work on chemical testing, the OECD has issued several
Council Decisions and Recommendations (the former legally binding on Member countries), as
well as numerous Guidance Documents and technical reports. The best known of these
publications, the OECD Test Guidelines, is a collection of methods used to assess the hazards
of chemicals and of chemical preparations such as pesticides and pharmaceuticals. These
methods cover tests for physical and chemical properties, effects on human health and wildlife,
and accumulation and degradation in the environment. The OECD Test Guidelines are
recognised world-wide as the standard reference tool for chemical testing. More information
about the Environmental Health and Safety Programme and its publications (including the Test
Guidelines) is available on the OECD’s World Wide Web site (see page 8). The Environmental
Health and Safety Programme co-operates closely with other international organisations. This
document was produced within the framework of the Inter-Organisation Programme for the

Sound Management of Chemicals (IOMC). The Inter-Organization Programme for the
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Sound Management of Chemicals (IOMC) was established in 1995 by UNEP, ILO, FAO,
WHO, UNIDO and the OECD (the Participating Organisations), following
recommendations made by the 1992 UN Conference on Environment and Development to
strengthen co-operation and increase international co-ordination in the field of chemical
safety. UNITAR joined the IOMC in 1997 to become the seventh Participating
Organisation. The purpose of the IOMC is to promote co-ordination of the policies and
activities pursued by the Participating Organisations, jointly or separately, to achieve the

sound management of chemicals in relation to human health and the environment.
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HISTORY OF THE DOCUMENT

In 1994, an ad hoc Working Group was formed to develop an OECD Guidance Document that
would provide guidance on when laboratory animals used in toxicity testing studies should be
euthanized for humane reasons. Current OECD Test Guidelines generally state that animals that
are moribund or obviously in pain and showing signs of severe and enduring distress should be
humanely killed. The objective of the Guidance Document is to provide useful guidance and
criteria for determining when an animal is in a moribund condition, or expected to become
moribund, or experiencing significant pain and distress, and should therefore be euthanized. The
members of the initial Working Group were: Dr. Marga Bos-Kuijpers (TNO Nutrition and Food
Research Institute, The Netherlands); Prof. David B. Morton (Centre for Biomedical Ethics,
University of Birmingham, UK); Dr. Eva Schlede (BgVV Federal Institute for Health Protection
of Consumers and Veterinary Medicine, Germany); Dr. William S. Stokes (Associate Director,
Animals and Alternatives, NIEHS, USA)

The Working Group met on 14th February 1995 to discuss criteria and other guidance for
defining pain/suffering of animals used in toxicity testing with the aim of harmonising the
decision-making process as to how and when to humanely kill suffering animals in toxicity
studies. The group used its discussion of a background document drafted by Prof. Morton which
laid the groundwork for this OECD Guidance Document. The Guidance document was next
circulated to the National Co-ordinators and National Experts of the Test Guidelines Programme

for review on 2nd October, 1998.

On 19th -20th November 1998, a Nominated Expert meeting was held in Zeist, The Netherlands,
to critique and redraft a guidance document taking into account comments received from
member countries. A list of participants is attached to this document as Annex 1. The following

represents the consensus of the nominated experts.
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PREAMBLE

The purpose of this Guidance Document is to apply the principles of the Three Rs to the use of
animals in regulatory toxicity tests. The OECD encourages the humane use of animals in
regulatory toxicity and safety evaluation studies and fully endorses the principles if the 3Rs,

Replacement, Reduction, Refinement, which were defined by Russell and Burch (1) as:

Replacement — “the substitution for conscious living higher animals of insentient

material.”

Reduction — “reduction of animals used to obtain information of given amount and

precision.”

Refinement — “any decrease in the incidence or severity of inhumane procedures to those

animals which still have to be used.”

This document specifically addresses Refinement.

This guidance is based on best current knowledge available from Member Countries” experts,
through personal contacts with investigators, peer-reviewed literature, and presentations at
meetings and symposia, and is intended to be flexible so that it can change with improved
knowledge in the future. It is expected that with increasing knowledge and experience,
investigators in animal research will be able to identify more specific, early humane endpoints in
the form of clinical signs for impending death or severe pain and distress. This would permit

international harmonisation of these humane endpoints.

This guidance document addresses the principles of humane experimentation that are applicable
to all animal toxicology studies. It is generally accepted that there are differences among species
in many sign of pain or distress. Variables due to the type of toxicity study being performed, the

types of materials being tested, and the species and strain of animal involved are not addressed in
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detail. The general principles contained herein are applicable for all animals used in toxicity

testing studies.

DEFINITIONS, EXPLANATIONS AND EXAMPLES OF RELEVANT
TERMINOLOGY

Humane Endpoint:

A humane endpoint can be defined as the earliest indicator in an animal experiment of
impending death, severe pain, severe distress, or suffering, or impending death. These adverse
conditions, once identified, should be minimised or eliminated, either by humanely killing the
animal or by termination of exposure and possible therapy, thus allowing the animal to recover,
or to be humanely Killed if the scientific objective has been achieved. Humane endpoints should
be described when an experiment is being planned, and be incorporated into the experimental

protocol and all related standard operating procedures (SOPS).

Death:

Predictable Death: presence of clinical signs indicative of death before the planned end of the

experiment; for example: inability to reach water or food.

Impending Death: when moribund state or death is expected prior to the next planned time
of observation. Signs indicative of this state in rodents could include convulsions,
recumbency, and tremor.

Moribund: being in state of dying or inability to survive, even if treated.

Pain:

An unpleasant sensory and emotional experience associated with actual or potential tissue

damage or described in terms of such damage (2).
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Pain can be:

Acute nociceptive pain: pain response evoked by a brief noxious stimulus which produces
no tissue damage. This form of pain is not regarded as severe.

Example: pedal reflex

Persistent (chronic) inflammatory pain: the pain resulting from tissue damage lasting for
the duration of the damage trauma or the ensuing inflammatory process, and may persist
after the local tissue damage has healed. This type of pain may be severe or distressing,
particularly if long lasting or permanent.

Example: Self Mutilation, infection

Neuropathic pain: pain as a result of compromised function or abnormal activation of the
peripheral or central nervous system (2). Neuropathic pain is always considered as severe and
distressing pain.

Example: the presence of a large internal tumour that compresses nerves.

Obijective signs of pain can include vocalisation, infection, aversion or avoidance by active
withdrawal from stimuli, guarding affected body parts, or self mutilation. Reduced food intake

may be a sign of chronic pain.

Distress:

An aversive state resulting from maladaption or inability to adapt to stressors. Stressors are
physical or behavioural alterations of the immediate environment. Acute stress is not regarded as
a cause of distress; it may be necessary to optimise vigilance and to reduce the risk of boredom
(3). Distress is usually associated with a change in motility or locomotion, and can result in
stereotype behaviour. The major stressors associated with distress are situations that may give
rise to marked pain, fear, or anxiety. Retreat to the corner of the cage or excessive struggling or

vocalizing are examples of distress in anticipation of an experimental procedure.
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Suffering:

A negative emotional state that in human beings is produced by persistent pain and /or distress. It
should be assumed that persistent pain or distress in animals leads to suffering of animals in the
absence of evidence to the contrary. If something is known to cause suffering in humans, it

should be assumed to cause suffering in animals.

Expert Professional Judgement:

All decisions related to the application of humane endpoints should be made by the Study
Director, or designated responsible person, after consultation with the team of experts, which
includes the Principal Investigator (if different from the Study Director), the veterinarian, an
experienced animal technician. This team of experts will consult available guidance and this
guidance document, and exercise its professional judgement. The study protocol should clearly

define the conditions under which it is necessary to immediately and humanely kill an animal.

The goal of the experimenter should be to use humane endpoints to minimise pain, distress, or

suffering to the extent possible without compromising the scientific objectives of the experiment.
GUIDING PRINCIPLES

In recognition of the fact that there is strong scientific evidence that pain, distress, and suffering

(for definitions, see Section I11) can exist in experimental animals as in humans, the guiding

principles are that:

There is strong scientific evidence that pain and distress are present in animals in comparable

situations as they occur in humans (4)(5).
The successful application of humane endpoints is dependent on the involvement of all

members of the study team who should be adequately trained to be aware of their individual

roles and responsibilities, e.g.,
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the Study Director or designated responsible person (design, protocol development, study

monitoring, interpretation of results)

veterinarian (advise on interpretation of clinical signs)

animal caretaker/technician (observation, action, husbandry, care)

Studies must be designed to minimise any pain, distress or suffering experienced by the

animals, consistent with the scientific objective of the study.

Studies should be terminated as soon as the objectives of the study have been satisfied.

The earliest possible endpoints as indicators of distress, severe pain, or impending death that
should be used as an indication for humane killing should be determined prior to the animals’
reaching a moribund state (6).

Severe pain, suffering, or death are to be avoided as endpoints.

Studies should build on existing knowledge about the substance to be tested. This enables
better prediction of the likely signs and timing of adverse effects, and allows those

conducting the study to plan appropriate responses.

Study Directors, and other responsible individuals involved in studies should be free to

exercise professional judgement in their design and conduct.

All aspects of animal studies should be subject to an ethical review process as defined by

animal welfare legislation and the ethical oversight groups of the testing organization.
Conditions under which interventions should be made to alleviate pain and distress (which

might include humane killing), and individuals who are adequately trained and authorized to

kill the animals, should be defined in the protocol or the SOP.
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This document describes procedures that can be put in place to minimise test animal pain,
distress, and suffering during regulatory toxicity testing. The considerations and
recommendations presented here are applicable to all laboratory animal studies.
INITIAL CONSIDERATIONS

In order to meet the intended objectives while minimising pain, distress, and suffering, it is
essential to collect as much information as possible about the substance to be tested prior to
designing the toxicity study.
Possible sources of information include:

literature searches for previous studies using the test substance or related substances

results from physico-chemical tests

molecular modelling

results from in vitro tests

results from prior in vivo tests (e.g., efficacy tests; earlier toxicity tests; dose-ranging studies;

pilot studies)

statistical review of the available data and the experimental design to identify the fewest
number of animals and doses that can be used without compromising the objectives of the
study.

This will help to:

define the objectives of the test, and the information that will be obtained from it
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determine whether the results which would be generated from the study would duplicate

previous work

select the most appropriate species for the study

determine how best to design the protocol to satisfy the objectives

identify potential clinical signs and estimate the timing and duration of their occurrences

determine any special training needed by personnel involved in the conduct of the study

Preliminary/Pilot Studies

Preliminary or range-finding studies are often used to determine the appropriate dose-range to
use in an experiment in the absence of other information about the test substance. The dose-range
study should also be used to obtain data (using clinical, biochemical, or other parameters) that
can provide information useful to the identification of earlier endpoints as indicators of severe
pain or distress which could be used in the decision to either complete the study or terminate the
study before the animals experience severe pain or suffering (6). If a dose-ranging study is not
needed and there is no information relevant to the determination of early endpoints as indicators
of pain or distress, a separate pilot study may have to be performed to identify the earliest
decision points for successful completion of an experiment or to determine criteria for the
humane killing of the animals on study. If a pilot study is performed, it should use only the
minimal number of animals consistent with the objectives of the study. The information collected
during range-finding or pilot studies should be used to prepare or alert the study team for the

actions or activities that may be needed.
Training

The Principal Investigator and the responsible committees (e.g., animal care and use; ethics

committee) have the obligation for assuring that all individuals involved in the a study have the
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expertise and training necessary for them to fulfil their roles. The individuals accountable must
be experienced in observation of animals so as to be able to assess the physiology, behaviour,
and appearance of the animals under study, and to determine if the animals are, or will be,
experiencing pain or suffering. One measure of the expertise and training is a determination of

whether the investigator has:

identified and included in the protocol the earliest possible endpoint(s) for recognising
impending death, severe pain, or severe distress consistent with satisfying the data needs of

the study

assured that the animals under test will not be subjected to conditions where unjustified and

unalleviated pain and suffering are allowed to proceed

To address these points, a sample list of questions for both the Principal Investigator and the

animal care and use or ethics committee are attached as Annex 2.

RECOGNITION AND ASSESSMENT OF PAIN, DISTRESS, AND
SUFFERING

In order to recognise clinical signs of pain and distress, it is imperative that the observer is
familiar with the normal and abnormal characteristics of each of the species used in a study. This
is particularly important because some species may not show obvious behavioural changes even
when in severe pain and/or distress. As discussed earlier in this document, because pain and
distress are known to produce suffering in humans, it should be assumed that they would also

produce suffering in animals.

An animal’s response to a test substance results from the interaction of the substance with its
organs, tissues and cells. Those interactions may produce adverse effects, i.e., toxicity, that are
expressed as clinical signs and physiological changes. Awareness of these potential clinical signs
and conditions, and the ability to identify them (7), increases the likelihood of their accurate and

timely detection.
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In animal toxicity studies, such information can provide valuable insights into the mechanisms of
toxicity, and can serve as the basis for identifying appropriate humane endpoints. Thus, for both
scientific and animal welfare reasons, recognition and assessment of clinical signs and abnormal

conditions is essential for all toxicology studies involving animals.

AN APPROACH TO DETECTING CLINICAL SIGNS AND ABNORMAL
CONDITIONS

Careful and regular observation of test animals is essential for the detection of clinical signs and
abnormal conditions. Findings of abnormal conditions must be accurately documented, including
onset, duration, and severity. Such documentation provides the basis for determining the
presence and severity of pain and distress. This documentation also provides the basis for
identifying signs and conditions that might be used as earlier endpoints for a study, as proposed
by Morton (7; 8) and described in Table 1 of this document. Such observations and
measurements can also be important indicators of the condition of the animal, and used to
determine if the condition of the animal is irreversible and therefore an indication of impending
death. In addition, postmortem examination can be helpful to relate to postmortem findings to

previous clinical signs.

There are several considerations in determining humane endpoints for toxicity studies. They all
require frequent objective determinations of any deviations from an animals “normal state”,
followed by a correlation of these changes with the possibility and severity of pain, distress,

and/or discomfort (9) (see Annex 3). These considerations include:

Making appropriate clinical observations of the animals to detect abnormal signs and

conditions (behaviour, physiology, etc.), and other indicators of welfare problems;

Determining when such observations are indicators of pain and distress, and determining the

pain and distress are severe;
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Determining, when abnormal conditions that are not necessarily considered to be indicative
of severe pain and/or distress, are indicative of an irreversible condition likely to lead to
further deterioration (e.g. moribund condition; impending death).
In any of the above situations, the Study Director must make a determination as to whether
further information useful for the purposes of the study is likely to be obtained. If not, then a
decision should be made to humanely kill the animal, or to terminate the use of the animal for the

study and provide appropriate treatment and care.

There are a number of effects involved in the adequate evaluation of an animal to determine its

condition and whether there might be evidence indicative of pain and or distress (9):

Changes in external physical appearance

Changes in clinical signs

Changes in unprovoked behaviour;

Behavioural changes in response to external stimuli;

Changes in body weight, and related changes in food and water consumption;

Changes in measurable clinical parameters( e.g., body temperature, heart rate, respiratory

rate)
Changes in external physical appearance and other clinical signs:
A list of commonly observed clinical signs and conditions is provided as Annex 3. This list does
not encompass all of the possible observations that might be made. Each study could have a

standard list of clinical signs readily available that might be observed for that particular type of

study, and that are appropriate for the species used. Animals should be examined regularly by
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experienced staff for clinical examinations and should be removed from their cages at least once
weekly for weighing and detailed clinical examination. The frequency of such

examinations will depend on the species, whether any previous abnormalities have been
observed, the timing and nature of the anticipated toxic effects, and the objectives of the study.
For instance, an examination should be performed at least weekly for rodent species, and at least
daily if abnormal clinical signs have been detected. Any previously detected lesion or
abnormality should be carefully assessed, and all findings documented with regard to time of

onset and severity. It is usually convenient to weigh animals at the time of clinical examination.

Behavioural signs:

Although animals should preferably be observed during their natural, active period, without
undue disturbance of the primary cage of pen, this practice is not always feasible. Because rats
and mice are nocturnal, and tend to sleep during the day, observation of normal sleeping patterns
may be indicative of the absence of pain or discomfort. The animals' appearance, posture,
grooming patterns, and activity levels should be noted, and a determination made about whether
the behaviour is normal or abnormal. If any abnormality is noted, then it may be appropriate to
assess the animal’s response to an external stimulus, for example, checking the responsiveness of

an animal that is recumbent and immobile.

Body weight changes:

Significant body weight loss may be one of the most sensitive indicators that an animal’s
condition is deteriorating. Body weight loss is usually accompanied by a change in food and
water consumption, which should also be closely monitored by animal care staff. In young
animals that have not reached their adult body weight, an abnormal condition may be indicated
by a reduced rate of weight gain when compared to the appropriately matched control animal,

rather than an actual weight loss.
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Measurable clinical parameters:

BODY TEMPERATURE: Hypothermia and hyperthermia can serve as important indicators
of a deteriorating clinical condition of an animal. Previous studies have documented that
hypothermia of 10% of normal in rodent temperature may be predictive of impending death
(10)(11). Thus, consideration should be given to the monitoring of body temperature and the
evaluation of specific temperature decreases that could serve as appropriate endpoints for
humane killing of an animal. Telemetric devices and electronic implantable transponders (10)
which can also uniquely identify an animal are available and can facilitate efficient
temperature monitoring without handling of the animal (6)(12). Hypo- and hyperthermia that
may be transient effects of the test chemical should be distinguished from these effects when

they result from a deteriorating clinical condition.

Treatment-related, significant changes in HEART RATE and RESPIRATION RATE can
also be indicative of pain and distress in animals, and consideration should be given to the

use of these and other physiological parameters in monitoring animals.

CLINICAL CHEMISTRY AND HEMATOLOGY: Various clinical chemistry, urinary, and
hematological parameters can provide an indication of an animal’s condition (6).
Consideration should be given to collecting and monitoring parameters that may be useful in
assessing an animal’s well-being. For instance, such parameters can be used to detect and
characterise the severity of various conditions, such as organ (e.g., renal, hepatic)

dysfunction and/or failure, anaemia, leukaemia, and dehydration.

Recording an Animal’s Condition

Observational “checklists” can be used for recording the animal’s condition in a study (68), and
can serve as the objective basis for decisions on humane endpoints for an animal. The clinical
sign should be reduced to an observation that can be recorded as present or absent to minimise
observer error. One advantage of a checklist is that specific observations that are likely to occur,

or considered critical to the study, are not overlooked and are unambigously recorded. The use of
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checklists may also assist in improving observational skills and staff training. However, it is
important to recognise that such checklists will usually not cover all possible conditions, and
thus should be designed so that other observations can be added by the observer. Computerised
software programs are available that facilitate the documentation of clinical parameters, and can

be linked to electronic identification transponders (6)(12) and electronic weighing scales.

Frequency of Observation

After dosing, animals are observed individually at least once during the first 30 minutes,
periodically during the first 24 hours, with special attention given to the first 4 hours. Thereafter,
observations should be made at least daily on all animals (13), and should include, at a
minimum, determination of a normal or abnormal status and the severity of any clinical signs.
An increased frequency of detailed observations should be required for animals in toxicity
studies following the onset of initial abnormal clinical signs. It is important to document when
the signs occur in order to be aware of the duration of continuing and persistent effects. The
combination of type of sign and its duration become important when assessing severity. The
notational sum of all signs and their duration could be envisaged as the total pain and distress

endured by the animal, or the severity and intensity of pain and distress at that point in time.

MAKING AN INFORMED DECISION TO HUMANELY KILL ANIMALS

Impending Death and Moribund Condition as Criteria for Humane Killing

Animals that are moribund or in a state of impending death should be humanely killed to avoid

unnecessary pain or distress that they may be experiencing.

Impending death and/or moribund condition in laboratory animals can be indicated by various
clinical signs and objective measurements (14)(15)(16)(17) (Table 1). Following adequate
evaluation, a lesser degree of severity of these signs and measurements may also be useful
indicators for predicting death, as previously defined. These signs and conditions typically

include one or more of the following:
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prolonged, impaired ambulation preventing the animal from reaching food or water, or

prolonged anorexia

excessive weight loss and/or extreme emaciation and/or severe dehydration

significant blood loss

evidence to suggest irreversible organ failure

prolonged absence of voluntary responses to external stimuli

persistent, difficult laboured breathing

prolonged inability to remain upright

persistent convulsions

self-mutilation

prolonged diarrhoea

significant and sustained decrease in body temperature

substantial solid tumors

other treatment-related effects judged to be indicative of impending death

Animal care staff must be adequately trained for each type of toxicity study to differentiate

between clinical signs indicative of a moribund condition and similar, clinical signs that may be

transient effects from acute dosing procedures.
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Severe Pain And Distress As Criteria For Humane Killing

Information on the general signs of pain and/or distress for the various laboratory animal species

used in toxicology studies are readily available (4)(18)(19)(20). The following clinical signs may

indicate that an animal is experiencing significant pain and distress. Pain and distress should be

alleviated with appropriate treatment or consideration should be given to humane killing of the

animal if there is:

abnormal vocalisation

abnormal aggressiveness

abnormal posture

abnormal reaction to handling

abnormal movements

self-induced trauma

open wounds or skin ulceration

difficulties in respiration

corneal ulceration (the cornea is very sensitive to pain, and according to some, stages that

precede ulceration are painful, but not the ulceration itself)

bone fractures

reluctance to move
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abnormal external appearance

rapid weight loss or emaciation or severe dehydration

significant bleeding

or any other factor that suggests that the animal may be in pain or distress.

A list of severe signs and conditions that are indicators that the well-being of an experimental
animal may be compromised is provided as Table 1 and Annex 4. The Annex is designed for
display in animal rooms and facilities as a guide to alert staff to signs that require discussion
and/or action. Emphasis is on recognition of situations where, for humane reasons, the
experimental animal should be humanely killed or treated, or the study discontinued. The
decision to humanely kill the animal must be made with appropriate clinical judgement, taking
into account the severity of the condition, the amount of pain or distress, the prognosis, and the
potential loss of valuable data. Ideally, maximum achievable information should be obtained
from every animal used, while limiting pain and distress to an absolute minimum. The concept of
humaneness focuses on using clinical signs indicative of significant reduction in the well-being

of the experimental subject as the basis for humane killing of the subject.

Animal tests require a team approach, and a collaboration of the veterinary and animal care team
with the scientific staff and those responsible for ethical review. Study Directors should work
with, and co-ordinate staff to establish: the time and frequency of observations; how and when
invasive measurements (e.g., blood sampling) are to be made; standard operating procedures
(SOPs) for checking and assessment; and standardised documentation and reporting of clinical
signs. Considerations should include when animals are to be checked, taking into account such
factors as predicted times that toxicity may occur. Written procedures should also describe what

actions are to be taken by whom, and at what time.
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The animal technician will generally be the first to observe the clinical signs and there should be
a mechanism to bring this information to the attention of the attending veterinarian and the
designated responsible person, usually the Study Director. Delegation of responsibility should be
considered, as appropriate, to ensure that humane endpoints can be implemented, as previously
agreed, by trained individuals. Regardless of who has the responsibility for terminating an
animal or a study, it is important that there be a means of reaching a responsible individual at all
times (including evenings, weekends, and holidays). This individual must have the authority to
make the decision to humanely kill the animal(s) based on personal observation or reports from
the animals care team. Humane methods of killing must be used and those killing the animals
must be trained to do so and competent. Experiments should not be allowed to proceed longer

than is necessary to achieve the purpose of the study (21).

METHODS FOR HUMANE KILLING

The reader is referred to several well prepared documents. These including those prepared by the
Canadian Council on Animal Care (9). UFAW (Universities Federation for Animal Welfare)
(1987) Handbook on the Care and Management of Laboratory Animals (22), and the American
Veterinary Medical Association (AVMA) (24).

GUIDANCE ON THE HUMANE CONDUCT OF SPECIFIC TYPES OF SAFETY
TESTING

Toxicity studies are conducted for safety assessment, and to determine the possible adverse
effects of a test substance. At times the adverse effects of the test substance may unavoidably
cause the test animals pain and/or suffering. This document provides guidance towards
minimising pain and distress to the extent possible without jeopardising the purposes of these
studies. This section provides additional guidance for specific types of tests. However, the
guiding principles and considerations previously discussed should be followed for all types of

toxicity studies.
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Acute Single Dose Studies

All available information should be considered before animal studies are planned. This should
include, but not be limited to, the results of in vitro tests, structure-activity relationships, and
information on toxicity gained from any previous animal exposures to the test material or related
substance. A pilot or sighting study is recommended when it is not possible to predict reliably
the dose(s) of a substance that will likely cause adverse effects. Dosing animals sequentially may

prevent exposure of more animals than necessary to the toxic effects of the substance under test.

Multiple observations of the animals should be made during the first few hours after dosing in
initial single-dose studies. Critical clinical signs that require an informed decision on whether or
not to humanely kill an animal for humane reasons shortly after dosing would include:
convulsions, gasping, cyanosis, vocalisation, a conscious animal unable to move, or signs of
similar significance to the animal’s immediate well-being. If the animal is not conscious, it is
assumed there is no pain and distress and in that case it is appropriate to observe the animal to
determine if it will recover. All clinical signs must also be evaluated for severity and

consideration should be given to whether and how rapidly the animal is recovering.

OECD Test Guidelines do not strictly require death as an endpoint. However, animals humanely

Killed during the test will be regarded as dosage-dependent deaths.

Three alternative test methods (Guidelines 420, 423 and 425) to the traditional acute oral toxicity
test have been adopted by the OECD. One of these, the Fixed Dose Procedure (Guideline 420), is
a refinement of the traditional acute oral test in that it requires fewer, but fixed, dosage groups to
be tested, and thus fewer animals. It also employs non-lethal endpoints to determine the toxicity
of the test substance. Two other methods, the Acute Toxic Class method (Guideline 423) and the
up-and-down Procedure (Guideline 425), use impending death as the only endpoint. These tests
provide similar information as the traditional test, but require fewer animals. They similarly
recommend sacrificing animals that are moribund or obviously in pain and showing signs of

severe and enduring distress.
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If there is prior information that the test material may be highly toxic, there should be strong
scientific justification for further animal testing, and a step-wise testing procedure using
individual animals should be followed. Acute oral toxicity testing should not be done to confirm
that a material is highly toxic if this judgement can be made based on other information. Table 1
provides a summary of the types of clinical signs that were observed most frequently in the

international validation study of the Acute Toxic Class Method.

Ocular Irritation Studies

All guidance provided for acute studies should be followed. As with other types of studies, all
information available should be considered before animal studies are conducted. For ocular
studies this should include, but not be limited to, results of in vitro tests, structure-activity
relationships, pH <2 or >11.5, acute dermal toxicity, dermal irritation/corrosion studies and
information on toxicity gained from any previous animal exposures to the test substance or
related substances. Ocular irritation studies should not be done to confirm that a material is
severely irritating if this conclusion can be made based on other information. It is recognised that
this provides only general guidance and do not predict irritation for all types of materials. In
particular, dermal irritation may not predict eye irritation. The pH of the test sample should also
be considered in conjunction with other information such as alkaline or acid reserve and
osmolarity. Both of these factors have been recognised by regulatory agencies and others to
mitigate pH effects (1825)(1926)(2027)(2128). If available information strongly suggests the
material may be a severe irritant, there should be strong scientific justification for animal testing,
and a step-wise testing procedure using individual animals should be followed. If a pronounced
response is produced in one animal, the substance should be classified as a severe irritant with no

further testing.

Critical clinical signs that require an informed decision on whether or not to humanely kill an
animal shortly after dosing are those listed above for all acute studies (Table 1). For eye irritation
endpoints, if no ocular lesions have developed after seven days on test, the animals can be

humanely killed because further evaluation is not required. Local anaesthetics should be
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considered for use wherever possible (18) keeping in mind they may also affect the extent of

irritation by compromising clearing of substances by the normal blink and tearing reflexes.

Systemic Repeated-Dose Studies

The guiding principles and considerations previously discussed should be followed for systemic,
repeat-dose toxicity studies. All available data from acute studies should be used in the design of
the study so as to determine the earliest endpoints that will not jeopardise the scientific integrity

of the data but will minimise pain and suffering.

In studies involving repeated dosing, when an animal shows clinical signs that are progressive,
leading to further deterioration in condition, an informed decision, which may include a
veterinary medical opinion, as to whether or not to humanely kill the animal should be made.
The decision should include consideration as to the value of the information to be gained from
the continued maintenance of that animal on study relative to its overall condition. If a decision

is made to leave the animal on test, the frequency of observations should be increased, as needed.

Reproductive Toxicity Studies
Carefully follow the general guiding principles as described for acute and systemic toxicity
studies. Offspring with abnormalities that could affect their quality of life should not be used for

subsequent pairings.

Sensitisation Studies

All general guiding principles, as described above, should be followed. In testing for immune-
mediated reactivity, animals are typically challenged after preparative immunisation. If

anaphylactic responses are observed in more than one animal, additional animals should not be

challenged at that dose.
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Chronic Toxicity and Carcinogenicity Studies

Apart from possible treatment-related effects, in chronic experiments, a considerable number of
animals will develop spontaneous disease and other pathologies. In full life-span experiments, in
the absence of lethal treatment-related effects, all animals will eventually die of spontaneous
disease (see many general and species/strain specific references). Animal care should also be
directed toward reducing the discomfort caused by these spontaneous conditions. The extent of
this intervention will depend on the specific nature of the experiment. In practice, in rodent
studies veterinary intervention is restricted to routine animal care (e.g., cutting of overgrown
incisors). In most instances timely sacrifice is the only means of terminating the pain and distress
when chemical analgesia cannot be used. As is currently the situation in non-rodent studies (e.qg.,
dogs; primates), the veterinarian may need to provide a higher level of intervention for routine

treatment of individual animals.

In general, if the degree of pain and distress is unacceptable, if the prospect of recovery is poor,
or if the condition is likely to interfere with the experiment, an informed decision as to whether
or not to humanely kill the animal should be made. Should a severe health disorder develop in a
group of animals, termination of the experiment or the affected dose group(s) should be

considered.

A sensitive, objective sign of health problems and of pain and distress is the body weight of
individual animals. Weight loss may point to wasting diseases (cancer, chronic renal disease,
etc.), pain and distress, or inability to eat (incisor overgrowth for instance). It is therefore
recommended that the animal be weighed at least weekly (rodent studies). The body weight must
be compared not only with the weight of the previous week, but also with the highest weight
known for that animal in order to detect chronic wasting. Additional considerations are the
general appearance of the animal and the presence of any conditions that might cause weight

gain, such as large tumours.
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Table 1: Summary of clinical signs observed in rats during the validation studies of the
Acute Toxic Class Method*

Clinical sign Number Dead/Moribund %
of rats®¥ rats @

Convulsion,

- unspecified 43 43 100
- clonic 218 207 95
- tonic 96 79 82
- tonic-clonic 125 122 98
- saltatory 10 10 100
Lateral Position 223 177 79
Tremor 389 296 76
Gasping 143 108 76
Vocalisation 97 79 81

* from E. Schlede, I. Gerner, and W. Diener. The use of humane endpoints in acute oral toxicity
testing. Presented at the 3" World Congress on Alternatives and Animal Use in the Life
Sciences, Bologna, Italy, August 1999.

(1) Number of animals showing the observation out of the total number of 3942.

(2) Dead animals: last clinical signs before found dead; Moribund animals: last clinical signs
before sacrifice.
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ANNEX 2
QUESTIONS TO DETERMINE WHETHER EARLIEST POSSIBLE ENDPOINTS
HAVE BEEN SOUGHT

(From: CCAC Guidelines on choosing an appropriate endpoint in experiments using animals for
research, teaching, and testing (7)).

what are the scientific justifications for using the proposed endpoint?
have all existing relevant data been evaluated?

what is the expected time course for the animals from the initial treatment to first signs of
pain and/or distress, to the death of the animal?

when are the effects to the animal expected to be the most severe?

if the course of adverse effects cannot be determined prior to the start of the study, could they
be developed through the conduct of a pilot study with appropriate observations by the
animal care and veterinary staff?

have a list of observations on which the endpoint will be based been developed?

who will monitor the animal and maintain records of observations?

has a chain for reporting observation findings been established?

what will be the frequency of observations during the course of the study and during those
times predicted to be critical for the animals?

do the investigators, veterinary care, and animals care staffs have the training and experience
necessary to perform the observations necessary to effectively and efficiently monitor the
animals?

what steps have been implemented to attend to animals which demonstrate severe signs and
symptoms?
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ANNEX 3
CLINICAL SIGNS AND CONDITIONS INDICATING THE NEED FOR CLOSER
OBSERVATION, TREATMENT, OR HUMANE KILLING

The following is a list of common conditions and clinical signs that may be indicative that an
animal is experiencing pain and/or distress. The list is primarily based on observations in rats and
mice, but many of the signs also apply to other amammals used in toxicity testing. When one or
more signs or conditions are observed, these should be documented in a written record with the
dates of initial and subsequent observations and all treatments. If the animal is not humanely
Killed, a more detailed examination of the animal should be performed, the frequency of
observation should be appropriately increased, and the cage or pen should be clearly marked, and
the details noted in the records of the experiment. This list is not all-encompassing for every
possibility that may occur, and animal care facilities should add other clinical signs and
conditions that may be appropriate for specific studies.

Abortion:
May be detected by fetal remains on bedding, blood on bedding, decrease in abdominal size.

Agalactia:

May be observed by no milk in stomachs of nursing rodents, or failure to express milk from the
mammary gland. Young will die, and if not cross-fostered or provided with supplemental
nutrition or milk, should be humanely killed.

Anaemia:

Indicates a loss of blood (through faeces, urine, reproductive tract) or poor red blood cell
replenishment, to the extent that it produces clinical signs of laboured or decelerated breathing.
(also discernible as pale membranes, pale ears and feet, dyspnea, hyperventilation).

Analgesia:
see Reflexes

Anuria:
No urine flow (anuria) do to renal failure (it may be reduced oligouria) but worth checking for
urine retention (see below).

Apathy:
see Immobile/Inactive

Ataxia/incoordination/staggering/unbalanced:
Due to neuromuscular co-ordination, weakness (check body weight), or post seizure recovery
period. Observe carefully and continue to check body weight.

Bleeding from any orifice:

see Anaemia. Some internal haemorrhaging may be detectable as blood escapes from natural
orifices. The seriousness will depend on the amount and frequency of the bleeding (g.v.
anaemia).
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Blepharospasm:

see Eyelid closure. The cause is usually some damage to the eye and this should be investigated
further. If incidental to the study (particularly when only one eye is affected) then veterinary
advice should be sought and the animal may be treated or withdrawn from the study.

Blood in faeces or urine:
See anaemia.

Blood around nose and eyes :

In rodents, it is necessary to differentiate between blood and porphyrin secretion. It is often a
stress-related condition in rodents, the secretions are not being removed by grooming. If it is
blood, the presence in only one nostril may be a result of physical injury.

Boarded abdomen:

May be detected by holding a small animal up to ear and squeezing abdomen gently. If breathing
stops then this is indicative of abdominal pain Causes may be peritonitis due to leakage of gut
contents into the abdomen, or an inflamed abdominal organ, which are extremely painful.

Body temperature, abnormal:

Any alteration in body temperature could be accompanied by a lowered activity level.
Hypothermia of more than 10% from normal temperature may be associated with impending
death.

Body weight loss or emaciation:

Particularly when bodyweight has decreased by more than 20% compared to control animals, or
bodyweight has decreased by more than 25% over a period of seven days or more. Usually
accompanied by reduced or absence of food intake. Body condition should be determined as well
as in chronic conditions (e.g., tumor growth) as body weight may stay the same or even increase,
but loss of muscle and subcutaneous fat lead to a marked loss of body condition. This is
detectable through feeling the pelvis and backbone, and one may see a square tail as muscle
atrophy reveals the square shape of the vertebrae.

Breathing difficulties (Dyspnea):

This can be presented in a variety of signs such as panting, hyperventilation, laboured breathing,
see-saw or abdominal-thoracic breathing, grunting with each breath (this may be indicative of
abdominal pain also).

Cachexia:
see Body weight loss

Chewing, persistent:
see self-mutilation; Compulsive behavior

Chromodachryorrhea:
see Blood around nose and eyes
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Circling:

see also Ataxia: Characterised by an animal going repeatedly round and around the cage making
a track, may be accompanied by bodyweight loss. May indicate damage to the brain or to the
inner ear. May be caused by a concurrent infection, but could also be caused by test substances.

Comatose:
see also Recumbency. The animal may be unarousable due to extreme lassitude, sedation etc, or
toxic effects of the test substance.

Compulsive Behavior:
Such behaviors may be gnawing, biting at the substrate or even parts of their own body (e.g.,
feet).

Constipation:
May be indicated by lack of feces in the cage, but must differentiate from decreased feces due to
anorexia. If prolonged the animal will become lethargic and die.

Convulsions:
see Seizures

Corneal ulceration:

May be accompanied by blepharospasm, watery eyes, and ocular and nasal discharge. The early
stages can be particularly painful, and may be incidental to the study, such as drug-induced
decreased tear production, or caused by the test substance. If so, seek veterinary advice, and if
recovery is sought, treat under veterinary supervision.

Coughing/Sneezing:
If persistent, may be an intercurrent infection and veterinary advice should be sought.

Cyanosis:
Blue or dark red extremities, such as pinna, feet, mucous membranes of eye and mouth.

Dehydration:

Can be assessed by lifting and twisting the skin and observing how quickly it returns to its
normal ’flat” position. Usually occurs as result of reduced water intake or inadequate water
intake in the case of intestinal (diarrhoea), kidney or endocrine disease (polyuria).

Diarrhoea:

Diarrhoea can present in a variety of forms from frank watery or bloody faeces (dysentery) to
soft stools. Increased frequency of defecation can indicate greater severity. Humane criteria
listed for bodyweight and other diagnoses, should be considered.

Discharge, abnormal:

Animals normally keep themselves very clean. Discharge may be from any external orifice.
Veterinary advice should be sought to differentiate between infectious etiologies and effects of
test substances.
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Dyspnoea (difficult breathing:
see Breathing difficulties. Can be a cause of severe distress.

Epistaxis (nasal bleeding):
See anaemia.

Excitable:

see Seizures. An animal may be difficult to restrain or catch, it may throw itself around a cage in
a type of fit, causing injuries. May be due to excessive fear or to neuronal change altering the
animal’s behaviour.

Eyelid closure:
see Blepharospasm. Corneal ulceration. Eyelids may be fully or partially closed.

Eyes fixed/sunken:

Usually observed in presence of severe bodyweight loss and dehydration. Indicates an animal is
close to death, and should be treated or humanely killed. This may also be a transient effect of
drug treatment, and not an indication of pain or suffering.

Fractured bone:
May be indicated by swollen limb or lameness.

Gasping:
see Dyspnoea

Grooming - failure to do so:

In rodents, this may lead to porphyrin accumulations near the eyes and nose, and there may be
soiling in the anogenital region. The animal is definitely ill, and may be in severe pain and
discomfort. In dermal studies, the animal is not necessarily ill if lack of grooming is due to the
taste of the substance under test.

Hunched/stiff posture:
see Boarded abdomen. Often seen in sick animals and may be due to abdominal discomfort or
only be a general sign of illness.

Hyper-reflexia:
see Excitable. An exaggerated response to a stimulus such as noise or touch.

Immobile/Inactive:

This includes inactivity, lassitude, listlessness, and/or reluctance to move. Animal is ill, may be
close to death if accompanied by body weight loss, dehydration, sunken or fixed eyes. The red
light response test* should be performed.

! The red light response test is carried out by turning out the normal white lights and observing
the animal in the dark or under a red light when it will carry out its nocturnal patterns of
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behaviour. This is normally characterised by an increase in activities such as investigation,
climbing and play within 5 min.

Jaundice (icterus):

Typically observed by the presence of yellowish-coloured ears, feet and membranes. Serum
clinical chemistry (bilirubin) can assist in determining the cause, such as hemolysis (prehepatic
icterus, liver damage (hepatic icterus), bile tract blockage (posthepatic icterus), or infection. May
also be accompanied by inactivity when painful condition exists.

Joints swollen:

Painful condition may be indicated when accompanied by a strong withdrawal and vocalisation
response, an inability to move around freely, relative inactivity compared to controls, or if
animal (rodent) remains inactive during the red light response behaviour test.

Kyphosis:

Characterized by fixed convex/outward curvature of the spine. This may be due to spasm of the
flexor muscle of the vertebral column, and if so would be painful, and the animal should be
humanely Killed. If intermittent it may be a form of seizure (see Seizures above).

Limping/Lameness:
Unable to fully bear weight on that limb due to pain in the foot, leg or one of the joints. Fractures
should be considered as a possible cause.

Locomotory behavior:
May be reduced (see Immobile) or abnormal in some way.

Lordosis:

Fixed concave/inward curvature of the spine. This may be due to spasm of the extensor muscle
of the vertebral column and if so would be painful and the animal should be humanely killed. If
intermittent then it may be a form of seizure (see Seizures above).

Loss of condition, body muscle:
See body weight loss.

Mammary gland abnormalities:

A painful condition may be present if one or more mammary glands is swollen, discolored,
discharging pus or blood, or the animal is extremely sensitive to touching of the gland
(vocalisation, withdrawal, and/or overreaction).

Moribund:

A diagnosis and decision point based on several other items of information, at which time the
animal is deemed to be dying with quality of life already significantly impaired, and humane
sacrifice becomes unavoidable at this point. Care should be taken to distinguish moribund from
comatose, and therefore, presumably not in pain or distress.

Motor excitation: see Hyper-flexia. An exaggerated movement or limb response to a touch.
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Not eating/drinking:
See bodyweight loss

Oedema:

Characterised by swelling in dependent areas such as extremities, such as below the mandible.
May be indicative of insufficient heart function or low protein levels in the blood. There are
numerous causes of oedema, many of which are not a cause for humane killing.

Pale mucous membranes:

see also Anemia, Cyanosis, Dysponea. May be indicative of anaemia or circulatory insufficiency
(e.g. cardiac or pulmonary insufficiency, or shock). If accompanied by laboured or accelerated
breathing, may be indicative of a severe or irreversible condition. A hematocrit can be conducted
to quantify the severity of suspected anemia.

Paralysis:
May occur because of action of substance on the CNS or spinal cord. Any animal dragging it
limbs should be humanely killed.

Paresis:

May occur because of action of substance on the CNS or spinal cord, or musculature or
neuromuscular junction. Any animal showing obvious or irreversible muscle weakness that may
affect its ability to eat, drink, or breathe should be humanely killed.

Piloerection:
The hairs of an animal's fur look harsh or starey as they are partially erect. A sign of not
grooming and general ill health.

Pinna reflex:
see Reflexes. Pinch the ear flap and normally an animal will shake its head. Absence of the
reflex may be a sign of distress.

Prostrate:
see Recumbency. Usually an animal which has lost its righting reflex and has been in that
condition for a few hours. May be a symptom of moribund condition.

Pruritis:
See self-mutilation. Animal may scratch or bite itself which may lead to a superficial injury,
which can progress to deeper lesions and infection

Pupillary constriction/dilation:

A light responsiveness test should be carried out to determine if the condition is fixed or if there
is a pupillary response. Dilatation of the pupil together with inactivity may indicate an animal is
close to death especially with a sluggish pupil response time. Dilation or constriction otherwise
may well also be a substance effect.
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Rales, pulmonary:

see Dyspnoea. Detected by stethoscope. Rales may indicate pulmonary secretions as a result of
intercurrent infection (pneumonia) or the test substance. Substances inducing bronchial and
bronchiolar secretions may predispose the animal to infection.

Rectal prolapse:
see Tenesmus, Diarrhoea. Part of the rectum protrudes from the anal sphincter. The animal will
have to humanely killed as the prolapse may become infected or the animal may self mutilate.

Recumbency, prolonged:

see Prostrate. May be lateral (On its side) or abdominal, and if the animal has lost its righting
reflex, that is more serious. It may be temporary or prolonged though, if for more than a few
hours, it is likely to be close to death if the animal is not in any form of seizure.

Red eye(s)/nose:
see also Grooming. Indicative of the animal failing to groom. The animal may also have a soiled
anogenital region.

Reflexes:

Sluggish responses or loss of reflexes such as corneal, pupillary, pedal, righting (ability to
correct to normal posture when gently pushed or overbalanced) or responses to noise, may be
due to unconsciousness or extreme lassitude.

Retention of faeces:
see Constipation.

Righting reflex:
see Reflexes.

Salivation:

Indicative of a failure to swallow or hypersalivation in response to the test substance. If unable to
swallow a clinical examination is required to determine the etiology as it may well affect the
animal’s ability to eat (see Body weight).

Seizures:

The animal may lie on its side and tremor, the muscles may be rigid or flaccid, it may last only
for a few seconds or may be longer, it may be brought on by interaction with the observer. If the
seizure lasts for more than one minute and is repeated for more than 5 times a day without being
induced, then the animal should be humanely killed especially if due to the substance being
tested. If seizures are induced and further time for study is needed then animals should be moved
to a quiet area and handled minimally. Seizures in animals with broken limbs, or where previous
seizure has resulted in injury, are cause for sacrifice, irrespective of frequency.
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Self-mutilation:

see Puritis. Licking, scratching or gnawing at an area, which if persistent, may result in
ulcerative dermatitis. Depending on the extent of the self-mutilation, or if whole phalanges have
been removed from the digits, consider humane killing or other appropriate action.

Skin bruising/colour/crepitus:

May be due to a subcutaneous bleed, or air under the skin (if over the thorax consider lung
puncture and humane killing). If due to gas forming organisms treatment is generally not an
option, and the animal should be humanely killed.

Spasm:
See seizures

Staggering:
See ataxia

Sunken flanks:

see Bodyweight and Dehydration. The abdominal wall of an animal may be suddenly drawn in
(writhing) and can indicate abdominal pain (as in a colicky pain), or it may also be through
emaciation.

Suppuration:
Indicative of infection. See discharge, although suppuration may come from sources other than
natural orifices.

Swellings:
see Joint swelling. Note the position and extent. May indicate oedema (q.v.), hernias of the
inguinal or femoral rings, abscess, growth of some sort, bruising, pregnancy, etc.

Tenesmus:
Constant straining to pass faeces. Usually associated with diarrhoea (g.v.) and rectal prolapse.

Tetany:
See seizures

Tremor:
see also Seizures, and Convulsions. The animal may show muscular twitching or rapid skin
movements.

Urine retention:
see Anuria. Palpate hardened and distended bladder through the abdominal wall. Is often painful.
Can be confused with renal failure.

Vaginal prolapse:

Part of the vagina protrudes from the vulva. The animal will have to be humanely killed as the
prolapse may become infected or the animal may self-mutilate.
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Vocalisation:
May be unprovoked, result from handling, or associated with an animal being fearful of being
touched. If abnormal or persistent, may be indicative of a painful or distressful condition.

Vomiting:

Rare in rodents as they lack the physiological reflex and/or are anatomically unable to do so
because of the arrangement of the diaphragmatic musculature. In other animals check on
frequency and volume lost (see Body weight, and check for fluid loss; see Dehydration). If
allowed to persist, animal will die through dehydration and electrolyte imbalance.
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ANNEX 4
CLINICAL SIGNS AND CONDITIONS OF ANIMALS REQUIRING
ACTION BY ANIMAL CARE STAFF AND STUDY DIRECTORS

(For Display, or in Hand, in Animal Rooms and Facilities)

Instructions:

When any of the following conditions or clinical signs are observed, the animal technician must
immediately notify the responsible study director and/or veterinarian, and appropriate action
should be taken. A decision should be made as to whether to humanely kill the animal, or to take
other appropriate action (e.g., treatment) to alleviate the pain and distress.

If there is a scientific necessity for not humanely killing or treating the animal(s) to
alleviate the pain and/or distress, a written plan must be established indicating the schedule
for future observations, and the decision endpoints or schedule for treatment or humane
killing. Clinical signs and conditions where humane killing may be appropriate:

1. Any condition resulting in a prolonged or irreversible inability to eat or drink,
e.g. prolonged immobility, obstruction of the oral cavity, missing or abnormal teeth.

2. Diseases or conditions indicating severe pain, distress or suffering, e.g. fractures,
self-induced trauma, abnormal vocalisation, abnormal posture or movements, open
wounds or ulcers.

3. Rapid or continuing weight loss, e.g., 20% or greater body weight over a few days,
or gradual but continued weight loss.

4. Generalised decrease in grooming and abnormal appearance over an extended
time period, e.g. rough hair coat, extensive alopecia, prolonged diarrhoea, urine
stained hair coat, swollen limbs, paralysis and other central or peripheral nervous
disturbances (convulsions, circling behaviour, prostration).

5. Severe or continuing respiratory distress, e.g. coughing, sneezing, nasal discharge
bloody nares or mouth.

6. Frank bleeding, anemia, or unusual discharges.

7. Evidence of microbial infections or other diseases, including those that interfere
with the experimental protocol or cause any of the above.

For further details, see OECD Guidance Document: Recognition, Assessment and Use of

Clinical Signs as Humane Endpoints for Experimental Animals in Safety Evaluation Studies
(OECD, 2000).
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THE UP-AND-DOWN PROCEDURE: REVISION CONSIDERATIONS

Following the OECD meeting in Washington in March 1999, it was recognized that there were
strengths and weakness of each of the acute oral toxicity tests (401, 420, 423 and 425). Acute
toxicity information is used to classify and label chemicals. Some authorities also use test results
to perform various risk assessment functions, including determination of confidence interval and
slope to make risk projections at the low end of the dose response curve. Among the acute
toxicity tests, only 401 provided the ability to measure risk assessment parameters, and OECD
had decided to phase out 401, including both the 1981 and 1987 versions.

In recognition of the information assessed at the March meeting and in light of the fact that
OECD had agreed upon a new hazard classification system, it was apparent that alternatives to
OECD 401 would need to be revised. Authorities updating the guidelines were charged with
incorporating a number of considerations as part of the revision process. Topics to be considered
included the following: use of a single sex, ability to evaluate toxicity in the range of LD50
values of 2000-5000 mg/kg bw, and changes to test design to improve the operating
characteristics of the method when the approximate LD50 is not known or for chemicals with
low dose response slope.

Subsequent to the March meeting, the UK and Germany have proposed modifications in 420 and
423, respectively. These revisions have centered upon aligning the designs with the new hazard
classification system, use of a single sex, and providing guidance on classifying substances with
lethality in the 2000-5000 mg/kg range. No provisions were made to incorporate risk assessment
concepts into these updated methods.

The US revision of 425, provides for consideration of all parameters considered at the March
meeting. The Up-and-Down Procedure is a sequential test method which employs a
parameterized maximum likelihood method to estimate median lethal dose or LD50. The method
works well when the approximate LD50 and slope are known. Computer simulations were
performed to evaluate the performance of the current OECD guideline #425 and to determine
appropriate changes to optimize the method's performance without actually testing animals in the
laboratory. Work has proceeded along two lines:

1. To revise the single-sequence version of 425 to improve its performance when the
approximate LD50 and dose-response slope are not known or for chemicals with wide variability
of response and to allow it to be used to evaluate lethality in the 2000-5000 mg/kg range for
certain hazard classification purposes.

2. To provide a multi-sequence test method that can simultaneously address the issues in #1,
while also providing for confidence interval and slope. This method would allow for both hazard
classification and risk assessment needs.
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Improvement of the Basic Up-and-Down Procedure

Dose Progression Factor The current OECD test guideline calls for sequential dosing with a
dose progression factor of 1.3. Simulations with this progression factor clearly demonstrate that
if the initial dose chosen is not close to the actual LD50 value for a chemical, a great many
animals may be needed before the test is final and significant bias will be introduce in the results.
Simulations also showed that as many as 30 animals would be needed in some cases to perform
the test, even though the protocol in the current OECD guideline calls for testing to be completed
with a fixed number of four doses after the first reversal of outcome.

Inclusion of a dose range-finding study was considered in order to determine the best initial dose.
However, the sequential nature of dose progression in the test design of the Up-and-Down
Procedure provides results that lead to centering the location of test doses around the LD50.
Therefore, we were able to incorporate aspects of range finding into the basic test by adjusting
the dose spacing.

Using simulations, we have optimized the performance of the test and increased its applicability,
by adjusting the size of the dose progression factor to 0.5 log dose or 3.2 dose. The test will
perform well with this spacing for most situations (slope greater than or equal to 3.5) and will
make efficient use of animals.

Stopping Rule In simulations, the number of test subjects needed was found to depend on slope.
However, in many cases, the slope is not known in advance of testing. Nor will results of the
basic test provide confidence intervals. Therefore, in order to allow the Up-and-Down method to
be applied to a wide variety of chemicals with reasonable reliability, it will be used with a
flexible stopping rule using criteria based on an index related to the statistical error. For
chemicals with higher slopes, the stopping rule will be satisfied with four animals after the first
reversal. Additional animals may be needed for lower slope chemicals with slopes below 4.

Optional Multi-Sequence Test. A multi-sequence test has been introduced as an option for
determination of slope and confidence intervals. The option included in the draft guideline calls
for use of multiple independent test sequences. To allow for a wide range of slope values from
steep to shallow, combinations of dose progression factors can be used. To conserve animal
usage, dosing for each sequence stops after reversal of outcome. Testing can be tiered in that
results from the basic test can be combined with the outcome of optional testing for probit
calculation of the slope and confidence intervals.

Limit Test. A sequential limit test has been designed which improves reliability of correct
classification over that obtained from batch testing. The guideline calls for attainment of three
survivals or three deaths following testing at the limit dose. In many cases, the test will be
completed with three animals, although four or five animals may be needed in some cases.

Use of a Single Sex. As agreed at the 29th Joint Meeting, the revised test guideline #425 uses a
single sex, usually females. Female rats have a lower relative detoxification capacity for most

chemicals, as measured by specific activity of phase I and 11 enzymes. Therefore, for chemicals
which are direct acting in their toxic mechanism, females would generally be the most sensitive.
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However, if metabolic activation is required for a chemical's toxicity, consideration must be
given as to whether the preferred sex for testing is the male. In addition to consideration of
metabolic activation and detoxification, all other information should be evaluated. Information
on chemical analogues or the results of testing for other toxicological endpoints of the chemical
itself can also indicate potential gender differences. If the investigator has a priori reasons to
believe that males may be more sensitive than females, then males may be used for testing.

C-11



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

C-12



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

EPA DOCUMENT 1
PART B
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS
Acute Oral Toxicity: Modified Up-and-Down Procedure

INTRODUCTION

1. OECD qguidelines for the Testing of Chemicals are periodically reviewed in the light of
scientific progress or changing assessment practices. The concept of the up-and-down testing
approach was first described by Dixon and Mood (1)(2)(3)(4). In 1985, Bruce proposed to use
an up-and-down procedure (UDP) for the determination of acute toxicity of chemicals (5). There
exist several variations of the up-and-down experimental design for estimating an LD50. This
guideline is based on the procedure of Bruce as adopted by ASTM in 1987 (6) and revised in
1990. A study comparing the results obtained with the UDP, the conventional LD50 test and the
Fixed Dose Procedure (FDP, Guideline 420) was published in 1995 (7). Since the early papers
of Dixon and Mood, papers have continued to appear in the biometrical and applied literature,
examining the best conditions for use of the approach (8)(9)(10)(11). Based on the
recommendations of several expert meetings in 1999, an additional revision was considered
timely because: 1) international agreement had been reached on harmonised LD50 cut-off values
for the classification of chemical substances, ii) testing in one sex (usually females) is generally
considered sufficient, and iii) revision was being undertaken concurrently for two other
alternatives to the conventional acute oral toxicity test, described in Test Guideline 401.

2. This test procedure is of value in minimizing the number of animals required to estimate
the acute oral toxicity of a chemical as indicated by an estimated LD50, given knowledge before
testing of the approximate LD50 and slope. In addition to the observation of mortality, the test
allows the observation of signs of toxicity. A supplemental procedure also allows estimation of
the slope of the dose response curve.

3. Definitions of some terms are in Appendix 1.

INITIAL CONSIDERATIONS

4. All available information on the test substance should be considered by the testing
laboratory prior to conducting the study. Such information will include the identity and chemical
structure of the substance; its physical chemical properties; the results of any other in vitro or

in vivo toxicity tests on the substance; toxicological data on structurally related substances; and
the anticipated use(s) of the substance. This information is necessary to satisfy all concerned that
the test is relevant for the protection of human health, and will help in the selection of an
appropriate starting dose.

5. When designing a UDP test, if no information is available to make a preliminary estimate
of the LD50 and/or the slope of the dose response curve, results of computer simulations have
suggested that starting near 175 mg/kg and using half-log units (corresponding to a dose
progression of 3.2) between doses will produce the best results. The half-log spacing balances a
more efficient use of animals, while reducing bias in the prediction of the LD50 value. Coupled
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with this concern, in order that any bias will not lead to under-classification, it is essential that
initial dosing occur below the estimated LD50. However, for chemicals with large variability
(i.e., shallow dose-response slopes), simulations indicate that bias can still be introduced in the
lethality estimates and the LD50 has a large statistical error, similar to other acute toxicity
methods. To correct for this, the single-sequence test as described herein includes a stopping
rule not keyed to a fixed number of test observations but to properties of the estimate. Although
the stopping rule is applied to all data, simulations have shown that it will make no essential
difference in animal usage for the great majority of chemicals.

6. The UDRP is easiest to apply to materials that produce death within one or two days. The
method would not be practical to use when considerably delayed death (five days or more) can
be expected.

7. Computers are used to facilitate animal-by-animal calculations that establish testing
sequences and provide final estimates.

8. During the test, all animals obviously in pain or showing signs of severe distress should
be humanely killed.

9. A limit test can be used efficiently to identify chemicals that are likely to have low
toxicity.

PRINCIPLE OF THE PRIMARY (SINGLE ESTIMATE) TEST

10. For each run, animals are dosed, one at a time, at 48 hour intervals. The first animal
receives a dose a step below the level of the best estimate of the LD50. If the animal survives,
the dose for the next animal is increased to a factor of 3.2 times the original dose; if it dies, the
dose for the next animal is decreased by a similar dose progression. (Note: 3.2 is the default
factor. Paragraph 20 provides further guidance for choice of dose spacing factor.) Each animal
should be observed carefully for 48 hours (unless the animal dies) before making a decision on
whether and how much to dose the next animal. That decision is based on the survival pattern of
all the animals up to that time. A combination of stopping criteria is used to keep the number of
animals low while adjusting the dosing pattern to reduce the effect of a poor starting value (see
paragraph 20). Dosing may be stopped when an estimate of LD50 is obtained which satisfies
these criteria (see paragraphs 20 and 33). In typical cases for most applications, testing will be
completed with only 4 animals after initial reversal in animal outcome. In any event, the test
uses no more than 15 animals. The LD50 is calculated using the method of maximum likelihood
(12)(13). A description of the maximum likelihood procedure is in paragraphs 31 and 32.

PRINCIPLE OF THE SUPPLEMENTAL TEST

11.  When an estimation of slope is desired, the primary procedure serves as the starting point
for a tailored testing and estimation routine. The supplemental procedure also provides a
confidence interval for the LD50. A description of this supplemental procedure starts at
paragraph 22 and the formula for this calculation is provided in paragraph 34. It is based on the
principle that multiple sequences with associated LD50s give an estimate of the standard error of
the estimate of the LD50, which is related to the slope in a known way.

C-16



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

DESCRIPTION OF THE METHOD

Selection of animals species

12.  The preferred rodent species is the rat although other rodent species may be used. In the
normal procedure, female rats are used because literature surveys of conventional LD50 tests
show that, although there is little difference of sensitivity between sexes, in those cases where
differences were observed, females were in general more sensitive. When there is adequate
information to infer that males are more sensitive, they should replace females in the test.

13. Healthy young adult animals should be employed. Littermates should be randomly
assigned to treatment levels. The females should be nulliparous and non-pregnant. At the
commencement of the study, the weight variation of the animals should be minimal and not
exceed + 20 % of the mean weight for each sex. The test animals should be characterized as to
species, strain, source, sex, weight and/or age.

Housing and feeding conditions

14, The temperature in the experimental animal room should be 22%C (+ 3%C). Although
the relative humidity should be at least 30 % and preferably not exceed 60 % other than during
room cleaning, the aim should be 50-60 %. Lighting should be artificial, the sequence being 12
hours light and 12 hours dark. The animals are housed individually. Unlimited supply of
conventional rodent laboratory diets and drinking water should be provided.

Preparation of animals

15.  The animals are uniquely identified and kept in their cages for at least five days prior to
dosing for acclimatization to the laboratory conditions. During acclimatization the animals
should be observed for ill health. Animals demonstrating signs of spontaneous disease or
abnormality prior to the start of the study are eliminated from the study.

Preparation of doses

16.  When necessary, the test substance is dissolved or suspended in a suitable vehicle. It is
recommended that, whenever possible, the use of an aqueous solution or suspension be
considered first, followed by consideration of a solution or emulsion in oil (e.g. corn oil) and
then by possible solution in other vehicles. For vehicles other than water, the toxicity of the
vehicle must be known. In rodents, the volume should not normally exceed 1 mL/100 g body
weight; however, in the case of aqueous solutions 2 mL/100 g body weight can be considered.
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PROCEDURE

Primary testing using a single-sequence of dosing.

17. For selecting the starting dose, all available information should be used, including
information on structure-activity relationships. When the information suggests that mortality is
unlikely, a limit test should be conducted (see paragraph 23). When there is no information on
the substance to be tested, it is recommended that the starting dose of 175 mg/kg body weight be
used (see Appendix Il). This dose serves to reduce the level of pain and suffering by starting at a
dose which in most cases will be sublethal. In addition, this dose reduces the chance that hazard
of the chemical will be underestimated.

18. For each run, single animals are dosed in sequence usually at 48 h intervals. However,
the time intervals between dosing should not be fixed rigidly and may be adjusted as appropriate
(e.g., in case of delayed mortality). The first animal is dosed a step below the toxicologist’s best
estimate of the LD50. If no estimate of the chemical’s lethality is available, dosing should be
initiated at 175 mg/kg. If the animal survives, the second animal receives a higher dose. If the
first animal dies or appears moribund, the second animal receives a lower dose (see paragraph 20
for size of dose spacing). Animals killed for humane reasons are considered in the same way as
animals that died on test. Dosing should not normally exceed 2000 mg/kg body weight.
However, when justified by specific regulatory needs, testing up to 5000 mg/kg body weight
may be considered.

19. Moribund state is characterised by symptoms such as shallow, labored or irregular
respiration, muscular weakness or tremors, absence of voluntary response to external stimuli,
cyanosis and coma. Criteria for making the decision to humanely kill moribund and severely
suffering animals are the subject of the separate OECD Guidance Document on the Recognition,
Assessment and Use of Clinical Signs as Humane Endpoints for Experimental Animals used in
Safety Evaluation

20.  The dose for each successive animal is adjusted up or down, depending on the outcome
of the previous animal. At the outset, if feasible, a slope of the dose response should also be
estimated based on all information available to the toxicologist including structure activity
relationships. The dose progression factor should be chosen to be the antilog of 1/(the estimated
slope of the dose response curve). When there is no information on the substance to be tested, a
dose progression factor of 3.2 is used. Dosing continues depending on the outcomes of all the
animals up to that time. In any event, if 15 animals have been tested, testing stops. Prior to that,
the test is stopped based on the outcome pattern if:

(1) the upper testing bound is reached and 3 consecutive animals survive at that bound or

if the lower bound is reached and 3 consecutive animals die at that bound, or

(2) the next animal to be tested would be the 7th and each surviving animal to this point

has been followed by a death and vice versa (i.e., 5 reversals occur in 6 animals started),

otherwise;

(3) evaluation whether testing stops or continues is based on whether a certain stopping

criterion is met: Starting following the fourth animal after the first reversal (which may

be as early as the decision about the seventh animal), three measures of test progress are
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compared via two ratios. If the first measure is at least two-and-one-half times both the
other measures (i.e., both ratios are 2.5), testing is stopped.(see paragraph 33 and
Appendix I11). For a wide variety of combinations of LD50 and slopes as low as 2.5, the
stopping rule will be satisfied with four to six additional animals, with fortuitously well-
placed tests using even fewer. However, for chemicals with shallow dose-response slope
(large variance), more animals may be needed. If animal tolerances to the chemical are
expected to be highly variable (i.e., slopes are expected to be less than 3), consideration
should be given to increasing the dose progression factor beyond the default 0.5 log dose
(i.e., 3.2 progression factor) prior to starting the test.

21.  When the stopping criteria have been attained after the initial reversal, the LD50 should
be calculated using the method described in paragraphs 31 and 32.

Supplemental Test: Estimate an LD50 and Slope of the Dose Response Curve

22. Following the primary test, a supplemental test to estimate the slope of the dose-response
curve can be implemented when necessary. This procedure uses multiple testing sequences
similar to the primary test, with the exception that the sequences are intentionally begun well
below the LD50 estimate from the primary test. These test sequences should be started at doses
at least 10 times less than the LD50 estimate from the primary test, and not more than 32 times
less. Testing continues in each sequence until the first animal dies. Doses within each sequence
are increased by the standard 3.2 factor. The starting doses for each test sequence should be
staggered, as described in Appendix |1, paragraph 6. Upon completion of up to six of these
supplemental test sequences, a standard probit analysis should be run on the entire collection of
data, including the outcomes of the primary test. Good judgment will be required in cases where
the primary test yields estimates of LD50 that are too close to the lower limit of doses tested.
When this occurs, testing may be required to begin well above the LD50, where deaths are
likely, and each sequence will terminate with the first survivor. If slope may be highly variable,
an alternate procedure, using varying dose progression sizes, may be appropriate as shown in
Appendix IV.

Limit test

23. Dosing should not normally exceed 2000 mg/kg body weight. However, when justified
by specific regulatory needs, testing up to 5000 mg/kg body weight may be considered. One
animal is dosed at the upper limit dose; if it survives, two more animals are dosed sequentially at
the limit dose; if both animals survive, the test is stopped. If one or both of these two animals
die, two animals are dosed sequentially at the limit dose until a total of three survivals or three
deaths occurs. If three animals survive, the LD50 is estimated to be above the limit dose. If
three animals die, the LD50 is estimated to be at or below the limit dose. If the first animal dies,
a primary test should be run to determine the LD50 (see paragraph 11 of appendix II).

As with any limit test protocol, the probability of correctly classifying a compound will decrease
as the actual LD50 approaches the limit dose. The selection of a sequential test plan increases
the statistical power and also has been made to intentionally bias the procedure towards rejection
of the limit test for compounds with LD50s near the limit dose, i.e., to err on th side of safety.
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Administration of doses

24.  The test substance is administered in a single dose to the animals by gavage using a
stomach tube or a suitable intubation cannula. The maximum volume of liquid that can be
administered at one time depends on the size of the test animal. In rodents, the volume should
not normally exceed 1 ml/100 g body weight; however, in the case of aqueous solutions

2 ml/100 g body weight can be considered. When a vehicle other than water is used, variability
in test volume should be minimized by adjusting the concentration to ensure a constant volume
at all dose levels. If administration in a single dose is not possible, the dose may be given in
smaller fractions over a period not exceeding 24 hours.

25.  Animals should be fasted prior to dosing (e.g., with the rat, food but not water should be
withheld overnight; with the mouse, food but not water should be withheld for 3-4 hours).
Following the period of fasting, the animals should be weighed and the test substance
administered. The fasted body weight of each animal is determined and the dose is calculated
according to the body weight. After the substance has been administered, food may be withheld
for a further 3-4 hours in rats or 1-2 hours in mice. Where a dose is administered in fractions
over a period of time, it may be necessary to provide the animals with food and water depending
on the length of the period.

Observations

26. After dosing, animals are observed individually at least once during the first 30 minutes,
periodically during the first 24 hours, with special attention given during the first 4 hours, and at
least once daily thereafter. The animals should normally be observed for 14 days, except where
animals need to be removed from the study and humanely killed for animal welfare reasons or
are found dead. However, the duration of observation should not be fixed rigidly. It should be
determined by the toxic reactions, time of onset and length of recovery period, and may thus be
extended when considered necessary. The times at which signs of toxicity appear and disappear
are important, especially if there is a tendency for toxic signs to be delayed (14). All
observations are systematically recorded with individual records being maintained for each
animal. Toxicology texts should be consulted for information on the types of clinical signs that
might be observed.

27.  Careful clinical observations should be made at least twice on the day of dosing, or more
frequently when indicated by the response of the animals to the treatment, and at least once daily
thereafter. Animals found in a moribund condition and animals showing severe pain and
enduring signs of severe distress should be humanely killed. When animals are killed for
humane reasons or found dead, the time of death should be recorded as precisely as possible.
Additional observations will be necessary if the animals continue to display signs of toxicity.
Observations should include changes in skin and fur, eyes and mucous membranes, and also
respiratory, circulatory, autonomic and central nervous systems, and somatomotor activity and
behavior pattern. Attention should be directed to observations of tremors, convulsions,
salivation, diarrhea, lethargy, sleep and coma.
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Body weight

28. Individual weights of animals should be determined shortly before the test substance is
administered, at least weekly thereafter, at the time of death or at day 14 in the case of survival.
Weight changes should be calculated and recorded.

Pathology

29. All animals, including those which die during the test or are Killed for animal welfare
reasons during the test and those that survive at day 14, are subjected to gross necropsy. The
necropsy should entail a macroscopic inspection of the visceral organs. As deemed appropriate,
microscopic analysis of target organs and clinical chemistry may be included to gain further
information on the nature of the toxicity of the test material.

DATA AND REPORTING

Data

30. Individual animal data should be provided. Additionally, all data should be summarized
in tabular form, showing for each test concentration the number of animals used, the number of
animals displaying signs of toxicity (Chan and Hayes, 14), the number of animals found dead
during the test or killed for humane reasons, time of death of individual animals, a description
and the time course of toxic effects and reversibility, and necropsy findings. A rationale for the
starting dose and the dose progression and any data used to support this choice should be
provided.

Calculation of LD50 for the primary test

31.  The LD50 is calculated using the maximum likelihood method (12)(13), other than in
exceptional cases given below. The following statistical details may be helpful in implementing
the maximum likelihood calculations suggested (with an assumed sigma). All deaths, whether
immediate or delayed or humane Kkills, are incorporated for the purpose of the maximum
likelihood analysis. Following Dixon (4), the likelihood function is written as follows:

L= L1 L2 Ln s

where

L is the likelihood of the experimental outcome, given mu and sigma, and n the total number of
animals tested.

Li = 1 - F(Z)) if the i" animal survived, or
Li= F(Z)) if the i" animal died,

where
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F = cumulative standard normal distribution,

Z; = [log(d;) - mu ]/ sigma

d; = dose given to the i" animal, and

sigma = standard deviation in log units of dose (which is not the log standard deviation).

When identifying the maximum of the likelihood L to get an estimate of the true LD50, mu is set
= log LD50, and automated calculations solve for it (see paragraph 32).

An estimate of sigma of 0.5 is used unless a better generic or case-specific value is available.

(a) If testing stopped based on criterion (1) (i.e., a boundary dose was tested repeatedly), or if the
upper bound dose ended testing, then the LD50 is reported to be above the upper bound; if the
lower bound dose ended testing then the LD50 is reported to be below the lower bound dose.
Classification is completed on this basis.

(b) If all the dead animals have higher doses than all the live animals or, vice versa, the LD50 is
between the doses for the live and the dead animals, these observations give no further
information on the exact value of the LD50. Still, a maximum likelihood LD50 estimate can be
made provided there is a value for sigma. Stopping criterion (2) in paragraph 20 describes one
such circumstance.

(c) If the live and dead animals have only one dose in common and all the other dead animals
have higher doses and all the other live animals lower doses, or vice versa, then the LD50 equals
their common dose. If there is ever cause to repeat the test, testing should proceed with a smaller
dose progression.

If none of the above situations occurs, then the LD50 is calculated using the maximum likelihood
method.

32. Maximum likelihood calculation can be performed using either SAS (12)(e.g., PROC
NLIN) or BMDP (13)(e.g., program AR) computer program packages as described in Appendix
1D in Reference 3. Other computer programs may also be used. Typical instructions for these
packages are given in appendices to the ASTM Standard E 1163-87 (6). The sigma used in the
BASIC program in (6) will need to be edited to reflect the changes in this version of the OECD
425 Guideline. The program’s output is an estimate of log(LD50) and its standard error.

33.  The stopping criterion (3) in paragraph 20 is based on three measures of test progress,
that are of the form of the likelihood in paragraph 31, with different values for mu, and
comparisons are made after each animal tested after the sixth that does not already satisfy
criterion (1) or (2). The equations for criterion (3) are provided in Appendix I1l. These
comparisons are most readily performed in an automated manner and can be executed
repeatedly, for instance, by a spreadsheet routine such as that also provided in Appendix III. If
the criterion is met, testing stops and the LD50 can be calculated by the maximum likelihood
method.

Calculation of LD50 and Slope Using Supplemental Procedure
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34. A Supplemental Procedureis based on running three independent replicates of the
Up-and-Down Procedure. Each replicate starts at least one log, but not more than 1.5 log, below
the estimated LD50. Each run stops when the first animal dies. All data from these runs and the
original Up-an-Down run are combined and an L D50 and slope are calculated using a standard
probit method.

Report

35.  The test report must include the following information:
Test substance:

- physical nature, purity and physicochemical properties (including isomerisation);
- identification data.

Vehicle (if appropriate):
- justification for choice of vehicle, if other than water.
Test animals:

- species/strain used;

- microbiological status of the animals, when known;

- number, age and sex of animals;

- rationale for use of males instead of females;

- source, housing conditions, diet, etc.;

- individual weights of animals at the start of the test, at day 7, and at day 14.

Test conditions:

- rationale for initial dose level selection, dose progression factor and for follow-up dose levels;
- details of test substance formulation;

- details of the administration of the test substance;

- details of food and water quality (including diet type/source, water source).

Results:

- body weight/body weight changes;

- tabulation of response data by sex (if both sexes are used) and dose level for each animal (i.e.
animals showing signs of toxicity including nature, severity, duration of effects, and
mortality);

- time course of onset of signs of toxicity and whether these were reversible for each animal,
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- necropsy findings and any histopathological findings for each animal, if available;

- slope of the dose response curve (when determined);

- LD50 data;

- statistical treatment of results (description of computer routine used and spreadsheet tabulation

of calculations)

Discussion and interpretation of results.

Conclusions.
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APPENDIX |

DEFINITIONS

Acute oral toxicity is the adverse effects occurring within a short time of oral administration of a
single dose of a substance or multiple doses given within 24 hours.

Delayed death means that an animal does not die or appear moribund within 24 hours but dies
later during the 14-day observation period.

Dosage is a general term comprising the dose, its frequency and the duration of dosing.

Dose is the amount of test substance administered. Dose is expressed as weight (g, mg) or as
weight of test substance per unit weight of test animal (e.g. mg/kg).

LD50 (median lethal dose), oral, is a statistically derived single dose of a substance that can be
expected to cause death in 50 per cent of animals when administered by the oral route. The LD50
value is expressed in terms of weight of test substance per unit weight of test animal (mg/kg).

Moribund status of an animal is the result of the toxic properties of a test substance where death
is anticipated. For making decisions as to the next step in this test, animals killed for humane
reasons are considered in the same way as animals that died.

Nominal sample size refers to the total number of tested animals reduced by one less than the
number of like responses at the beginning of the series, or by the number of tested animals up to
but not including the pair that creates the first reversal. For example, for a series as follows:
OOOXXOXO, we have the total number of tested animals (or sample size in the conventional
sense) as 8 and the nominal sample size as 6. It is important to note whether a count in a
particular part of the guideline refers to the nominal sample size or to the total number tested.
For example, the maximum actual number tested is 15. When testing is stopped based on that
basis, the nominal sample size will be less than or equal to 15. Members of the nominal sample
start with the animal numbered (r-1) (see reversal below).

Probit is an abbreviation for the term “probability integral transformation” and a probit dose-
response model permits a standard normal distribution of expected responses (i.e., one centered
to its mean and scaled to its standard deviation, sigma) to doses (typically in a logarithmic scale)
to be analyzed as if it were a straight line with slope the reciprocal of sigma. A standard normal
lethality distribution is symmetric; hence, its mean is also its true LD50 or median response.

Reversal is a situation where non-response is observed at some dose, and a response is observed

at the next dose tested, or vice versa (i.e., response followed by non-response). Thus, a reversal
is created by a pair of responses. The first such pair occurs at animals numbered r-1andr.
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Sigma is the standard deviation of a log normal curve describing the range of tolerances of test
subjects to the chemical. Sigma provides an estimate of the variation among test animals in
response to doses throughout the dose-response curve.

Slope (of the dose response curve) is the value that describes the angle at which the dose
response curve rises from the dose axis. This value is the reciprocal of sigma.
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APPENDIX I

DOSING PROCEDURE

Dose Sequence for Primary or Single-Sequence Test

1. For each run, animals are dosed, one at a time, at 48-hour intervals. The first animal
receives a dose a step below the level of the best estimate of the LD50. This selection reflects an
adjustment for a tendency to upward bias in the final estimate (see paragraph 5); as the test
progresses, dosing will adjust for the overall pattern of outcomes. If the animal survives, the
dose for the next animal is increased to a factor of 3.2 times the original dose; if it dies, the dose
for the next animal is decreased by a similar dose progression. (Note: 3.2 is the default factor.
Paragraph 3 below provides further guidance for choice of dose spacing factor). Each animal
should be observed carefully for 48 hours (unless the animal dies) before making a decision on
whether and how much to dose the next animal. That decision is based on the survival pattern of
all the animals up to that time.

2. A combination of stopping criteria is used to keep the number of animals low while
adjusting the dosing pattern to reduce the effect of a poor starting value. In any event, the test
uses no more than 15 animals. Reaching one of the boundary doses and “staying there” for three
animals stops the test. Unless this happens, the minimum number tested starting with the first
reversal (called the nominal sample size) is 6. Testing stops at this point if and only if every
response has been followed by a nonresponse or vice versa. (This outcome can be symbolized
by .. XOXOXO or ...OXOXOX where X denotes dies within 48 hours, O denotes survives, and
... indicates a possible run of Xs or Os, respectively, preceding the example.) This type of
outcome suggests the LD50 is very likely to be between the two particular test doses and that
there is low variability in response sensitivity (e.g., a steep slope for an assumed probit dose-
response model), a situation favorable for accurate results based on this guideline. Counting
which contributes to the stopping decision is carried out from the first reversal to adjust for cases
where there is an initial run of nonresponses or only responses, which tends to be associated with
a poor starting dose. If there have been fewer than 5 reversals by this nominal sample size of 6,
there is somewhat higher probability that more animals will be needed to achieve an accurate
estimate. Possible problems include a relatively flat dose response, a starting value distant from
the true LD50, an apparent adverse response not actually related to exposure to the test
substance, or some combination of these factors. Therefore, in this case testing continues until it
satisfies a criterion based on how likely it was to see the observed pattern, or the maximum
allowable number of animals is reached.

3. Dose spacing is most successful if it can be related to the slope of dose response. At the
outset, if feasible, a slope of the dose response should be estimated based on all information
available to the toxicologist including structure activity relationships. The dose progression
factor should be chosen to be the sigma or antilog of 1/(the estimated slope of the dose response
curve). When there is no information on the substance to be tested, a dose progression factor of
3.2 is used.
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4. Once the starting dose and dose spacing are decided, the toxicologist should list all
possible doses including the upper (usually 2000 or 5000 mg/kg) and lower bounds. Doses that
are close to the upper and lower bounds should be removed from the progression. Setting of
lower bounds may need to include consideration of the ability to accurately dilute the test
material).

5. The stepped nature of the TG 425 design provides for the first few doses to function as a
self-adjusting sequence. Because of the tendency for positive bias, in the event that nothing is
known about the substance, a starting dose of 175 mg/kg is recommended. If the default
procedure is to be used for the primary test, dosing will be initiated at 175 mg/kg and doses will
be spaced by a factor of 0.5 (logi dose). The doses to be used are 1.75, 5.5, 17.5, 55, 175, 550,
1750, 2000, or, for specific regulatory needs, 5000 instead of 2000.

6. Only the doses in the predetermined dose progression (either one analytically based or
the default progression) should be used. This avoids changing the dose progression if either the
upper or lower limit is reached during the study. If there is no reversal before reaching either the
upper or lower bounds, no more than three animals should be dosed at these limiting doses (see
stopping criterion (1) in paragraph 20).

Setting Starting Doses for Supplemental Multi-Sequence Procedure

7. In order to maximize information on the dose response curve, the starting doses of each
sequence should be staggered in such a way that the doses tested in one sequence are between
the doses of neighboring sequences. The factor 3.2 comes from the fact that this value forces
alternating doses in the full list of possible doses to be separated by approximately one order of
magnitude, i.e., a 10-fold difference. For example, the dose list 1.75, 5.5, 17.5, 55... is one where
every other dose is separated by a 10-fold increment. Furthermore, the same list, on the base 10
log-scale is 0.0, 0.5, 1.0, 1.5, 2.0... which illustrates the fact that a constant multiplicative factor
separating doses on the mg/kg dose scale translates to an additive equal spacing on the base 10
log scale. It also exhibits the fact that log;0(3.2) = 0.5, i.e., one-half of one order of magnitude.

8. By working on the log-scale, staggering doses is straightforward. On that scale, one need
only partition the log-scale dosing increment into the number of staggered start doses needed.
For example, 0.5/5 = 0.1, so that starting doses for five separate sequences could be 1.0, 1.1, 1.2,
1.3, 1.4 on the log-scale, which translates to 10.0, 12.6, 15.8, 20.0, 25.1. The next dose in this
list of starting doses, 1.5 (or 31.6), is the next dose in the testing sequence that starts at 1.0 (or
10.0). Itis also worth noting that the factor that separates each starting dose on the actual dose
scale, 1.26, is the fifth-root of 3.2.

9. The specific steps to be followed are:

1. Select a dose about which one wishes to stagger doses.

2. Convert the dose in (1) to log-scale, and calculate the log10 of the dosing increment.

3. Divide the log of the dosing increment by the number of sequences to be use.

4, Add or subtract the dosing increment to the dose in (1), repeatedly until the correct
number of starting doses is created.
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5. Convert the log doses back to the original scale.

10.  Asasecond example, (1) Suppose we want to stagger four starting doses around a dose
of 120, and the dosing increment is 3.2. (2) The log starting value is 109g10(120) = 2.079, and log
10(3.2) = 0.5. For step (3), 0.5/4 =.125. (4) Since there are an even number of starts, we will
put 2 starts below 120, and one above. The starts below 120 are 2.079 - 0.125 = 1.954,

1.954 - 0.125 = 1.829. The start above 120 is 2.079 + 0.125 = 2.204, or together, 1.829, 1.954,
2.079, 2.204. (5) Finally, converting the original dose scale, these starts are 67, 90, 120, 160.

Limit Test

11.  The Limit Test is a sequential test that may use up to 5 animals. A test dose of up to
2000 (and exceptionally 5000) mg/kg may be used.

12. Dose one animal at the test dose. If the animal dies, conduct the primary test to
determine the LD50. If the animal survives, dose two additional animals. If both animals
survive, the LD50 is greater than the limit dose and the test is terminated. 1f one or both animals
die, then dose an additional two animals, one at a time. The results are evaluated as follows
S=survival, D=death).

13.  The LD50 is less than test dose (2000 mg/kg or 5000 mg/kg) when three or more animals
die.

SDSDD
SSD DD
S DD DX
SDD SD
S DD DX

14.  The LD50 is greater than the test dose (2000 mg/kg or 5000 mg/kg) when three or more
animals survive.

SDSDS

S DS SX (X can be S or D, the dosing of 5th animal is not necessary)

S SD DS

S SD SX (X can be S or D, the dosing of 5th animal is not necessary)
SDD SS
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APPENDIX 111

Computations for the Likelihood-Ratio Stopping Rule

As described in Guideline paragraph 20, a likelihood-ratio stopping rule is evaluated after testing
each animal, starting with the fourth tested following the reversal. Three "measures of test
progress" are calculated. Technically, these measures of progress are likelihoods, as
recommended for the maximum-likelihood estimation of the LD50. The procedure is closely
related to calculation of a confidence interval by a likelihood-based procedure.

The basis of the procedure is that when enough data have been collected, a point estimate of the
LD50 should be more strongly supported than values above and below the point estimate, where
statistical support is quantified using likelihood. Therefore three likelihood values are
calculated, a likelihood for an LD50 point estimate, a likelihood for a value below the point
estimate, and a likelihood for a value above the point estimate. Specifically, the low value is
taken to be the point estimate divided by 2.5 and the high value is taken to be the point estimate
multiplied by 2.5.

The likelihood values are compared by calculating ratios of likelihoods, and then determining
whether the likelihood ratios (LR) exceed a critical value. Testing stops when the ratio of the
likelihood for the point estimate exceeds each of the other likelihoods by a factor of 2.5, which is
taken to indicate relatively strong statistical support for the point estimate. Therefore two
likelihood ratios (LRs) are calculated, a ratio of likelihoods for the point estimate and the point
estimate divided by 2.5, and a ratio for the point estimate and the estimate times 2.5. The values
of 2.5 here have been shown using simulations to yield a useful stopping rule.

The calculations are easily performed in any spreadsheet with normal probability functions. The
calculations are illustrated in the following table, which is structured to promote spreadsheet
implementation. The computation steps are illustrated using an example where the upper
boundary dose is 5000 mg/kg, but the computational steps are identical when the upper boundary
dose is 2000 mg/kg. Empty spreadsheets preprogrammed with the necessary formulas are
available for direct downloading on the OECD and EPA websites.

Hypothetical example using upper boundary 5000 ma/kg (Table 1)

In the hypothetical example utilizing an upper boundary dose of 5000 mg/kg, the LR stopping
criterion was met after nine animals had been tested. The first “reversal” occurred with the 3rd
animal tested. The stopping criterion is checked when four animals have been tested following
the reversal. In this example, the fourth animal tested following the reversal is the seventh
animal actually tested. Therefore, for this example, the data would have been entered into the
spreadsheet only after the seventh animal had been tested. Subsequently, the stopping criterion
would have been checked after testing the seventh animal, the eighth animal, and the ninth. The
stopping criterion is satisfied after the ninth animal is tested.

A. Enter the dose-response information.
After each animal is tested, the results are entered at the end of the matrix in Columns 1-4.
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Column 1. Steps are numbered 1-15. A maximum of 15 animals may be tested.

Column 2. Enter the dose received by the i animal.

Column 3. Indicate whether the animal responded (we use an X) or did not respond (we use
an 0).

The results should be entered in the same order as animals are tested.

B. The nominal and actual sample sizes.

The nominal sample consists of the two animals that represent the reversal (here the second and
third), plus all animals tested subsequently. Here, we use Column 4 to indicate whether or not a
given animal is included in the nominal sample.

. Enter the nominal sample size (nominal n) in Row 16. This is the number of animals in
the nominal sample. In the example, nominal n is 8.

. Enter the actual number tested in Row 17.

C. Rough estimate of the LD50.

As a rough estimate of the LD50 from which to gauge progress, we use the geometric mean of
doses for the animals in the nominal sample. In the table, this is called the “dose-averaging
estimator.” We restrict this average to the nominal sample in order to allow for a poor choice of
initial test dose, which could generate either an initial string of non-responses or an initial string
of non-responses. (However, we will use the results for all animals in the likelihood calculations
below.) Recall that the geometric mean of n numbers is the product of the n numbers, raised to a
power of 1/n.

» Enter the dose-averaging estimate in Row 18. In the example, the value in Row 18 is
equal to (320 (1000 ( ... ( 1000 )8 = 754,

* Enter in Row 19 the logarithm (base 10) of the value in Row 18. The value in Row
19is logip 754 = 2.9.

A more refined procedure could use the maximum-likelihood estimate of the LD50. The dose-
averaging estimator is used to simplify the calculations.

D. Likelihood for the crude LD50 estimate.

“Likelihood” is a statistical measure of how strongly the data support an estimate of the LD50 or
other parameter. Ratios of likelihood values can be used to compare how well the data support
different estimates of the LD50.

In Column 7 we calculate the likelihood for the estimate of the LD50 that was calculated at Step

C. The likelihood (Row 21) is the product of likelihood contributions for individual animals.
The likelihood contribution for the i" animal is denoted L;. (In our implementation, we use the
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algebraically equivalent approach of summing the logarithms of the L; values, then taking the
antilog of the sum.)

Column 6. Enter the estimate of the probability of response at dose d;, denoted P;. P; is
calculated from a dose-response curve. Note that the parameters of the probit dose-response
curve are the slope and the LD50, so values are needed for each of those parameters. For the
LD50 we use the dose-averaging estimate from Row 18. For the slope we use the default value
of 2. The following steps may be used to calculate the response probability P;.

1. Calculate the base-10 log of dose d; (Column 5).
2. For each animal calculate the z-score, denoted Z; (not shown in the table), using the
formulae

sigma = 1/ slope,
Zi = (logio( d;i) - logio( LD50) ) / sigma

For example, for the first animal (Row 1), we have

sigma=1/2
Z; =(2.000-2.878)/0.500 =-1.756

3. For the i" dose the estimated response probability is
Pi = F( Zi )

where F denotes the cumulative distribution function for the standard normal distribution (i.e.,
the normal distribution with mean 0 and variance 1).

For example (Row 1), we have
P1=F(-1.756 ) = 0.0396

The function F (or something very close) is ordinarily what is given for the normal distribution
in statistical tables, but the function is also widely available as a spreadsheet function. It is
available under different names, for example the @NORMAL function of Lotus 1-2-3 (15) and
the @NORMDIST function in Excel (16). To confirm that you have used correctly the function
available in your software, you may wish to verify familiar values such as F(1.96) é 0.975 or
F(1.64) & 0.95.

Column 7. Calculate the natural log of the likelihood contribution (In( L;)). L; is simply the
probability of the response that actually was observed for the i animal:

responding animals: In( Lij)=In(P;)

non-responding animals: In( Li)=In(1-P;)

Note that here we have used the natural logarithm (In), whereas elsewhere we use the base-10
(common) logarithm. These choices are what are ordinarily expected in a given context.
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The steps above are performed for each animal. Finally:

Row 20: Sum the log-likelihood contributions in Column 7.

Row 21: Calculate the likelihood by applying the exp function applied to the log-likelihood
value in Row 20. In the example, exp(-3.385) = %% = 0.0338.

E. Calculate likelihoods for two dose values above and below the crude estimate.

If the data permit a precise estimate, then the likelihood should be high for a reasonable estimate
of the LD50, relative to likelihoods for values distant from our estimate. We compare the
likelihood for the dose-averaging estimate (754, Row 18) to values differing by a factor of 2.5
from that value (i.e., to 754*2.5 and 754/2.5). The calculations (displayed in Columns 8-11) are
similar to those described above, except that the values 301.7 (=754/2.5) and 1986 (=754*2.5)
have been used for the LD50, instead of 754. The likelihoods and log-likelihoods are displayed
in Rows 20-21.

F. Calculate likelihood ratios.

The three likelihood values (Row 21) are used to calculate two likelihood ratios (Row 22). A
likelihood ratio is used to compare the statistical support for the estimate of 754 to the support
for each of the other values, 301.7 and 1985.9. The two likelihood ratios are therefore:
LR1 =[likelihood of 754] / [likelihood of 301.7]
=0.0338/0.0082
=4.10
and
LR2 =[likelihood of 754] / [likelihood of 1985.9]
=0.0338/0.0097
=3.49

G. Determine if the likelihood ratios exceed the critical value.

High likelihood ratios are taken to indicate relatively high support for the point estimate of the
LD50. Both of the likelihood ratios calculated in Step F (4.10 and 3.49) exceed the critical
likelihood ratio that we use, which is 2.5. Therefore the LR stopping criterion is satisfied and
testing stops.
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APPENDIX IV

Alternate Supplemental Procedure

The design for slope estimation involves multiple stages of testing. The first stage is execution
of the Primary Procedure. Subsequent stages involve concurrent up-and-down testing sequences
with nominal sample size 2, with (at each stage) some sequences initiated at a relatively low dose
and others at a higher dose, compared to the LD50. This design is considered to provide
adequate precision for estimation of the slope in most situations. (It is thought that the precision
required will not usually exceed the precision provided by the design.) If there are situations
where the required precision can be stated precisely, it may be possible to reduce the number of
animals tested by terminating the study, when the data collected up to a given point permit an
estimate with the precision required.

The design has 5 stages. At Stages 2 and following, all testing sequences have nominal sample
size of two, i.e., the sequence terminates when a reversal is observed.

Stage 1: Execute the primary procedure, with the guideline stopping criteria.

Stage 2: Execute two up-and-down testing sequences, each with successive test doses spaced by
2 log units (a progression factor of 100). One sequence is started at a low dose relative to the
LD50 and the other at a high dose relative to the LD50.

Stage 3: Execute 2 sequences with doses spaced by 0.5 log unit (a factor of approximately 3.2),
one starting at a low dose and one starting at a high dose, relative to the LD50.

Stage 4: Execute 2 sequences with doses spaced by 0.25 log units, one starting at a low dose and
one at a high dose, relative to the LD50.

Stage 5: Execute 3 sequences with doses spaced by 0.125 log units, 2 starting at a low dose and
one at a high dose, relative to the LD50.

The following procedure is to be used for selecting initial test doses, for up-and-down sequences
at Stage 2 and following. Where the intent is for the sequence to be initiated at a low dose
relative to the LD50, the initial test dose equals the highest dose tested, such that an adverse
affect has not been observed at that dose, or at any lower doses tested, considering the results of
all completed stages of the study. Where the intent is for the sequence to be initiated above the
LD50, the initial test dose is chosen to equal the lowest test dose that is associated with 100%
response in all tests of that dose, as well as at all higher tested doses. In cases where the lowest
dose tested is associated with an adverse effect for one or more animal, the initial test dose is
chosen to equal that dose, divided by the progression factor for the current stage. In cases where
the highest dose tested is associated with no adverse effects, the initial test dose is chosen to
equal that dose, multiplied by the progression factor for the current stage.

Where the range of test doses is restricted (e.g., if the test doses may not exceed 2000 units or
may not exceed 5000 units), and the application of these criteria would result in a dose beyond a
bound of the range, the dose is chosen to equal the corresponding bounding dose (e.g., chosen
equal to 2000 units or 5000 units). Whenever a bounding dose is tested, the next dose to be
tested (in the same sequence) may equal the same bounding dose, or may be chosen strictly
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within the dose range, based on precisely the same criteria as for the Primary Procedure. As for
the Primary Procedure, a single up-and-down testing sequence is stopped if three successive test
doses equal a bounding dose, with no responses (when the dose is an upper bound dose) or with
three responses (for a lower bound dose).

The number of animals that can be tested is restricted as follows. Upon completion of a given
stage, testing stops if the number tested (in that stage and previous stages) equals or exceeds 40.
The minimum number, based on the minimum nominal sample size for each sequence, is 24 (=6
+2*%2 +2*2 + 2*2 + 3*2). In practice, it is believed that the numbers tested will usually not
exceed 40.

After all stages of the test are completed, results of all stages are combined in a single probit
analysis. The statistics reported are to include confidence intervals for the slope and LD50, as
well as point estimates for those parameters, where available, calculated using standard
procedures of probit analysis.
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EPA DOCUMENT 2

Rationale for the UDP as Submitted to OECD

JANUARY 28, 2000
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RATIONALE FOR THE UP-AND-DOWN PROCEDURE

I ntroduction

1. Acute toxicity tests are used to evaluate various toxic manifestations following a single
exposure to an agent. One of the uses of data coming from such tests is to estimate the median
lethal dose so as to place agents into one of a number of groups for hazard classification and
labeling purposes. OECD presently has approved three test methods for acute oral toxicity: Test
Guideline 401: the classical Acute Toxicity Test, and two substitutes, Test Guideline 420 the Fixed
Dose Method (FDM) and Test Guideline 423: the Acute Toxic Class Method (ATC). The Up-and-
Down Procedure (UDP) would be a fourth such option.

Background

2. All of the acute oral toxicity tests measure a spectrum of non-lethal toxic manifestations.
Both the classical method (TG 401) and the UDP give point estimates of the median lethal dose,
whereas the FDM (TG 420) and ATC (TG 423) give estimates of the lethal range. The classical
test relies on simultaneous testing of a preset number of groups of animals, while the other three
tests employ consecutive testing in a staircase design, where the dose in one trial is a function of the
outcome of testing in the previous trial. The UDP and the ATC are quite consistent, except that the
UDP uses single animals per trial, while the ATC employs three animals per dose.

3. Significant work has been performed on the UDP. Theoretical studies have demonstrated
the characteristics of the method and indicated that the procedure and its modifications are very
efficient means of deriving an estimate of the median effective dose per expenditure of test animals
(D)(2)(3)(4)(5)(6). Practical determinations of acute toxicity bear this out, where savings in animals
in comparison to the classical test and the FDM can be significant; the UDP and the ATC appear to
use quite comparable numbers of animals (1)(7)(8)(9)(10)(11)(12). In addition, practical use of the
test method goes far beyond acute toxicity testing and includes such things as (a) evaluation of
target organ effects in dogs (13); (b) evaluation of the efficacy of antiemetic drug treatments (14);
determination and treatment of adverse organophosphate-induced effects (15)(16)(17); and (d)
testing of the movement of chemicals imbedded in microspheres through the human stomach (18).

4. Before being accepted by OECD the FDM and the ATC each underwent validation ring
tests. Validation of a new method depends upon determining the reliability and reproducibility of
the method, proving its predictive capacity, and establishing its relevance. Since data on the UDP
demonstrate all of these, it seems to be both unnecessary and undesirable to undertake extensive
validation testing of this method.

Reliability and Reproducibility
5. The test method for the UDP is like that used in the classical test, FDM and ATC: the
species of animal used is the same; the method of administration of the test material is the same;

and the observations and toxic endpoints are the same. These ensure that the animal data gathered
by a laboratory for the UDP are just like those from the other acute toxicity test methods that have
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already been adopted as OECD Test Guideline. Further validation of the UDP to demonstrate that
multiple laboratories can reliably administer test substances to experimental animals and determine
acute toxicity manifestations including whether they survive or die is not necessary.

Predictivity

6. Acute toxicity findings using the UDP have been generally similar to those achieved with
the classical method: there was an excellent linear correlation for the estimates of the median lethal
dose, and the same EEC acute toxicity classification was reached in 23 of 25 cases (12). In the two
remaining cases, the UDP classification was more stringent than the classical method. These data
on 25 test materials clearly indicate that the UDP can predict the appropriate hazard classes of test
materials as well as the classical method. In addition, the mathematical model used in the UDP to
predict the median lethal dose of test materials has been published as an American Society for
Testing and Materials standard method (19).

7. Both the FDM and the ATC were found acceptable after testing 20 chemicals, a number
similar to that accumulated in multiple studies for the UDP (11)(12)(20). In addition, FDM, ATC
and UDP testing led to the same hazard classification decisions as did the classical test in 80, 85
and 92% of cases, respectively. Certainly, the data base supporting the UDP is comparable to other
methods that have been accepted by OECD Member countries.

Relevance

8. Test methods must be relevant to the regulatory agencies that are going to use the test data.
As stated previously, the UDP has become a standard test method by the American Society for
Testing and Materials (ASTM, 1987). In addition to capturing all of the toxic manifestations
following acute exposure to an agent, the UDP test provides an estimate of the median lethal dose
which is directly referable to any hazard classification system in use today. Such an estimate of the
median lethal dose is also often helpful in setting doses for subchronic toxicity tests and for
comparisons of acute toxicity with other test materials and by other routes of administration.

9. Regulatory agencies are also concerned about the use of animals in toxicity tests. The
UDP has been shown to use fewer animals than the classical test and the FDM, and while a direct
comparison between the UDP and ATC method is only available for three materials, the UDP used
either the same or fewer animals (Schlede et al., 1994; Lipnick, et al., 1995). The UDP provides in
a single test the ability to correctly classify acute toxicity as well as to estimate the median lethal
dose, data that can be useful in preventing unnecessary animal use in future toxicity studies.

Conclusion

10. All acute toxicity tests are trying to develop the same data on the consequences of a single
chemical exposure: they measure morbid endpoints and lethality. Like other acute toxicity tests,
the UDP an be used to reliably and reproducibly evaluate acute toxicity. Methods differ in regard
to details of their design and means of determining values used for hazard classification. Certainly
the UDP is as efficient a means of estimating a median lethal dose as exists. It predicts an
appropriate hazard classification as well as other acute toxicity alternatives, and its relevance to
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regulatory objectives is ably demonstrated by developing requisite toxicity data, estimating the
median lethal dose and minimizing animal usage. To commit more animals in order to show that
the method works would be contrary to good science, good policy and good economics.
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EPA DOCUMENT 3
U.S. Regulatory Uses of Revised TG 425
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EPA DOCUMENT 3
PART A

List of Possible Uses of Acute
Toxicity Information

MARCH 22-24, 1999
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POSSIBLE USES OF ACUTE TOXICITY INFORMATION
Acute toxicity testing provides information on the health hazards likely to arise from short term
exposure and is usually an initial step in the evaluation of the toxic characteristics of a chemical
substance. Data from acute studies may serve many different roles, such as the following:
provide a basis for hazard classification and labelling
establish dosing levels for repeated dose toxicity studies
generate information on organs affected
give clues as 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 members of chemical ¢
lasses

help standardize biological products
serve as a standard for evaluating alternatives to the animal test

help judge the consequences exposures in the workplace, at home, and upon accidental release.
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EPA DOCUMENT 3
PART B

White Paper on Application of Acute Toxicity to Ecological Risk
Assessment

MARCH 22-24, 1999
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ENVIRONMENTAL RISK ASSESSMENT:
ACUTE EFFECTSIN TERRESTRIAL VERTEBRATES

Overview:

In assessing the risk of pesticides to nontarget organisms, the Environmental Protection Agency
compares toxicity information with the expected environmental concentration and then
determines the likelihood that nontarget organisms will be exposed. When lethality is the toxic
effect of concern, the results of acute toxicity testing are used. Data on the rat are used as
surrogate information for terrestrial mammals in the wild. These are generally the same
laboratory studiesin rats that are performed for assessment of human health effects. For
assessment of hazard to other nontarget species, the Environmental Protection Agency receives
data on aquatic and avian species. Acute toxicity data used includes the LD50 value, the slope of
the dose-response curve, and information on dose effects. Risk assessment involves comparison
of hazard and exposure to characterize risk. Risk assessments are performed to determine if there
isapotential for population loss from use of pesticides in the environment. In addition, the
Endangered Species Act mandates that EPA assess the potential for individual deaths of listed
species due to use of pesticides.

Range of Data available:

Data available at the time of registration or reregistration of a pesticide consist of laboratory
studies of toxicity and environmental fate. In addition pesticide registrants submit small plot field
studies of behavior of the pesticide in the environment. Effects in nontarget organisms are
characterized primarily by using single-species laboratory toxicity tests, which yield dose-
response curves of lethality and effect. This information can be augmented by data on effects of
the chemical in other nontarget species. Exposure estimates can be based on laboratory studies
and any available monitoring data. Computer modeling can be used to generate distributions of
expected environmental concentrations.

Use of Point Estimates:

Preliminary risk assessments involve comparison of point estimates of toxic effects with point
estimates of exposure (i.e. the most probable expected exposure). For acute toxicity to terrestrial
vertebrates, for example, the expected environmental exposure can be compared 20% of the
LD50 as aregulatory threshold. The value of 20% L D50 has been traditionally used to initiate
regulatory action in the pesticide program and is based on the presumption that significant
lethality will not occur at concentrations below this level of toxicity. However, the slopes of dose
response curves for acute toxicity of the various pesticides must be considered in examining the
validity of the assumption of negligible lethality at environmental concentrations less than or
equal to 20% of the LD50. Examination of slopes for acute toxicity has shown that the criterion
of 20% L D50 may be insufficiently protective for some chemicals while for othersit isaworst
case value and may be overly conservative. Thus, slope values of LD50 are just asimportant as
the point estimates of lethality.

Risk Reduction:
Regulatory measures to achieve acceptable risk reduction may involve remediation or other
measures ranging from label restrictions to cancellation of specific uses, to reduce or eliminate

source contamination which might result in adverse environmental impact. Such measures
should balance desirable risk reduction with the availability and practicality of resources required
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for implementation. However, requiring mitigation based on preliminary or faulty risk
characterizations can create undue burdens and costs for the user.

Monte Carlo and Other Probabilistic Assessment Techniques:

In 1996, the Agency’s Scientific Advisory Panel recommended a number of improvementsin the
risk assessment of pesticides, including the use of probabilistic methods. In addition, on May 15,
1997, the deputy administrator of the Environmental Protection Agency signed a Policy for Use
of Probabilistic Analysisin Risk Assessment, stating that probabilistic technigues would be used
in determining ecological risk and would integrate both stressor and dose-response assessments.

Such probabilistic analysis techniques are to be part of atiered approach to risk assessment
which progress from the use of simpler techniques such as quotient methods which compare
point estimates of toxic effects with expected environmental exposure, to probabilistic methods
which involve integration of effects and exposure distributions. Of course, preliminary risk
assessment methods using quotients are extremely useful as a screening tool to identify
pesticides, which may be safely used in the environment under conditions which are efficacious
for their intended purpose. However, for pesticides which appear to pose significant risk, the
application of Monte Carlo and other probabilistic techniques allows the analyst to account for
the relationship between stressor and dose-response variables and express this relationship as
likelihood of damage. Probabilistic techniques also provide aframework for expression of
variability and uncertainty in risk assessments; in this way, sensitivity analyses can be performed
to determine the relationship of exposure assumptions and mitigation options to risk.

The Ecological Committee on FIFRA Risk Assessment Methods (ECOFRAM) is a peer
involvement workgroup whose mission is to develop probabilistic methods for pesticide risk
assessment. Assessment endpoints are laid out which are meaningful and attainable. ECOFRAM
has laid out a progression of methods for risk assessment from quotients of toxicity to exposure
involving point estimates to probabilistic determinations. Initially, toxic effects are described in
terms of the dose-response characteristics of a pesticide in asingle test species. The slope of the
dose response curve accounts for the variance of mortality in that species. Retrospective analysis
of toxicity information in birds and mammals has given rise to models and uncertainty factors
which can be used to identify uncertainty factorsto allow for sensitivity of additional species
(Luttik and Aldenberg, 1995 and Baril and Mineau et al, 1996). As data become available for
additional species, the uncertainty factor is reduced.

Exposure assessments for pesticides are based on an array of laboratory and field studies of
environmental fate, informed with details about agricultural application rates and frequency of
use. Modeling can be used to predict the range of environmental exposure levels. Monte Carlo
simulation techniques are then used to integrate the dose response and exposure information. The
results of risk assessment can be expressed as a probability of mortality to terrestrial nontarget
populations. The proportion of the population, which has at least a 90%, 75%, or 50% likelihood
of dying as aresult of uptake of the pesticide can be estimated. The degree to which the
distribution is sensitive to various parameters in the risk assessment model can also be examined.
This allows the effect of mitigation to be evaluated.

Asenvironmental fate predication is refined, increasing weight is given to the initial model for
characterizing toxic effects of the chemical to nontarget species. ECOFRAM recommendations
include consideration of setting more test concentrations near the lethal threshold in acute
toxicity tests to reduce variability and improve their performance characteristics. In addition, to
reduce the uncertainty associated with interspecies extrapolation, additional species should be
tested for lethality. Approximate lethal dose methods such as the Up-and-Down procedure are
under consideration for this purpose. When acute toxicity studiesin rats indicate that a chemical
poses significant risk to terrestrial mammals, an additional acute toxicity test may be required in
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an appropriate species of wild mammal. Similar recommendations were made for interspecies
extrapolation in avian species as part of the SETAC-OECD conference (1994).

Endangered Species:

Assessment of the potential risks of pesticides to endangered species requires that the probability
of the loss of an individual be carefully assessed. An agency team systematically assesses site-
specific risk to endangered species using acute toxicity results. Not only isthe LD50 value used,
but to ensure that the possibility of adverse effectsis carefully considered, rather than rely on a
regulatory trigger based on afixed fraction of the LD50 value, the slope of the dose response
curve istaken into consideration. As noted above, this allows the validity of assumptions of
negligible risk to be tested more precisely.
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EPA DOCUMENT 3
PART C

Uses of Acute Toxicity Datain the
United States

MARCH 22-24, 1999
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USES OF ACUTE TOXICITY DATA IN UNITED STATES

Point Estimate of Lethality for Classification:

classification of pure substances - CPSC, DOT, OSHA

classification of mixtures - CPSC, DOT, OSHA
(although knowledge of slope may be essential for CPSC) classification of active ingredients
and formulations - pesticides

characterization of inerts in formulations

Range Estimate of Lethality for Classification:

classification of pure substances - CPSC, DOT, OSHA

classification of formulations - pesticides

Risk Assessment (Slope, Confidence Intervals, Dose-Effect)

human health assessment, pure substances and mixtures - CPSC, OSHA, pesticides

environmental assessment - pesticides

5000 mg/kg: pesticides: safer chemical policy/incentives, biological agents.

consumer products
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Most alternative tests call for a comparison of sensitivity in males and females.

Other Acute Toxicities
OPP makes significant use of acute inhalation toxicity data since that test is generally the only
one available by the inhalation route.

Acute dermal toxicity is used in quantitative risk assessment to set reentry intervals for farm
workers into treated fields.

Acute avian and fish toxicity data are cornerstones for ecological risk assessment.
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5. Risk Assessment. EPA has established the basic criteria for determining it a pesticide "may
affect” a listed species. These criteria have been adapted from criteria for pesticide classification
published in the Federal Register (40 CFT (129)). The criteria for listed species have been peer-
reviewed by the office of Pesticide Programs' (Science Advisory Panel and are also contained in
a 1980 Interagency agreement between OPP/EPA and FWS/USDOI and NMFS/USDC.

In general, the criteria for stating that a pesticide use may affect a listed species is determined by
comparing the estimated environmental concentration (EEC) of a pesticide immediately after
application with the toxicity (LC50, LD50, or NOEL) of the pesticide to appropriate surrogate
species. For acute toxicity, if the EEC exceeds 1/10th the terrestrial LC50 or LD50 or 1/20th the
aquatic LC50, then it is considered that the pesticide use may affect listed species. The aquatic
criteria are more stringent because fish and most aquatic invertebrates have no opportunity to
move away out of-treated area or switch to alternative untreated foods. For chronic effects
(including reproductive toxicity), if the EEC exceeds chronic effect levels, then a "may affect"”
situation exists.

These criteria are based to a large extent on the basic toxicological principles (and assumptions)
of dose-response. Each dose-response line (actually a transformed dose-response curve) is
associated with a "slope™, typically expressed as a number of "log cycles per probit" (see Figure
1 next page).
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INSERT GRAPH OF SLOPE HERE
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Dose-response line slopes seldom occur below 2 or above 12 and typically are steeper for aquatic
organisms. Although technically a slope measures the variability of response in a test population,
it does provide some other important indications. A steep slope indicates that a narrow range of
doses can affect most of the population: or in other words, a dose affecting only one individual is
not too fear from a dose affecting most of the test population. A shallow slope indicates that wide
variability exists in the responses of test animals; in other words, a dose affecting one individual
may be far different from a dose affecting a large segment of the population.

In the original (1975) FIFRA regulations, it was stated that a "typical™ slope is 4.5. On this basis,
it was determined that the at a 10x safety factor (relative to the LC50) for terrestrial organisms,
pesticide concentrations would be likely to affect one in 30,000,000 individuals exposed. A 20x
safety factor for aquatic organisms provides even less chance of affecting exposed individuals.
EPA considers these criteria adequate to ensure no effect on listed species.

However, since the original regulations were developed, there has been some change in the
nature of registered pesticides. Many of the older chlorinated hydrocarbon pesticides, typically
having shallow slopes, are no longer being used. Newer compounds often have much steeper
slopes. A reassessment at "typical” slopes was done by Ecological Effects Branch in 1985,
which indicated that avian slopes of 5.78 and aquatic slopes of 9.95 represented pesticides
registered at that time. Thus, the likely effect levels based on these slopes (verses the 4.5 slope)
indicate that safety margins increase from 10x to 29x for terrestrial organisms, and from 20x to
49x for aquatic organisms for exposed populations.

6. Estimated environmental concentrations (EECs).

1. Terrestrial. EBB primarily uses procedures outlined in the SEP, as derived from
papers by Hoerger and Kenaga (1972) and Kenaga (1973). In these papers, the
authors indicated that the concentration of a foliar spray is dependent largely upon the
amount of pesticide intercepted and the surface to mass ratio of the plant or other
food item. They provided two values adjusted for the amount applied: the highest
residue in a category, and the mean residue value for a category. In its EEB uses the
highest residue value Kenaga (1973) presented the following information for residues
per pound ai applied immediately after application and for six weeks after
application:
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immediately six weeks
after application after application
crop category highest typical highest typical
residue residue residue residue
ppm
Range grass (short) 220 125 30 5
Grass (long) 110 92 20 1-5
Fruit and vegetable leaves 125 35 20 <1
Forage crops (alfalfa, clover) 58 33 1 <1
Pods containing seeds (beans) 12 3 1.5 <0.1
Fruit (cherries, peaches, etc.) 7 1.5 1.5 <0.2

Kanega (1973) also recommended using the forage crop category for "small” insects and
10 ppm as the highest residue for " large" insects.

For granular materials, EEB assesses risks from ingestion of granules on the basis of
LD50s per square foot and/or based on residues in earthworms (see Section I11,
Appendices).

b. Aquatic. A variety of procedures for determining aquatic concentrations have been
used by EEB in the past and present. In this consultation request, EEB has focused
primarily on a model based upon a 10-acre watershed draining into a one-acre pond six
feet deep. Assessments also consider six inches of water as shallow edges of the pond, or
a. a-shallow wetland. This model includes drift from aerial applications (or mist blowers)
and runoff (including adjustments for any soil incorporation).

7. Explanation of avian LD50-insect scenario. This scenario was first used in EPA's consultation
request of September 30, 1988. Although EPA believes that the scenario is plausible and usable
under certain assumptions, EPA is aware that the explanation of the scenario and how it should
be approached was inadequate in the 1988 consultation. Further work has been done; much of
which simplifies the effort to obtain a resulting hazard ratio for listed birds or mammals.

Assumptions. It is important to note the assumptions for this model. EPA has taken a
conservative approach by developing a "typical worst-case scenario. Some species may fit all of
the assumptions, but most would need adjustments. These assumptions are:

a. The bird or mammal in question eats only insects that are sprayed directly with the
pesticide.

C-65



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

M)

)

b. Sprayed insects contain 58 ppm residues for "small insects” or 10 ppm residues for
"large insects™" (Kenaga 1973). Although-the actual weight of the insects is not important
to the development of hazard ratios; Ecological Effects Branch considers small insects to
approximate honeybees (100 mg) and large insects to approximate grasshoppers (0.5 g).

c. The single-dose LD50 laboratory data are applicable to a one-day LD50 type of
exposure. This assumption is seems reasonable for organophosphate insecticides and
many other compounds. However, reversible cholinesterase inhibitors, such as carbamate
insecticides, may allow a bird or mammal to recover from a high, sublethal dose, and
then ingest another dose without the full effects of the first dose carrying over.

d. The bird or mammal eats its daily average amount of food in a single day. This would
include birds or mammals that may eat most of their food in a very small period of the
day. It does not include a bird or mammal that may not eat for one or two days, and then
ingests several daily amounts in a single day. Considering that the method addresses
insect-eating animals, the latter seems unlikely to be a factor.

Method of determining hazard ratios

In the 1988 consultation, two formulae were presented:

number of 100 mg insects 1/10 lowest
needed to reach 1/10 of = avian LD50 X weight of bird
the LD50 weight of X ~conc.on X application
insect insect rate
# insects to insect
ingested insects as % = reach 1/10 LD50 X weight x 100
of body weight body weight of bird

Although not stated, it was our intent to indicate a "may affect” when the percent result in
(2) was less than the daily food consumption of the bird. Thus, if an Aplomado falcon
eats 7% of its body weight in a day, a "may affect” would exist where the result of (2)
was 7% or less.

Because the current consultation involves a number of birds and mammals and does not
consider only the highest application rate, it became obvious that a tremendous number
of calculations would be needed to provide the appropriate data. Therefore, we re-
examined the method and found that it could be simplified.

First, we define a hazard ratio for this approach to be:
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®)

(4)

®)

percent of body weight eaten daily by a bird

HR weight of ingested insects as a percent of body weight

To continue the Aplomado falcon example, if the bird could obtain 1/10th the LD50 by
ingesting 3.5% of its body weight in contaminated insects the hazard ratio would be 7%
divided by 3.5% (HR = 2).

Next, we found that the scenario is just as applicable to insect-eating mammals as it is for
birds. Although body weight data are available for a number of listed birds and mammals,
the amount of food ingested is seldom available. Therefore, we took a graph that
compared the body size versus the percent of body weight ingested daily for a variety of
birds and mammals and interpolated for various sized animals (see table below). Given
the data available to develop the graph, the curve became asymptotic at around 15 grams;
we determined not to extrapolate to the table beyond that point. Please note that EEB is
aware that birds require somewhat more food than an equivalent sized mammal due to the
metabolic differences, but we did not factor this into the method.

We then combined the three formulae above to derive an overall single equation:

1/10" LD50 x BW X ins.wt.  x 100
1 _ ins.wt. X conc. x appl. rate
HR BW

% BW eaten in one day

where BW = body weight; concentration is for small insects (58 ppm); and application
rate is fixed at 1.0 Ib ai/A. Note that the insect weight factors out, as does the weight of
the bird or mammal, but the latter must be kept in mind because the percent eaten change.
for various sized animals. For a 1.0 Ib/A application rate and using small insects with 58
ppm residues, this equation then reduces to:

BW eaten in one day
HR = 1/10" LD50 x 100
58

Using this information, we created a Table of Hazard Ratios (Section 111, Appendix D)
which allows one to estimate a hazard ratio for a 1 Ib/A application based on only the
LD50 and the size of the bird or mammal. To derive a hazard ratio for other application
rates, one needs simply to multiply the hazard ratio from the table by the application rate.
For evaluating birds and mammals that eat "large insects” (grasshopper size), the only
difference that residues are estimated at 10 ppm, rather than 58 ppm. Thus, the hazard
ratio for eaters of large insects can be determined by taking the hazard ratio from the
table and multiplying by 10/58, which can be approximated by dividing the hazard ratio
from the table by 6 (equals multiplying by 10/60).
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The table prepared only goes up to LD50 = 100 mg/kg, and body weight up to 2 kg. In
general, EEB reviewers agree that when the LD50 exceeds 50 mg/kg, it is more
appropriate to use a dietary LC50 scenario for birds. However, these kind of data are
generally not available for mammals. Therefore, the table was constructed up to 100
mg/kg to accommodate the available mammal data.

Please note that when the LD50 is 100 mg/kg, the hazard ratios are below 1 for all but the
smallest individuals, and barely exceed 1 for the small animals; when the LD50 exceeds
150 mg/kg, all hazard ratios are below 1. Birds and mammals with body weights above 2
kg are unlikely to be insect feeders and this method should not be used for other kinds of
feeders because the residue estimates would be radically different since residues are
based on the ratio of surface area to weight.

The table should not be used for reptiles or other taxonomic group™ than birds and
mammals. The latter are endothermic and much of their food consumption is utilized to
maintain their body temperature. Reptiles and other ectotherms consume far less, relative
to their body weights, and hazard ratios would be substantially overstated if the table is
used.

Food consumption for various sizes of birds and mammals

weight of animal Percent of weight Weight of food

eaten daily eaten daily (g)
10¢ >30 3
15¢ 27 4.0
209 22 4.4
309 17 51
409 15 6.0
509 13 6.5
809 11 8.8
100 g 10 10
2009 7.5 15
5009 5 25
1 kg 4 40
2 kg 35 70
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8. Evaluating effects on food supply for listed species. There are a number of situations where

use of pesticides may result in a lacing of food for a listed species. Although direct toxicity may
not be of concern, a lack of food may impact the species. Some endangered species are food-
because of specialized food habits, a lack of mobility, or other reasons. Many species are
limited by habitat or other non-food considerations.

For food limited species, we have used the same criteria for evaluating the toxicity of a
pesticide to an important food species for an endangered species, as it would if that food
species itself were endangered. Thus, in the case of the everglade snail kite, pesticides where
the environmental concentration exceeded 1/20 of the invertebrate (snail, if we have data)
LC50 would be expected to cause an effect on the apple snail and thus on the kite.

For species that are not food limited, there still may be concerns for the food supply, but not
to the same extent. It should not be necessary to protect individual' prey items from
pesticides, as is appropriate for food- species, but rather to protect the populations of species
that comprise the food of the endangered species. For a listed species that is mobile and is not
food- we have used 1/2 the LC50 (Hazard Ratio = 10 aquatic, 5 terrestrial) of the prey
species as the criterion that could impact the endangered species.

We have used this procedure for food species for which LC50, data exist on a suitable
surrogate. By far, its widest applicability will be when fish or aquatic invertebrates are
the food source or when the listed species of concern is a terrestrial predator. It cannot be
used in terrestrial situations where the food item is an insect or a plant because we do not
have the necessary type of data for the insects or plants.

At least as important for many (especially terrestrial] species is a consideration of the food
habits and the area treated. Some species are very restricted in their food items or their
mobility to obtain food. Others feed on a wide diversity of foods, or have the ability and
predilection to forage over large areas. A consideration should be given to the importance
in the diet of a particular affected food species and the toxicity to that species. Field crops
or rangeland may spread over large areas, reducing the food commensurately. Cabbages
and broccoli are typically grown in relatively small areas, thus increasing the opportunity
for foraging in untreated areas. When sufficient data are available to determine food
habits at the time of application, this should be done for pesticides used at known, specific
times.

In general, aquatic invertebrates (unspecified) are considered the food of concern for fish
species, unless a narrower diet can be identified. Presumably, protection of the aquatic
invertebrate food base for prey-fish also should provide protection for predatory fish; the
food supply of endangered predatory fish is not relevant because the hazard assessment
will apply the more stringent direct toxicity information to the listed predatory fish. In
other words, it does not matter to a predator killed directly by a pesticide that its food
supply is reduced. However, direct toxic effects on fish are a food supply concern for fish-
eating birds, etc.
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For terrestrial predators 5 including birds feeding on fish), the type of prey must be
considered, focusing on the taxonomic group (or for a few species, two groups) that
comprises the bulk of the diet. Presumably, loss of food supply in a minor component of
the diet should not be a problem if the major component is still available.

For insectivorous birds and mammals, food supply concerns center on the specific pray
insects and how they would be exposed to pesticides. A general spray is likely to kill
many food insects in a field. Then it remains a matter of whether the food lost in the field
is a concern, which relates primarily to the habitat and food habits of the individual listed
species. A granular pesticide, if not systemic, is likely to kill only soil invertebrates. A
systemic pesticide usually only kills sucking or plant eating pests, which many or may not
be food for a listed species. The limited available information suggest that the
concentrations of systemic residues in plants or in the insects that eat them will not be
sufficiently high to cause problems for listed species feeding on them (listed insects
excepted).

9. Additional evaluation approaches. EEB has developed two additional approaches to evaluate
granular products. These approaches, LD50's/sq ft. and earthworm residue models, are described
in SECTION I, APPENDICES 8. and C. respectively.
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EPA DOCUMENT 4

Test Guideline 425 - Up-and-Down Procedure
(PRESENTATION BY DR. STITZEL)

MARCH 22-24, 1999
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Test Guideline 425
Up-and-Down Procedure

Katherine Stitzel, D.V.M.
The Procter & Gamble Company

Overview
Based on staircase design
Dose single animals in sequence
Set initial dose at toxicologist’s best estimate of the LD50
Following each death (or moribund state), the dose is lowered
Following each survival, the dose is increase
After the first reversal, dose four additional animals following the up-and-down
design

Example
First animal dosed at 200 mg/kg and lives
Second animal dosed at 260 mg/kg and dies
Third animal dosed at 200 mg/kg and dies
Fourth animal dosed at 154 mg/kg and lives
Fifth animal dosed at 200 mg/kg and lives
Sixth animal dosed at 260 mg/kg and dies

LD50 =209 mg/kg

Protocol
Default dose progression is 1.3
Default is to use only females
Observe each animal 24 hours before dosing the next animal
Count all deaths including delayed deaths and humanely killed
Observe for 14 days - record weekly body weights, all clinical signs and gross
necropsy results

C-73



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

Options
* Initial dose based on all available information
» Most sensitive sex should be used
» LD50 can be confirmed in opposite sex
» Dose progression can be adapted
» Observation period between animals can be increased
 Limit study described

Study Outputs
» Test substance, vehicle, test animals, test conditions
 Individual responses including nature of signs, time of onset, severity, duration
and outcome
» Time course of reversible signs
» Gross necropsy results, histopathology if warranted
» Calculated point estimate of LD50

Calculations
» Based on staircase design
» Uses maximum likelihood method to calculate LD50
» Can be run with SAS or BMDP program
» Slope is assumed and not calculated

First Test Evaluation
 First proposed by Bruce, based on Dixon’s design
» Reviewed 48 standard LD50 studies
average value of s was 0.121
85% of animal died within 48 hours
Males more likely to have higher LD50 values
» Simulated 10 studies - LD50 agreed closely

First Validation
» Conducted 10 tests in parallel with 401
» Excellent agreement with 401 standard except
 potassium hydroxide a material that produced delayed deaths
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Second Validation
» Conducted 5 tests in parallel with 401
o Compared results from females in both methods
» Excellent agreement with 401 standard

Third Validation
» Conducted 10 tests in parallel with 401 and FDP
» FDP sighting study was used
» Compared results from females only
» Excellent agreement with 401 standard except mercuric ClI
* 401 method - 160 mg/kg
 UDP - 12 mg/kg
» Textbook (Gosselin 1984) - 37 mg/kg

« Summary of Classification Results Using EU System
» Twenty-Five Test Materials:
e Twenty-Three Identical to 401
« Two more Stringent

Strengths
» Reduced Number of Animals
e Point Estimate of LD50
» Meets all classification systems
» Death as an Endpoint
» Similar Observations as 401
Weaknesses

 Slope is given not calculated

» Females only, males may be added
 Arbitrary upper limit of 2000mg/kg
» Not suitable for delayed toxicity

* Not suitable for inhalation studies
 Increased test duration
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Results of First Validation (Bruce)
Results of Second Validation
(Bonnyns, et al.)
Results of Third Validation (Yam, et al.)
Statistical Procedure
Likelihood of experimental outcome = L (given m s, and n)

L =1 - F(Z) if the i" animal survived or
Li = F(Z) if the i" animal died
Where Z = [log(d;) - n] s/;

m= log LD50; and
F = cumulative, standard normal density
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EPA DOCUMENT 5
The Proposed Revision of Guideline 425" Primary Procedure" for
Point Estimation of the L D50: Rationale for Design and Statistical
Analysis, and Simulation Studies

MARCH 10, 2000
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The Proposed Revision of the Guideline 425" Primary Procedur €'
for Point Estimation of the LD50: Rationalefor Design and Statistical
Analysis, and Simulation Studies

Prepared for Review of Proposed Guideline 425 Revisions by the
Interagency Committee for Validation of Alternative Methods (ICCVAM)

David Farrar (USEPA), March 10, 2000

A Guideline 425 is being proposed for evaluation of mammalian acute toxicity to satisfy OECD
member requirements. A previous version was examined together with several other OECD
guidelinesin March 1999. Revisions were undertaken as part of ageneral effort to address
statistical issues and improve performance of the procedure. Elements of the Guideline 425
include a dose progression factor, the number of animals tested at each time and dose, and a
formula and procedure for toxicity estimation. Proposed revisions as included in the proposal
before the Panel include an increased dose progression factor, an increased slope value assumed
in the estimation procedure (but aslopeis still assumed), use of a likelihood-based stopping rule,
and explicit language to ensure that test doses do not progress beyond a specific experimental
range.

The following text develops a number of issues for consideration by ICCVAM. In addition, we
we refer to ICCVAM the following overarching question: |s the most appropriate course of
action to (1) use the guideline without the modifications proposed; (2) use the guideline with the
revisions proposed; or (3) delay further use of the guideline until critical issues (to be identified
by ICCVAM) can be resolved?
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1 Statistical Rationale for the Primary Procedure
1.1 Design
1.1.1 TheDixon-Mood procedureas modified for arestricted range of test doses.

The basic procedure of Dixon and Mood is adequately described in the Guideline so the
description will not be repeated here. Appendix | of the Guideline defines some terms used here,
in particular reversal, and nominal sample size. We follow the Guideline in using the term
progression factor to denote the ratio of successive test doses.

We propose to restrict the test doses to values not exceeding 2000 mg/kg or 5000 mg/kg,
depending on the regulatory context. In addition, in practice it will be appropriate to establish a
lower bound, which may depend on the test substance: “ Setting of lower bounds may need to
include consideration of the ability to accurately dilute the test material.” It isimportant that
modifications of the procedure associated with bounding the range of test doses not “clash” with
other features of the procedure, such as stopping rules or procedures for statistical analysis. We
think this has been reasonably well confirmed by Monte Carlo simulations in which the true

L D50 was varied, including LD50 values beyond bounds of 1 and 5000, and removed to various
degrees above or below those bounds.

The essential procedure for restricting the range of test doses was suggested in discussions with
Procter and Gamble. The stepping ruleis similar to the rule for the unrestricted procedure,
except that steps are among afinite set of permitted doses. Here we use the term dose
progression (or just progression) to denote the set of permitted test doses ranked from smallest
tolargest. Also, let L (for lower) denote the lowest permitted dose and let U (for upper) denote
the highest permitted dose. (Thus U=2000 mg/kg or 5000 mg/kg.)

It is proposed that the dose progression will comprise doses that could be tested with the basic,
unrestricted procedure, except that (1) doses below L or above U are excluded; (2) L and U are
included in the progression, although this may result in a progression for which some successive
doses differ by afactor not equal to the progression factor; and (3) doses can be excluded if they
are permitted by the unrestricted procedure and strictly within the bounds, but considered too
closeto L or U, relative to the progression factor.

The proposed “default” set of test doses (to be used at least when thereislittle prior information
about the LD50) isto be“1.75, 5.5, 17.5, 55, 175, 550, 1750, 2000, or, for specific regulatory
needs, 5000 instead of 2000.” The default initial test dose isto be 175 units. Note that while the
progression factor for this sequenceis 3.2 (equal to 0.5 in thelog,, scale), the two highest doses
may differ by afactor of 2.86 (=5000/1750) or 1.14 (=2000/1750).

When some prior estimate is available for the LD50, it is proposed that the initial test dose
should equal the prior estimate, divided by the progression factor. That approach isjustified on
the grounds of reducing suffering (because then testing tends to be concentrated below the
LD50). Also, when the dose response curve is shallow there is some tendency for the estimate of
the LD50 to be biased in the direction of theinitial test dose. If abias of thistype occurs, and if
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theinitial test dose is selected below the LD50, the bias will be in the direction of alower LD50
estimate.

Also, the stepping rule (the rule for determining the next dose, given results for the current dose),
must be modified to accommodate restriction on the range of test doses. We have proposed that
if the current test dose is strictly within the range of permitted doses (greater than L and less than
U), the stepping ruleis as for the unrestricted Dixon-Mood procedure except that steps are to
adjacent doses within the progression, so that the ratio of successive test doses does not
necessarily equal the progression factor.

If the current doseis U and the subject does not respond, we propose that the next dose tested
will also be U, else the next dose tested will be the dose just below U in the progression (e.g.,
3200 in adefault progression with U=5000). Similarly, when the current doseisL and thereis
an adverse response, the next dose tested will also be L, otherwise the next dose tested will be
the dose immediately above L in the progression.

1.1.2 Rulefor stopping testing at a bounding dose.

According to the procedure just described, if the response probability islow at U (which occurs
if the LD50 is much larger than U relative to the slope) or if the response probability ishigh at L
(the LD50 much smaller than L’ srelative to slope) the bound value may be tested many times,
unlessthisis prevented by a special rule. We propose that if the dose U istested three timesin
sequence without a response then testing is stopped. Similarly, three testsin arow at doseL,
with each of the three animals responding, resultsin the study being stopped.

There has been some discussion of how the LD50 should be estimated when testing is stopped
based on thisrule. One option isto decide in these cases that the LD50 is beyond the bound (<L
or >U). This approach has been adopted in simulations. An estimate based on the probit model
might or might not generate an estimate outside the bounds.

1.1.3 Useof aprogression factor of 3.2.

Therelatively large progression factor (3.2) was adopted based on discussions with Proctor and
Gambel. It isthought that arelatively large factor is advantageous in situations involving little
prior information, because that allows for the range of test doses to traversed in arelatively small
number of steps. We also believe that arelatively large factor is appropriate when the dose-
response curve is shallow, atype of situation of particular concern.

However it seems that, when there is actually a good prior estimate of the LD50, the use of a
relatively coarse grid of test doses will result in some loss of accuracy. We believe that, in
general, the up-and-down procedure cannot distinguish between LD50 values that differ by a
factor lower than the progression factor. In particular, when the dose-response relationship is
steep, most individuals may have tolerances between two test doses. In those cases testing may
aternate between a dose with low response probability and a higher dose with high response
probability. We have observed in smulations that as the probit slope is made more steep, the
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estimates tend to converge on a set of values separated by afactor equal to the progression
factor.

It appears that the selection of a dose progression factor involves striking some balance between
different types of statistical effects. Noordwijk and Noordwijk (1988) provide an analysis of
different types of biasin up-and-down testing, which appears to be useful in this context.

1.1.4 Variantsof Up-and-Down testing.

We mention two variants of the up-and-down procedure which may be advocated but which have
not been made the principal focus of the evaluation: (1) The dose progression factor may be
varied within asingle study. (Most likely, theinitial step sizein astudy would be doubled or
halved.) (2) More than one animal may be tested per step (e.g., Hsi, 1969). Both of these
options have been investigated in some preliminary simulations, which were not organized into
reports and distributed.

Neither of these approachesis dismissed. Increasing the number of animals tested per step can
beneficial, by decreasing the number of steps and thus decreasing the duration of the study. If
the study is carried out over too long a period in time, maintenance of experimental control may
be difficult. For example the animals age and experimental conditions may drift. In particular,
more animals may be needed for designs to estimate the probit slope, so such designs may need
to involve multiple animals per step. It has also been pointed out that a design with multiple
animals per step may be helpful in the event of an “outlier,” as discussed in the section below on
outliers.

However, if theinitial test dose is poorly chosen, the result may be an initial series of results of
the same type (either all response or all nonresponse). Then, if more than one animal istested
per step, the result can easily be an increase of the numbers tested by 3 or 4, with little
information added. That increase would be a substantial percentage increase relativeto a
baseline of 6 animals (or afew more) per test. It may be desirable to increase the number per step
only after a reversal has occurred.

In principle, it seems that the step size can be decreased when there is some indication that the
up-down sequence has converged to the vicinity of the LD50 (e.g., after areversal). Options that
involve avariable progression factor were not a significant focus of the evaluation, because the
primary concern has been the poor performance of the procedures when the dose-response curve
isshallow. With a shallow dose-response, we think it is generally better for the dose-progression
factor to berelatively large. Some early simulations (not developed into areport) considered the
possibility of changing the progression from 0.5 to 0.25 (in the log scale). The results of those
simulations actually suggested worse performance, relative to use of the same number of
animals and a uniform progression factor of 0.5. In view of the concern for shallow-slope
situations, more promising may be an approach in which the progression factor ranges up to 1.0.
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1.2 Analyss
1.2.1 Useof the probit dose-response model.

The statistical procedures proposed are based on the probit model, for which the parameters are
the LD50 and the slope. The probit model is customarily described in terms of a “tolerance
distribution.” It is supposed that each individual has a“tolerance” dose, which is the lowest dose
that will affect that individual adversely. For the probit model, the tolerances are assumed to
have alog-normal distribution. For some purposesit is more convenient to choose as
parameters m=log,,L. D50 and sigma = 1/ slope. Then, inthe log scale (base 10), the mean of
the tolerance distribution is m and the standard deviation is sigma.

Some scientists will advocate consideration of alternatives to the probit model. In particular, the
logit model, like the probit model, assumes a tolerance distribution that is symmetric in the log
scale. Thelogit model would assume a higher proportion of individuals with relatively extreme
sensitivity, and also more animals with relatively extreme lack of sensitivity, relative to the
probit model. We do not hold that the probit model is the only possible dose-response model for
analysis of acute test data, but exploration of alternatives was not considered the highest priority
in the context of review of Guideline 425. Therefore we have relied on the probit model, which
is conventional in toxicology.

1.2.2 Useof an assumed value for the probit slope.

In standard probit analysis, the two parameters of the probit model (the slope and the LD50) are
both estimated from the data. The current guideline indicates that the LD50 will be estimated,
with avalue of 2 assumed for the slope. The review by Dixon Associates emphasizes that the
same feature of up-and-down testing which makes the procedure work well for estimation of the
L D50, namely that the approach concentrates the test doses close to the LD50, will tend to make
the approach work poorly for estimating the slope.

Actually, in standard probit situations, it is sometimes not possible to estimate the slope. In
particular, we do not have information on how well Guideline 401 performs for estimating the
slope.

When evaluating variants of the up-and-down procedure, we have usually assumed the same
value for sigma as used (in the log scale) for the step size. In particular, we use a step size of
0.5inthelog scale, and we use the same value for sigma when estimating the L D50 by
maximum likelihood. It isknown that the optimal choice of a step size for estimation of the
LD50 is approximately sigma (see Dixon Stat. Assoc. 1991). However, application of that
principle involves using information on slopes to select a step size. Here the choice of step size
is not based primarily on information on the slope. Simulations suggest that in some situations
results may be sensitive to the value assumed for slopes.

The use of an assumed slope is afeature of the study by Lipnick et al. (1995). That study is

significant in the development of Guideline 425. In analyses with up-and-down data for specific
chemicals, Lipnick et al. found little sensitivity of the LD50 estimate to the assumed value of
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sigma, for sigma as high as 0.25 (slope aslow as 4). Such comparisons with real data are
highly desirable; however, the question always arises whether the data used will adequately
cover the range of situations encountered in practice.

At present, no strong case can be made that default statistical calculations should assume some
value for sigma, or that they should assume the value 0.5 in particular. The strongest case that
can be made is that such an approach may result in acceptable accuracy for estimating the L D50.
We have not conducted areview of alternative approaches, except that limited evaluation has
been conducted for a simple dose-averaging estimator.

1.2.3 Lack of aconfidenceinterval for the L D50.

Thetraditional “fiducial” interval in probit analysis requires, as an intermediate computation, the
fitting of the 2-parameter probit model, including estimation of the slope. We suppose that the
standard interval can be adapted to the situation where the avalue is assumed for the slope. That
approach was not pursued because it was decided that the uncertainty in the LD50 depends on
uncertainty in the slope, and may be underestimated when a slope value is assumed. At present
no confidence interval is proposed for the LD50. Some consideration may be given to intervals
based on likelihood (see Meeker and Escobar, 1995), a Bayesian approach, or some other
approach to be identified.

1.2.4 Viability of a Bayesian approach to uncertainty in the slope.

In the long run, the possibility of handling the slope parameter based on Bayesian procedures
should not be dismissed. For the slope parameter, this approach would combine the limited
slope information from a specific study with external information, in the form of a prior
distribution for the slope based on historical information. For the LD50, the prior would most
likely be chosen to be relatively flat so that the estimate would be determined primarily by the
data from the study, and little affected by the prior.

A Bayesian procedure may be particularly viable in this situation because (1) the datafrom an
up-and-down study will often contain little information on the slope, for which an inferenceis
nevertheless required if a parametric estimator is used; (2) agood basis (historical information)
may exist for choosing a particular prior for the slope; and (3) external information would be
used primarily for the slope, which for the primary procedure is a nuisance parameter rather than
aparameter of direct interest. These features of the situation may allay objections to the
introduction of external information. The approach would yield the Bayesian version of a
confidence interval for the LD50.

1.25 Useof maximum likelihood, and measur ement of statistical infor mation.

Within the context of an assumed probit model, the proposed statistical procedures are based on
likelihood (in the technical meaning of that term in statistics). In particular, the point estimate of
the LD50 is taken to be the maximum-likelihood estimate (MLE), which is the dose value for
which the likelihood is highest. Maximum-likelihood is usually viewed as the basis for
estimating the LD50 parametrically, for conventiona probit analysis as well as for up-and-down
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testing. Thelikelihood we useisidentical to that for conventional probit analysis for the 2-
parameter probit model, except that the slopeisfixed at 2 (sigma isfixed at 0.5), so that the
likelihood is afunction of the LD50 only.

Somewhat less widely known than maximum-likelihood estimation is the closely related concept
of statistical information, which we invoke to justify a particular type of stopping rule. This
concept can be explained as follows. Note that the MLE exists when the likelihood function has
apeak. Conversely, in the extreme case where the data is completely uninformative regarding a
parameter of interest, the likelihood isflat. More generally, the curvature of the likelihood in the
vicinity of the MLE is regarded as measuring the information the data contain, regarding a
parameter of interest. The text by Edwards (1972) may be helpful with regard to these concepts.

In statistics, information is usually quantified using second order partials of the log-likelihood.
We have used asimple ratio of likelihoods comparing the likelihood at an estimate of the LD50
to values fixed factors above and below that estimate. The resulting computations are easily
carried out in a spreadsheet.

1.2.6 How test performance depends on the probit slope.

Simulations suggest that the most important influence on test performance is the steepness of the
dose-response curve (e.g., magnitude of the probit slope). Steeper dose-response curves are
generally associated with better performance. This can be seen as a case of ageneral statistical
principle, which is that when the data are more variable, more data are needed to achieve a given
statistical precision or power. Inthiscontext it is useful to note that the slopeisinversely related
to sigma, which is the standard deviation of log tolerances. Of somewhat less importance than
the slope is the choice of an initial test dose. The choice of an initial test dose is more important
when the slope is shallow.

In analyses conducted for OECD, it has become customary to consider sigma values of 2, 1.25,
0.5, and 0.12 (or dlope values of 0.5, 0.8, 2, and 8.33). (It can be helpful to consider some
additional slope values in order to characterize the relationship between the slope and test
performance.) In simulations we find that, despite considerable efforts to improve test
performance, this range of slopes includes values for which the primary procedure will perform
poorly. We suggest that as arule the performance of the primary procedure will tend to break
down when the slope is lower than some value in the range 2-3.

Given the spacing of category boundaries in the acute oral classification, it seems reasonable to
be able to estimate the LD50 within afactor of 2. In simulations with LD50=600 units, initial
test dose of 60 units, and our proposed likelihood-ratio stopping rule, it was found that there
would be a 90% chance of an estimate within afactor of 2 of the true values, only if the slopeis
2.6 or higher (Table 2 in the Feb. 24 simulation report). 1f the number of test animalsis kept at
15 (the Guideline 401 requirement) or lower, it is probably not possible to reliably estimate the
LD50 within afactor of 2, for the full range of slope values 0.5-8. If the up-and-down procedure
is used with afixed nominal sample size of 15, aslope of 2 or higher isrequired for a 90%
chance of an estimate accurate within afactor of 2, for the scenario described above.
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1.2.7 Rationalefor a stopping rulewith avariable nominal sample size.

Simple versions of up-and down testing called for termination of the experiment after afixed
number of animals have been tested, counting from the reversal. (Thus, the nominal sample size
is fixed while the actual number tested may vary somewhat.) At the start of our evaluation, our
“working” version of up-and-down testing involved afixed nominal sample size of 6 and a step
size of 0.5. Here, denote this approach SUDP/6/0.5, SUDP stands for simple up-and-down
procedure.

SUDP/6/0.5 performs poorly in some situations, in terms of the bias and/or variability of
estimates. Specifically, situations involving low slopes are problematic, particularly if the initial
test doseis far from the true LD50. Use of this procedure therefore assumes that such situations
are relatively uncommon in practice. To obtain reliable results in these situations would require
testing of more animals. Unfortunately, it isdifficult if not impossible to know when oneis
actually in thistype of situation. A possibility would be simply to increase the nominal n "across
the board.” However, that would be wasteful for the situations where the procedure already
performs well.

SUDP/6/0.5 keeps the number of animals tested fairly constant, while performanceis variable
(depending on the slope and starting dose). The purpose of an aternative stopping rule would be
to reverse this situation: We would hope for the performance to be uniformly comparable to
performance of SUDP/6/0.5, and somewhat better in the problematic situations. In situations
where SUDP/6/0.5 performs well, an alternative should also perform well, without substantial
increase in the numbers of animalstested. However, it is reasonable that the number of animals
tested should go up where SUDP/6/0.5 performs poorly (situations which, we hope, are relatively
uncommon).

We have developed a specific, ssmple stopping rule that appears to have the characteristics
suggested. According to the approach proposed, the nominal sample size may vary from study
to study, subject to a requirement that the maximum number of animals tested will not exceed 15
inagiven study. (This constraint refersto the actual number tested, not to the nominal sample
size.) Ineffect, testing is stopped based on a measure of statistical information, rather than based
on acount of test units, as explained in more detail in the section following. The approach is
simple enough to be easily implemented in a spreadsheet program, as indicated in a Guideline
appendix. We have prepared a spreadsheet program using Microsoft ©Excel. To use the
program, the user should need to do little more than enter the dose-response information as it
accumul ates.

With the approach proposed, performance is till poor in situations involving very low slopes,
although much better in those situations than SUDP/6/0.5. However, it is probably unrealistic to
hold that any up-down procedure will work well with such low slopes and at the same time keep
the numbers tested at the low levels which give good performance in more "ordinary™ situations.
(What isreally needed to address the possibility of very low slopes may be some crude
information on the slope, e.g., abound.)
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In principle, it is better to design a study to achieve afixed statistical error, rather than based on a
fixed number of experimental units. If a confidence interval were available for the LD50, a
reasonabl e approach might be to stop when the upper bound and lower bound differ by some
factor (e.g., if the lower bound is not more than the lower bound times 4). However, in the
context of simple up-and-down testing a confidence interval is not currently available.

In cases where 15 animals have been tested and the proposed stopping ruleis not satisfied, it is
proposed that testing will stop. Such an outcome may indicate an estimate of low reliability,
because of a shallow slope and/or a poor choice of initial test dose. However, in simulations we
find that in those situations, the stopping rules are often satisfied when fewer than 15 animals
have been tested.

As amatter of policy we seek an approach that will work uniformly well for awide range of
slopes. We suggest that it is preferable not to depend on an argument such as “the test will
probably work well in practice because situations where the procedure works poorly are
expected to be infrequent.” While any statistical procedure will have some frequency of false
positives and false negatives, it is preferable for the error rates are to be kept uniformly low for a
wide range of situations.

1.2.8 Theproposed likelihood-ratio stopping rule.

Based on likelihood theory we expect that as data accumulates, the likelihood will display a more
clearly defined peak. The maximum-likelihood estimate (MLE) of the LD50 or other parameter
is the value where the likelihood is highest. Asdiscussed, it isrecognized in likelihood theory
that the information available from the data can be measured based on the curvature of the
likelihood function, close to the MLE.

We measure curvature using likelihood ratios, which compare the likelihood at an estimate of the
LD50 to likelihoods above and below the LD50, by factors of 2.5. Higher likelihood ratios are
taken to indicate that the L D50 estimate is more strongly supported by the data, relative to values
distant from the estimate. (It isrecognized in likelihood theory that likelihoods are compared via
ratios, i.e., log-likelihoods are compared by differences.) Testing stops when both likelihood
ratios achieve acritical value of 2.5. The stopping rule is not evaluated until the nominal sample
Sizeis®6.

This approach suggests that the estimate of the LD50 should be the MLE. However, the MLE
requires iterative computations. In order to achieve more simple computations, we have
substituted an alternative estimator, which can be termed a “dose-averaging estimator.” Thisis
simply the geometric mean test dose, calculated over the nominal sample (cf. Brownleeet al.,
1953). (The number of dose values averaged is the nominal sample size)

Close analogies can be drawn between the approach and other approaches:
1 The possibility of using a stopping rule based on some measure of information has been

suggested previously for sequential designs, if not for the up-and-down procedure (Armitage,
1991).
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2. The possibility was mentioned above of a convergence criterion based on the width of a
confidence interval. A certain type of confidence interval is based on likelihood ratios of the
type suggested (see Meeker and Escobar, 1995). That approach would be very computationally
intensive, as it would require aline search for parameter values above and below the MLE for
which acritical likelihood ratio is attained precisely. The approach can be simplified by noting
that (at least if the likelihood is unimodal), requiring that the confidence bounds fall within a
given factor of the MLE is equivalent to requiring that the critical likelihood ratio is exceeded,
for values separated from the MLE by that factor. The latter isthe approach proposed here.

In practice likelihood-based tests and bounds usually rely on asymptotic results. Those results
might be questionable in our situation because of (1) the use of an assumed slope value; and (2)
small sample sizes. Therefore if asymptotic results are used, it may be desirable to confirm their
accuracy using simulations. However, it seems more straightforward to use simulations to justify
acritical likelihood ratio directly.

1.2.9 Stopping based on “perfect alternation” of response and non-response.

We propose that testing can be stopped when the nominal sample size reaches 6, without
evaluation of the likelihood-ratio rule, provided that there have been 5 reversals between
response and non-response, with the nonresponses at a dose lower than the responses. We
believe that in practice such an outcome will most often represent a situation where testing
alternates between a dose with low response probability and a dose with high response
probability, so that the LD50 is between the two doses. Also, the criterion will sometimes
simplify the conduct of the study because the likelihood-based rule will not need to be evaluated
in some cases.

We have not evaluated the frequencies of such perfect alternations when slope values are very
low. Also, it ispossible that the procedure will work well if, say, testing can be terminated if 4
reversals occur in anominal sample size of 5, or 4 or more reversals occur in a nominal sample
size of 6, and so on. These possibilities have not been evaluated.

1.2.10 Justification for numerical parametersin the stopping criteria.

The stopping criteria that we suggest involve several numerical parameters, which can
potentially be adjusted to improve the performance of the procedures, in terms of better precision
and/or fewer animals tested. These parameters include the maximum number tested (15), two
parameters of the likelihood-ratio rule (both currently set at 2.5), the assumed slope (2), therule
for stopping at a boundary (3 of same responsetype at L or U). No strong justification can be
provided at thistime for the specific values we have proposed: We believe that simulations
indicate that, taken as awhole, our procedures will result in improved performance. However,
we cannot say at this time that other choices would not result in equivalent performance or better
performance.
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Before setting the maximum number tested at 15, we used a maximum of 25. Use of a maximum
of 25 was felt to substantially increase in the numbers tested in some situations, with marginal
improvement in accuracy.

A formal approach for optimizing the parameters of the stopping criterion would require
assumptions regarding the relative value of increasing precision, versus reducing numbers tested.
There would be no strong basis for any specific numerical weights for these two types of criteria.
However, it could happen that some choices of parameters may simultaneously increase
precision and lower the numbers tested. Therefore there may be some value in conducting a
formal optimization in which equal weights are assumed (in some scale) for precision and
numbers tested, despite the fact that the approach would involve some arbitrariness.

The following may be considered. First develop response surfaces that relate measures of
precision, and also relate the numbers tested, to the probit slope and to the parameters that can be
manipulated. For example, let f(sope,q) denote the probability that the estimated L D50 will be
within afactor of 2 of the true value, where q denotes parameters that can be manipulated. Let
g(slope,q) denote the expected number of animals tested. Formulae for f and g can be obtained
by fitting curves to output of Monte Carlo simulations, involving various combinations of the
slope and g. Having developed the surfaces f and g, determine the value of q that minimizes an
objective function such as

w; | £(1,0) - 0.9+ w;, | g(4.0) - 6]

where w, and w, denote relative weights for precision and numbers tested. This expression says
that the target precision is an LD50 estimate that is accurate within afactor of 2, with 90%
probability, when the slopeis 1 (alow value) and that the target for animal testing is an average
of 6 animals when the slope is 4 (a moderately low value). The minimization of the objective
function would probably involve a numerical approach. If the g that minimizes the objective
function results in better precision as well as fewer numbers tested relative to the current
proposal, that choice would represents an unambiguous improvement.

1.2.11 Outliers.

There has been some concern among scientists regarding whether the simulation models
adequately characterize how the performance of the procedure may be affected for the range of
events that may occur in actual lab situations, when the numbers tested are drastically reduced.

To address this kind of concern, an “outlier scenario” has been simulated: The initial test was
assumed to be below the true LD50 (here 750 units) by afactor of 10 or 100, and the first animal
tested was assumed to respond, regardless of the probability of response calculated from the
probit model. Theideaisthat such an event could result from background mortality,
mishandling, or administration of an incorrect dose. (We hope these kinds of events are rare, but
even so we would like the procedures to be robust if they occur.) The question is whether the
simple up-down procedure can recover in this type of situation to give an accurate estimate, with
appreciable probability.
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It appeared that with the scenarios simulated there was practically no chance of areasonable
estimate using the up-and-down procedure with a fixed nominal sample size of 6. Performance
was substantially improved by adoption of either of two stopping rules that allow a variable
nominal sample size, the rule proposed and a rule based on the number of reversals.

It could be desirable to consider some additional outlier scenarios. It could be argued that the
possibility for outliersis limited because the up-and-down converges rapidly to the LD50: A test
cannot be an outlier unless the dose is far from the LD50.

While the use of the new stopping rules appeared to be helpful in this situation, other solutions
may also be considered. In particular, it has been suggested that use of more than one animal per
step may be helpful. An outlier resistant version of the dose averaging estimator could be
developed by using medians instead of averages. One might use the following estimator:
(A+B)/2 where A is the median dose for responding animals and B the median dose for non-
responding animals. Finally, the stopping criteria could include a requirement that the average
dose for responding animals must exceed the average dose for non-responding animals
(geometric averaging would be used).
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2. Simulation Results
2.1 Classfication probabilities plotted against L D50 and slope

The following is abbreviated from a document distributed on March 6, 2000. The graphs
attached display the probability of correct classification, as well as the probability of each kind of
miss-classification (under protective or over protective classification), as a function of the LD50.
A separate line is used for each of the standard slopes. The simulations follow the default
procedure indicated in the Guidelines, with an initial test dose of 175 units, a minimum test dose
of 1 unit, amaximum test dose of 5000 units, and use of alikelihood-ratio stopping rule. As
with all the simulations conducted for this report, a probit model is assumed.

Unfortunately, it appears that when a chemical is miss-classified, it will be more often assigned
to aless-toxic category than to a more-toxic category. The only explanation that comes to mind
isthat thisis bad luck having to do with the relationship between the initial test dose and the
category boundaries. It should be noted that the precision of the up-down procedureis limited
by the dose progression factor (here 3.2). In particular, in steep-slope situations, the MLE may
be the geometric average of two test doses which differ by afactor of 3.2 and may straddle a
category boundary. Therefore, chemicals with LD50s within certain intervals may be
consistently over classified or consistently under classified.

There would be some justification for additional simulationsin which the initial test dose varies

from 175 units. Such asimulation will be undertaken, tentatively with doses shifted by 0.25 log
units, specifically 1.75, 5.5, 17.5, 55, 175, 550, 1750, and 5000 units.
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2.2  Monte Carlo comparison of three stopping rules and two L D50 estimatorsfor the
primary procedure

The following is abbreviated from areport distributed on February 14, 2000.

The scenarios assumed for these simulations (starting dose, slope, and LD50) are not the standard
scenarios used in recent OECD work, or the current default guideline approach. The LD50 is
assumed to equal 600 units and three choices of initial test dose are considered (6, 60, and 600
units). Thisdiffersfrom the OECD practice, which isto use the LD10, LD50, and LD80 as the
initial test doses. The slopes evaluated include the standard OECD selections as a subset.
Performance is evaluated based on several “performance indices’ which are calculated from
Monte Carlo output. In particular, we focus on the probability of an estimate that iswithin a
factor of 2 of the true LD50 value.

In addition to an initial test dose of 600 units, the simulations deviate from the Guideline default
scenario in that the dose of 3200 was not included in the dose progression.

221 Estimatorsof the LD50

Estimates of the LD50 were cal culated using two procedures: (1) The maximum likelihood
estimate was cal culated assuming a probit slope of 2 (denoted MLE(2)). (2) A "dose
averaging"estimator (DAE) somewhat similar to the proposal of Brownlee et al. (1953): The
LD50 estimate is the geometric average dose, for animals tested at the reversal and subsequently.
(The number of values averaged is the "nominal sample size.")

While the DAE uses only the animals in the nominal sample, the MLE uses results for all animals
tested. For the DAE, it seemed sensible to allow for a string of responses or non-responses before
the reversal, in case of apoor choice of initial test dose. For the MLE, there is no apparent harm
from including such observations: They contribute some (but probably relatively little)
information.on the LD50.

Where the MLE(2) is outside the permitted range of test doses (below 1 or above 5000), it is
assumed that the point estimate is not used and that the experimenter only concludes that the
LD50 isbelow 1 or above 5000.

2.2.2 Stopping Criteria Evaluated.

Three stopping criteria have been evaluated. These are denoted #1, #2, and #5. Thegapin
numbering is aresult of dropping two criteria considered in a previous document.

The following features are common to each of the criteria. (1) There isamaximum number of
animalsthat can be tested, here set at 15. (2) Testing always stopsiif thereis a " perfect
aternation” of response and non-response for the first 6 animals in the nominal. (3) Testing is
stopped if 3 consecutive tests at a dose of 1 unit (or another lower bound) all yield responses, or 3
consecutive tests at 5000 units (or another upper bound) result in no responses.
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The stopping criteria are evaluated after each test, provided that the nominal sampleis 6 or more.
Therefore the number tested isaways 6 or more.

Criterion 1 (Based on fixed “nominal” sample size). After the reversal, 4 additional animals are
tested. The"nominal sample size" is®6.

Criterion 2 (Based on number of reversals). A stopping rule based on number of reversals was
considered because the approach is simple, and has been proposed previously. For the version
implemented here, testing stops after 5 reversals. The basis for the value of 5 isthat in the most
favorable situations, 6 test animals will tend to represent 5 reversals, i.e., thereis “ perfect
alternation” between response and nonresponse.

Criterion 5 (LR rule with default slope of 2). Thisisthe rule described in the current guideline.
2.2.3 Performance Statistics

Having ssimulated alarge number of studies (here 5000) for a given scenario, and estimated the
LD50 for each ssimulated study, statistics are calculated that characterize the performance of the
procedure in terms of (1) whether or not the LD50 estimates tend to be close to the true value of
the LD50; (2) whether or not the procedure tends to correctly classify a chemical with agiven
LD50; and (3) the number of animalstested. This section describes the statistics calculated and
documents notation used in output.

Statistics calculated for numberstested. For numbers tested | report mean number, the 95th
percentile (denoted P95), and the percent of studies for which the number tested is the maximum
(here 15).

Statistics calculated for estimates of the LD50. The following are calculated for each scenario,
and separately for two estimators of the LD50 (MLE(2) and DAE). These results are reported
only for “My” scenarios.

P5, P50, P95. These denote the 5th percentile, 50th percentile (median) and 95th percentile of the
distribution of LD50 estimates for a given scenario. These provide a characterization of the
distribution of LD50 estimates.

% inrange. Thisisthe percent of simulated studies that resulted in a point estimate of the LD50
in the range 1 unit to 5000 unit. "Out of bound" estimates resulted from either (1) stopping the
experiment after repeated nonresponse at the upper bound, or repeated response at the lower
bound; or (2) an MLE(2) outside the range 1-5000 units.

P50/ LD50 (index of bias) Bias represents atendency of estimatesto fall below the true value
with some degree of consistency, or else above with some consistency. If thisratio equals 1, then
exactly 50% of estimates fall below the true value and exactly 50% fall above. Thus values close
to 1 are desirable, indicating unbiasedness. A value below 50% indicates that most estimates fall
below the true value, etc.
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In the log scale, the statistic is approximately equal to the biasin the strict sense of the term in
statistics (the difference between the mean estimate and the true value), for atolerance
distribution that is symmetric in the log scale.

P95 / P5 (index of spread). Asanindex of the spread of the distribution | use the ratio of the 95th
percentile to the 5th percentile. Small values are desirable provided they are not combined with
too high bias.

For alognormal distribution, and perhaps for some other distributions, thisindex has asimple
relationship to the log-scale standard error.

These indices of bias and spread are not scaled to be comparable, e.g., do not allow oneto
directly assess whether bias or variance contributes more importantly to the error of estimation.

PF2. Thisisthe percent of estimates that fall within afactor of 2 of the true LD50, i.e., the
percent of estimates that satisfy L D50/2 ceestimate od_D50* 2. (PF2 stands for Percent within
Factor of 2 of true value.) Note that thisindex combines bias and precision. The index ranges
between 0 and 100%, values close to 100% indicating better performance.

A value of 90% for PF2 would be obtained for an unbiased estimator with a spread index value
(PO5/P5) of about 4. That would permit most of estimatesto fall within a single category of the
acute oral toxicity classifications, provided that the estimate is close to the geometric center of the
category, and the upper and lower bounds for the category are separated by afactor greater than 4.
In the acute toxicity classification, the bounds are separated by a factors as low as 6 (the 50-300
range) and 2.5 (the 2000-5000) range. On this basis a PF2 of 90% or larger is suggested as a
criterion for good performance.

2.24 Resultsand Discussion

Resultsfor Estimation of the LD50. Based on the performance statistics described in the
previous section with my scenarios, a marked improvement in performance is obtained by using
Criteria 2 or 5, under conditions involving relatively extreme slopes and starting values (Table 2).
Under other conditions, the improvement is relatively modest. More complete output of the
simulationsis givenin Appendices 1.1 to 1.3.

In the previous section it was suggested that a criterion for good performance could be values
90% and higher for the index PF2. It is observed that the value of thisindex increases with the
slope. Therefore a compact table of output is obtained by interpolating in the Monte Carlo results
the slope that corresponds to PF2=90%, for a given choice of initial test dose. Then the
interpolated slope can be used as a bound on the range of slopes for which the procedure works
well.

Results of this type of calculation are displayed below. Row 2 of the table gives, for purposes of
comparison, the results from applying the procedure with a fixed nominal sample size of 15, the
number used in Guideline 401. A modification of the stopping rule cannot achieve the
performance indicated in Row 1, if the numberstested are generally kept below 15.
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The application of flexible-n stopping rules (Criteria 2-5) appears to significantly extend the range
of slopes for which the procedure will work well, relative to the fixed-n criterion (Criterion 1),

and the former should therefore be preferred if they do not result in an unacceptable increasein
numberstested. However the range of slopes that are acceptable according to this criterion does
not include the complete range of slopes that we think are possible.

Table 2.2.1. Comparison of Stopping Criteria in situations involving extreme slopes and
starting values. examples with low slope and poor choice of initial test dose.

Stopping slope Method of Estimating L D50
Criterion
Dose Averaging MLE
P50/L D50 P95/P5| PF2 P50/L D50 P95/P5| PF2

1. fixed 0.5 0.08 209 14 0.17 212 12
nominal n= 6

0.8 0.26 97 25 0.42 96 32
2. number of 0.5 0.18 125 20 0.28 157 27
reversals=5

0.8 0.37 50 35 0.56 47 42
5. LR>25 0.5 0.25 142 23 0.36 194 31

0.8 0.44 33 37 0.59 39 43
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Explanation: Calculations are based on an LD50 of 600 units and an initial test dose of 6 units.
The table gives values of performance statistics.

P50/ LD50 = ratio of median estimated L D50 to true LD50 (closer to 1 is better)

P95 / P5 = ratio of 95th percentile estimated L D50 to 5th percentile (smaller is better)

PF2 = percent of estimates that satisfy LD50/2 < estimate < LD50* 2 (larger is better)

For example (row 1) if the slope is 0.5, theinitial test dose is 6 units, the true LD50 is 600 units, and the LD50 is estimated by the
dose averaging method, then there is a 14% chance of an estimate within afactor of 2 of the correct value, when using Criterion 1
(column5). There would be a 23% chance of such an outcome using Criterion 5 (row 5).

Table 2.2.2. Minimal slopefor at least 90% of estimates to be within a factor of 2 of the true
LD50.

Stopping Initial Test dose
Criterion
L D50/100 LD50/10 LD50

1. fixed nominal n= 6 34 34 25

n=157% 2.1 2.0 1.6
2. number of reversals 29 29 25
=5
5.LR>25 2.8 2.6 27

EXpIanation. For example (see 1% row of slopes) if the initial test dose is LD50/100 then the index PF2 will be at least 90%,
provided the slopeis 3.44 or larger, when stopping is based on Criterion 1. In this sense 3.4 is the lower bound for the range of
slopes where Criterion 1 works well, when starting at LD50/100.

The true LD50 was assumed to be 600 units for this calculation. Results are based on the DA estimator. Linear interpolation has
been used. Based on 5000 simulated studies per scenario, except row 2 based on 3000 simulated studies.

T Given for purposes of comparison (see text).
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Resultsfor Numbers Tested. Estimated mean numbers tested per study are displayed below for
each Stopping Criterion. Comparing Criteria#2 and #5 it appears that more or tested with Criterion
#5 at low slopes, but more or tested with #2 at high slopes. We believe that in practice slopes will
be distributed so that in the long run Criterion #5 will use somewhat fewer animals. Furthermore
Criterion #5 has somewhat better statistical performance.

Table3. Mean numberstested

Dose0 = LD50/ 100
slope Crit. #1 Crit. #2 Crit. #5
0.5 7.6 11.1 12.4
0.8 8.2 114 12.7
15 0.1 115 12.1
2.0 9.3 114 11.8
2.5 9.4 11.2 115
3.0 9.4 11.1 114
35 9.4 11.0 11.2
4.0 9.5 10.9 11.2
8.3 9.5 10.8 11.0
Dose0 =L D50/ 10
0.5 6.8 10.1 10.0
0.8 6.9 10.0 10.3
15 7.2 9.7 10.1
2.0 7.3 9.4 9.9
2.5 7.4 9.3 9.6
3.0 7.4 9.0 9.4
35 7.5 9.0 9.3
4.0 7.5 8.9 9.2
8.3 7.5 8.8 9.0
Dose0 = L D50
0.5 6.6 9.6 8.7
0.8 6.4 9.3 8.1
15 6.3 8.7 7.2
2.0 6.2 8.4 6.8
2.5 6.1 8.1 6.5
3.0 6.1 7.9 6.3
35 6.0 7.7 6.2
4.0 6.0 7.6 6.1
8.3 6.0 7.4 6.0

Based on 5000 simulated studies per combination of LD50 and slope
2.2.4 Conclusions

Criterion 5 issimple to apply and gives relatively good performance, considering precision in the
estimation of the LD50 as well as numbers of animalstested. In particular, the numbers tested are
appreciably increased only for combinations of slope and initial test dose that we think are unusual.
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2.25 Tablesof Monte Carloresults. percentiles of thedistribution of L D50 estimates

Convergence criterion #1 [fixed nominal N]
Critical nominal N
slope assumed in probit calculations
step size (dose progression) logl0
max num. animals to test
doses restricted to range
Num. simulated studies per scenario
LD50 slope DoseO | Dose Averaging
| percentiles
| 5% 50%  95%
1 600.0 0.50 6.0 7.3 49.5 1519.2
2 600.0 0.80 6.0 15.7 156.6 1519.2
3 600.0 1.50 6.0 72.7 337.4 1519.2
4 600.0 2.00 6.0 156.6 495.2 1519.2
5 600.0 2.50 6.0 156.6 495.2 1067.0
6 600.0 3.00 6.0 229.9 495.2 1067.0
7 600.0 3.50 6.0 229.9 495.2 1067.0
8 600.0 4.00 6.0 337.4 495.2 1067.0
9 600.0 8.33 6.0 337.4 495.2 1067.0
10 600.0 0.50 60.0 23.0 156.6 1785.5
11 600.0 0.80 60.0 49.5 229.9 1519.2
12 600.0 1.50 60.0 106.7 337.4 1519.2
13 600.0 2.00 60.0 156.6 495.2 1519.2
14 600.0 2.50 60.0 156.6 495.2 1067.0
15 600.0 3.00 60.0 229.9 495.2 1067.0
16 600.0 3.50 60.0 229.9 495.2 1067.0
17 600.0 4.00 60.0 337.-4 495.2 1067.0
18 600.0 8.33 60.0 337.4 495.2 1067.0
19 600.0 0.50 600.0 72.7 705.2 3080.1
20 600.0 0.80 600.0 106.7 495.2 2163.2

21 600.0 1.50 600.0 229.9 705.2 1519.2

C-102

%in
range

99.9

99.8

100.0

100.0

100.0

100.0

100.0

100.0

100.0

99.8

99.9

100.0

100.0

100.0

100.0

100.0

100.0

100.0

99.4

99.8

100.0

=0 an

.0,

6

2.00

0.50

15
5000.0(min,max)

5000

MLE (slope= 2.00 )

| percentiles %in

| 5%

9.4

24.9
112.6
198.6
252_3
2942
356.2
356.2
356.2

23.0

49.4
135.0
194.5
249_4
291.2
354.1
354.1
354.1

63.4

81.5

180.5

50% 95% range
101.1 1986.4 99.1
252.3 2404.1 99.2
509.4 1764.9 99.9
569.0 1579.4 99.9
628.2 1401.5 100.0
628.2 1397.0 100.0
628.2 1126.3 100.0
628.2 1126.3 100.0
628.2 1126.3 100.0
199.4 2404.1 98.8
299.5 2404.1 99.4
508.1 1764.9 99.9
568.0 1579.2 100.0
627.2 1401.3 100.0
627.2 1395.2 100.0
627.2 1126.0 100.0
627.2 1126.0 100.0
797.4 1126.0 100.0
655.2 4345.9 96.5
542_.0 3230.0 98.6

655.2 1945.0 99.8
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22

23

24

25

26

27

LD50

600.0

600.0

600.0

600.0

600.0

600.0

slope

2.00
2.50
3.00
3.50
4.00

8.30

Values of 1.0

Dose0

600.0

600.0

600.0

600.0

600.0

600.0

Dose Averaging |
| percentiles %in |

5%

229.9

229.9

337.4

337.4

337.4

337.4

indicate < 1.0

"%in range® means % > 1.0 and

50% 95% range |
705.2 1519.2 100.0
495.2 1519.2 100.0
495.2 1067.0 100.0
495.2 1067.0 100.0
495.2 1067.0 100.0

495.2 1067.0 100.0

and values of 5000.0

<5000.0
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MLE (slope= 2.

percentiles
5% 50%  95%

204.6 655.2 1725.3
230.4 542.0 1531.0
284.5 494.1 1246.1
337.4 494.1 1067.0
337.4 494.1 1067.0

337.4 494.1 1067.0

indicate >5000.0

00 )

%in

range
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100.0
100.0
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** Distribution of LD50 estimates **

Convergence criterion #

Critical nominal N
slope assumed iIn probit calculations
step size (dose progression) loglO

Generate outlier (1=>yes;0=>no0)
(if Crit #2) Critical num reversals

max num. animals to test
doses restricted to range
Num. simulated studies per scenario

10

11

12

13

14

15

16

17

LD50

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

slope

0.50
0.80
1.50
2.00
2.50
3.00
3.50
4.00
8.33
0.50
0.80
1.50
2.00
2.50
3.00
3.50

4.00

Dose0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

2 [#reversals]

| Dose Averaging
| percentiles

| 5%
10.7
31.6

106.7

189.7

233.9

253.0

337.4

337.4

337.4
33.7
60.0

136.6

189.7

253.0

253.0

337.4

337.4

50%

106.7

223.7

431.8

509.0

534.8

600.0

600.0

600.0

600.0

221.2

337.4

449.9

509.0

534.8

600.0

600.0

600.0

95%

1330.4

1568.2

1390.8

1330.4

1067.0

1067.0

1067.0

1067.0

1067.0

1801.1

1775.7

1390.8

1330.4

1067.0

1067.0

1067.0

1067.0
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15

5000

|
| 5%
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356.2
356.2
29.9
65.7
176.0
228.5
267.8
347.9
354.1
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.0,5000.0 (min,max)

MLE (slope= 2.00 )
| percentiles

50%

170.1

338.9

564.3

579.8

610.0

610.0

655.7

655.7

655.7

301.7

414 .2

568.0

578.9

609.3

609.3

655.1

609.3

95%

2006.0

2011.6

1762.3

1437.7

1244 .8

1126.3

1126.3

1126.3

1126.3

2612.7

2404 .1

1762.2

1437.5

1294 .9

1126.0

1126.0

1126.0

%in
range

99.1

99.6

100.0

100.0

100.0

100.0

100.0

100.0

100.0
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100.0

100.0

100.0

100.0
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18

19

20

21

22

23

24

25

26

27

LD50

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

slope

8.33
0.50
0.80
1.50
2.00
2.50
3.00
3.50
4.00

8.30

Values of 1.0

Dose0

60.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

| Dose Averaging
| percentiles

| 5%
337.4

80.0
129.3
223.7
263.6
316.5
337.4
337.4
337.4

337.4

indicate < 1.0

"%in range® means % > 1.0 and

50%

600.0

590.1

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

and values of 5000.0

<5000.0

95%

1067.0

2568.2

2123.0

1568.2

1390.8

1114.6

1067.0

1067.0

1067.0

1067.0
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100.0

100.0

100.0
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100.0

|
| 5%
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MLE (slope= 2.00 )
| percentiles

50%

95%

354.1 655.1 1126.0

63.4

110.5

204 .6

253.7

281.0

337.4

337.4

337.4

337.4

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

3462.9

3035.0

1725.3

1439.3

1202.7

1067.0

1067.0

1067.0

1067.0

indicate >5000.0
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range

100.0
97.6
99.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0
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** Distribution of LD50 estimates **
Convergence criterion #

Critical nominal N
slope assumed iIn probit calculations
step size (dose progression) loglO

Generate outlier (1=>yes;0=>no)

(if Crit #5) factor above/below g.mean
(if Crit #5) Critical likelihood ratio

max num. animals to test
doses restricted to range
Num. simulated studies per scenario

10

11

12

13

14

15

16

17

18

19

LD50 slope DoseO |

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

0.50

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.33

0.50

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.33

0.50

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

600.0

| percentiles

| 5%
10.7
47.7

148.3

206.0

253.0

337.4

337.4

337.4

337.4
25.3
49.5

156.6

189.7

288_4

337.4

337.4

337.4

337.4

72.7

50%

148.3

263.6

495.2

509.0

586.5

600.0

600.0

600.0

600.0

268.0

366.3

495.2

509.0

600.0

600.0

600.0

600.0

600.0

584.6

5 [LR]

Dose Averaging

95%

1519.2

1569.8

1519.2

1519.2

1128.6

1067.0

1067.0

1067.0

1067.0

1812.8

1796.4

1519.2

1519.2

1390.8

1067.0

1067.0

1067.0

1067.0

2836.9
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.0,5000.0 (min,max)

MLE (slope= 2.00 )
%in | percentiles

50%

95%

10.7 213.1 2070.6

50.8

161.1

253.8

281.6

349.5

356.2

356.2

356.2

25.4

49._4

156.3

213.2

337.4

350.5

354.1

354.1

354.1

70.4

356.2
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604.5

610.0

655.7

655.7
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655.7
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511.5
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609.3
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655.1

655.1
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1126.3
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1126.0
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1126.0

1126.0

3246.3
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100.0

100.0

100.0

100.0

100.0

100.0

99.0

99.7

100.0

100.0

100.0

100.0

100.0

100.0

100.0
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LD50 slope DoseO |

20

21

22

23

24

25

26

27

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.30

Values of 1.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

Dose Averaging
| percentiles

| 5%
106.7
223.7
229.9
253.0
337.4
337.4
337.4

337.4

indicate < 1.0

"%in range® means % > 1.0 and

50%

584.6

584.6

515.6

668.2

495.2

495.2

495.2

726.9

and values of 5000.0

<5000.0

95%

2220.6

1568.2

1519.2

1390.8

1128.6

1067.0

1067.0

1067.0
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MLE (slope= 2.00 )

| percentiles

5% 50%

102.3 596.4

226.9 596.4

230.4 494.1

253.7 673.4

337.4 494.1

337.4 494.1

337.4 494.1

337.4 728.6

95%

2650.2

1642.4

1531.0

1398.8

1067.0

1067.0

1067.0

1067.0

indicate >5000.0

%in
range

99.2

100.0

100.0

100.0

100.0

100.0

100.0

100.0



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

2.2.6 Tablesof Monte Carlo Resultsfor Numbers Tested

Convergence criterion # 1 [fixed nominal N]

Critical nominal N =6

slope assumed in probit calculations = 2.00

step size (dose progression) loglO = 0.50

max num. animals to test = 15

doses restricted to range 1.0,5000.0 (min,max)
Num. simulated studies per scenario = 5000

LD50 slope DoseO | mean 95th (%)N=max
%ile (= 15)

1 600.0 0.50 6.0 7.61 11.00 0.00
2 600.0 0.80 6.0 8.21 11.00 0.00
3 600.0 1.50 6.0 9.07 11.00 0.00
4 600.0 2.00 6.0 9.28 11.00 0.00
5 600.0 2.50 6.0 9.37 10.00 0.00
6 600.0 3.00 6.0 9.43 10.00 0.00
7 600.0 3.50 6.0 9.44 10.00 0.00
8 600.0 4.00 6.0 9.48 10.00 0.00
9 600.0 8.33 6.0 9.50 10.00 0.00
10 600.0 0.50 60.0 6.79 9.00 0.00
11 600.0 0.80 60.0 6.91 9.00 0.00
12 600.0 1.50 60.0 7.17 9.00 0.00
13 600.0 2.00 60.0 7.29 9.00 0.00
14 600.0 2.50 60.0 7.38 8.00 0.00
15 600.0 3.00 60.0 7.42 8.00 0.00
16 600.0 3.50 60.0 7.45 8.00 0.00
17 600.0 4.00 60.0 7.47 8.00 0.00
18 600.0 8.33 60.0 7.51 8.00 0.00
19 600.0 0.50 600.0 6.55 8.00 0.00
20 600.0 0.80 600.0 6.44 8.00 0.00
21 600.0 1.50 600.0 6.25 7.00 0.00
22 600.0 2.00 600.0 6.16 7.00 0.00
23 600.0 2.50 600.0 6.11 7.00 0.00
24 600.0 3.00 600.0 6.07 7.00 0.00
25 600.0 3.50 600.0 6.04 6.00 0.00
26 600.0 4.00 600.0 6.02 6.00 0.00
27 600.0 8.30 600.0 6.00 6.00 0.00
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** Numbers Tested **
Convergence criterion # 2 [#reversals]

Critical nominal N

slope assumed iIn probit calculations
step size (dose progression) loglO
Generate outlier (1=>yes;0=>no)

(if Crit #2) Critical num reversals

I nn
GO ONOD
a1 o
oo

max num. animals to test 15

doses restricted to range 1.0,5000.0 (min,max)

Num. simulated studies per scenario = 5000

LD50 slope DoseO | mean 95th (%)N=max

wile (=
1 600.0 0.50 6.0 11.08 15.00 10.
2 600.0 0.80 6.0 11.40 15.00 11.
3 600.0 1.50 6.0 11.47 15.00 8
4 600.0 2.00 6.0 11.37 15.00 6
5 600.0 2.50 6.0 11.23 14.00 3
6 600.0 3.00 6.0 11.09 14.00 2
7 600.0 3.50 6.0 10.95 14.00 1
8 600.0 4.00 6.0 10.89 13.00 O
9 600.0 8.33 6.0 10.79 13.00 O
10 600.0 0.50 60.0 10.10 15.00 5
11 600.0 0.80 60.0 9.95 14.00 4
12 600.0 1.50 60.0 9.68 13.00 2
13 600.0 2.00 60.0 9.41 13.00 1
14 600.0 2.50 60.0 9.31 12.00 O
15 600.0 3.00 60.0 9.03 12.00 O
16 600.0 3.50 60.0 8.98 12.00 O
17 600.0 4.00 60.0 8.89 11.00 O
18 600.0 8.33 60.0 8.79 11.00 O
19 600.0 0.50 600.0 9.63 14.00 4
20 600.0 0.80 600.0 9.33 14.00 2
21 600.0 1.50 600.0 8.71 12.00 O
22  600.0 2.00 600.0 8.36 12.00 O
23 600.0 2.50 600.0 8.09 11.00 O
24 600.0 3.00 600.0 7.8 10.00 O
25 600.0 3.50 600.0 7.70 10.00 O
26 600.0 4.00 600.0 7.56 10.00 O
27 600.0 8.30 600.0 7.44 10.00 O
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15 )
96
70

.52
.04
-96
.44
-50
.72
.00
.62
.24
.02
.18
.54
.14
.04
-00
-00
-50
.54
.74
.16
-10
-00
-00
-00
-00

April 14, 2000



NICEATM Up-and-Down Procedure Background Review Document

** Numbers Tested **

Convergence criterion #

Critical nominal
slope assumed iIn probit calculations
step size (dose progression) loglO
Generate outlier (1=>yes;0=>no)

(if Crit #5) factor above/below g.mean
(if Crit #5) Critical likelihood ratio

max num. animals to test
doses restricted to range

5 [LR]

1.0,5000.0 (min,max)

Num. simulated studies per scenario

LD50 slope

1 600.0 0.50

2 600.0 0.80

3 600.0 1.50

4 600.0 2.00

5 600.0 2.50

6 600.0 3.00

7 600.0 3.50

8 600.0 4.00

9 600.0 8.33

10 600.0 0.50
11 600.0 0.80
12 600.0 1.50
13 600.0 2.00
14 600.0 2.50
15 600.0 3.00
16 600.0 3.50
17 600.0 4.00
18 600.0 8.33
19 600.0 0.50
20 600.0 0.80
21 600.0 1.50
22 600.0 2.00
23 600.0 2.50
24 600.0 3.00
25 600.0 3.50
26 600.0 4.00
27 600.0 8.30

DoseO |

DO OO OO

eoloeoolololoojoolololoJooloololololololoNoloNoNe]

mean

12.
12.
12.
11.
11.
11.
11.
11.
11.

9.
10.
10.
.87
.64
-39
.26
-19
-99
.71
.13
.20
.78
-50
.32
17
-10
-00

OO OO N0 OO

37
68
13
78
54
44
20
16
01
98
25
13
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95th
ile

15.
15.
15.
15.
15.
15.
14.
14.
14.
15.
15.
-00

15

15.
13.
13.
12.
12.
12.
15.
13.
10.
10.
-00
-00
-00
-00
-00

o O 00 00

00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00

-00
-50

-50
-50
5

RPNNOONO

5000

(%)N=max

(:
44 .
41.
22.
13.

B

OOO0OO0OOOONUIOCORLNWOHOOOOORFL, WUl

15 )
36
04
12
60

.00
.86
.28
.88
.00
.42
.06
.42
.44
.70
.32
-30
.98
-00
.52
.76
.26
.02
-00
-00
-00
-00
-00
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2.2.7 Tablesof Monte Carlo Results. Performance Statistics

Convergence criterion # 1 [fixed nominal N]

Critical nominal N 6
slope assumed iIn probit calculations = 2.00
step size (dose progression) loglO = 0.50

max num. animals to test 1

doses restricted to range 1.0,5000.0 (min,max)

Num. simulated studies per scenario = 5000

LD50 slope DoseO | Dose Averaging | MLE
|P50/LD50  P95/P5 PF2  |P50/LD50 P95/P5 PF2

1 600.0 0.50 6.0 0.08 209.00 13.62 0.17 211.50 19.70
2 600.0 0.80 6.0 0.26 97.01 24.68 0.42 96.41 31.98
3 600.0 1.50 6.0 0.56 20.90 51.74 0.85 15.67 58.12
4 600.0 2.00 6.0 0.83 9.70 66.34 0.95 7.95 70.80
5 600.0 2.50 6.0 0.83 6.81 77.28 1.05 5.55 80.16
6 600.0 3.00 6.0 0.83 4.64 85.04 1.05 4.75 86.70
7 600.0 3.50 6.0 0.83 4.64 91.12 1.05 3.16 92.34
8 600.0 4.00 6.0 0.83 3.16 95.30 1.05 3.16 95.48
9 600.0 8.33 6.0 0.83 3.16  100.00 1.05 3.16 100.00
10 600.0 0.50 60.0 0.26 77.67 21.06 0.33 104.34 26.82
11 600.0 0.80 60.0 0.38 30.68 30.68 0.50 48.65 35.34
12 600.0 1.50 60.0 0.56 14.24 52.34 0.85 13.08 57.40
13 600.0 2.00 60.0 0.83 9.70 64.38 0.95 8.12 69.84
14 600.0 2.50 60.0 0.83 6.81 77.16 1.05 5.62 79.50
15 600.0 3.00 60.0 0.83 4.64 86.00 1.05 4.79 87.84
16 600.0 3.50 60.0 0.83 4.64 90.62 1.05 3.18 91.40
17 600.0 4.00 60.0 0.83 3.16 95.36 1.05 3.18 95.74
18 600.0 8.33 60.0 0.83 3.16  100.00 1.33 3.18 100.00
19 600.0 0.50 600.0 1.18 42.37 53.12 1.09 68.57 41.58
20 600.0 0.80 600.0 0.83 20.27 60.90 0.90 39.63 46.98
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21

22

23

24

25

26

27

LD50 slope

600.0

600.0

600.0

600.0

600.0

600.0

600.0

1.50

2.00

2.50

3.00

3.50

4.00

8.30

Dose0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

| Dose Averaging

| P50/LD50
1.18
1.18
0.83
0.83
0.83
0.83

0.83

P95/P5

6.61

6.61

6.61

3.16

3.16

3.16

3.16
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PF2

75.98

84.22

89.62

93.28

95.78

97.86

100.00

I MLE

| P50/LD50 P95/P5

1.09

1.09

0.90

0.82

0.82

0.82

0.82
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10.77

8.43

6.64

4.38

3.16

3.16

3.16

PF2

63.98

75.14

82.44

88.94

92.72

95.64

100.00
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** Measures of performance for estimation of LD50 **

Convergence criterion #

Critical nominal N

slope assumed iIn probit calculations

step size (dose progression) loglO
Generate outlier (1=>yes;0=>no0)
(if Crit #2) Critical num reversals

max num. animals to test
doses restricted to range
Num. simulated studies per scenario

10

11

12

13

14

15

16

17

18

19

LD50 slope DoseO |

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

0.50

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.33

0.50

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.33

0.50

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

600.0

| P50/LD50
0.18
0.37
0.72
0.85
0.89
1.00
1.00
1.00
1.00
0.37
0.56
0.75
0.85
0.89
1.00
1.00
1.00
1.00

0.98

Dose Averaging

P95/P5

124.69

49.55

13.03

7.01

4.56

4.22

3.16

3.16

3.16

53.38

29.59

10.18

7.01

4.22

4.22

3.16

3.16

3.16

2 [#reversals]

| P50/LD50 P95/P5

156.59

47.21

10.27

6.29

4.61

3.23

3.16

3.16

3.16

87.25

36.59

10.01

6.29

4.84

3.24

3.18

3.18

3.18

=6

= 2.00

= 0.50

=0

=5

= 15

1.0,5000.0 (min,max)
= 5000
| MLE

PF2
19.70 0.28
34.58 0.56
62.78 0.94
75.96 0.97
85.78 1.02
91.20 1.02
94.88 1.09
97.52 1.09
100.00 1.09
32.16 0.50
43.02 0.69
64.96 0.95
75.72 0.96
86.66 1.02
90.90 1.02
94.48 1.09
96.98 1.02
100.00 1.09
48.68 1.00

32.10
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54._64

PF2

26.66

41.68

68.34

80.06

87.76

92.04

95.34

97 .86

100.00

36.52

47.78

69.08

78.66

87.74

91.64

95.16

97.34

100.00

42.90
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20

21

22

23

24

25

26

27

LD50 slope

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.30

Dose0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

| Dose Averaging

| P50/LD50
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00

P95/P5

16.42

7.01

5.28

3.52

3.16

3.16

3.16

3.16

C-114

PF2

59.00

76.76

84.42

90.64

94.08

96.68

98.06

100.00

| MLE

| P50/LD50 P95/P5

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
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27.46

8.43

5.67

4.28

3.16

3.16

3.16

3.16

PF2

51.12

70.44

79.24

86.68

91.18

95.06

97.06

100.00
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** Measures of performance for estimation of LD50 **

Convergence criterion #

Critical nominal
slope assumed iIn probit calculations

N

5 [LR]

step size (dose progression) loglO
Generate outlier (1=>yes;0=>no0)

(if Crit #5) factor above/below g.mean
(if Crit #5) Critical likelihood ratio

max num. animals to test
doses restricted to range

Num. simulated studies per scenario

10

11

12

13

14

15

16

17

18

LD50 slope DoseO |
| P50/LD50

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

0.50

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.33

0.50

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.33

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

60.0

Dose Averaging
P95/P5

0.25

0.44

0.83

0.85

0.98

1.00

1.00

1.00

1.00

0.45

0.61

0.83

0.85

1.00

1.00

1.00

1.00

1.00

142 .39

32.94

10.25

7.37

4.46

3.16

3.16

3.16

3.16

71.65

36.27

9.70

8.01

4.82

3.16

3.16

3.16

=6

= 2.00

= 0.50

=0

= 2.50

= 2.50

= 15

1.0,5000.0 (min,max)
= 5000
| MLE

PF2  |P50/LD50 P95/P5
22.60 0.36 194.07
37.00 0.59 39.03
66.12 0.85 9.80
79.02 1.01 6.22
87.94 1.02 4.27
91.94 1.09 3.22
95.36 1.09 3.16
97.84 1.09 3.16
100.00 1.09 3.16
36.30 0.48 104.09
48.14 0.71 41.73
69.56 0.85 10.11
80.52 0.96 6.74
87.96 1.02 4.26
92.80 1.02 3.21
95.62 1.09 3.18
97.34 1.09 3.18
100.00 1.09 3.18

3.16
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PF2

30.52

43.38

69.22

81.46

89.48

93.10

96.22

98.40

100.00

33.74

45_86

70.32

81.58

88.92

93.68

96.34

97.84

100.00
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19

20

21

22

23

24

25

26

27

LD50 slope

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

0.50

0.80

1.50

2.00

2.50

3.00

3.50

4.00

8.30

Dose0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

| Dose Averaging

| P50/LD50
0.97
0.97
0.97
0.86
1.11
0.83
0.83
0.83

1.21

P95/P5

39.03

20.81

7.01

6.61

5.50

3.35

3.16

3.16

3.16
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PF2

44._44

53.64

72.48

81.96

87.62

92.90

95.88

97.72

100.00

| MLE

| P50/LD50 P95/P5

0.99

0.99

0.99

0.82

1.12

0.82

0.82

0.82

1.21
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46.13

25.90

7.24

6.64

5.51

3.16

3.16

3.16

3.16

PF2

43.26

52.26

71.84

81.66

87.56

92.88

95.88

97.72

100.00
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2.3 Simulation of an outlier scenario

The following is an extension of the analysis described in the previous section, distributed originally
on February 14, 2000. An “outlier scenario” has been simulated asfollows. Theinitial test was
assumed to be below the true LD50 (here 750 units) by afactor of 10 or 100, and the first animal
tested was assumed to respond, regardless of the probability of response calculated from the probit
model. Stopping Criteria 1, 2, and 5 were simulated. Results are displayed below for the index PF2
(probability of an estimate within factor of 2 of correct value). The results tabulated are based on
the MLE(2) estimates of the LD50, which appeared to perform better than the dose-averaging
estimator in this situation.

Table 2.3.1. Resultsfor performanceindex PF2 (%) with " outlier” scenario.

Dose0 = LD50/ 100
slope Crit#l Crit.#2 Crit.#5
0.5 0.1% 11% 16%
1.0 0.0 19 29
15 0.0 24 38
2.0 0.0 24 42
2.5 0.0 22 43
3.0 0.0 23 47
35 0.0 19 50
4.0 0.0 20 49
8.3 0.0 19 51
Dose0 =L D50/ 10
0.5 6.2% 22% 22%
1.0 0.1 37 36
15 7.8 47 49
2.0 6.5 57 55
2.5 4.1 64 59
3.0 2.9 69 62
35 1.7 70 68
4.0 1.1 73 71
8.3 0.0 75 73

Explanation: The index PF2 isthe probability of an estimate within afactor of 2 of the true value.
For example (seefirst row). If the slopeis 0.5 and theinitial test dose is 100" of the LD50 (here
LD50=750), then the probability is 0.001 that the estimate will fall between 750/2 and 750* 2 when
stopping is based on Criterion 1 (fixed nominal n). In the same situation, the probability of that
accuracy is 0.11 for Criterion 2 (fixed number of reversals) and 0.16 for Criterion 5 (simplified LR).
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24  Classfication probabilitiesfor standard OECD scenarios

The following is abbreviated from an analysis distributed on February 14, 2000. For OECD
evaluation of guidelinesit has been customary to consider a standard set of slope and LD50 values,
and to assume initial test doses equal to the LD10, LD50, and LD80. The tables below give
probabilities of classification into categories of the acute oral toxicity classification, which has cut-
points 5, 50, 300, 2000, and 5000 units. Based on the current guideline, initial test doses below 1
unit or above 5000 units have been excluded. The dose progression deviates from the guideline, in
that a dose of 3200 was not included in the progression. Two stopping rules are simulated: a
procedure with the nominal sample size fixed at 6, and the likelihood-ratio criterion recommended
in the proposed guideline.

C-118



NICEATM Up-and-Down Procedure Background Review Document

24.1 OECD-Typescenarios. Distribution of L D50 Estimates

Convergence criterion #

Critical nominal

N

slope assumed iIn probit calculations
step size (dose progression) loglO
Generate outlier (1=>yes;0=>no0)

max num. animals to test
doses restricted to range
Num. simulated studies per scenario
Classification cutpoints

10

11

12

13

14

15

16

17

18

19

8.33

8.33

8.33

4.00

4.00

2.00

2.00

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

1.1

1.5

1.9

1.5

2.4

1.5

4.0

1.5

16.9

1.5

72.3

1.8

2.5

3.1

1.2

2.5

2.5

6.6

LD50 slope DoseO |

1 [ fixed nominal NR]

=6
= 2.00
= 0.50
=0
= 15
1.0,5000.0 (min,max)
= 3000
50 300

5

Dose Averaging
| percentiles

5%

1.5

1.2

1.4

1.1

1.3

1.1

1.3

1.1

1.6

1.8

1.7

1.6

2.0

1.6

1.4

50% 95%
1.9 1.9
1.6 2.7
1.4 2.5
1.6 2.7
1.6 3.1
1.6 3.9
2.0 4.6
2.1 8.4
4.5 20.5
2.1 12.4
18.9 87.6
3.1 3.1
2.2 4.4
1.8 3.8
2.1 4.6
2.2 4.4
2.0 4.7
2.7 6.5
3.5 8.0
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|

%in

range |
100.0
100.0
100.0
99.4
98.9
98.0
96.3
95.4
95.2
94.6
97.7
100.0
100.0
100.0
100.0
100.0
100.0
99.6

99.7

5%

1.5

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

2.3

1.6

1.8

1.7

1.5

1.1

2000

April 14, 2000

5000

MLE (slope= 2.00 )

| percentiles

50%

1.9

1.5

1.4

1.5

1.6

1.5

1.6

1.9

3.1

2.0

6.9

3.1

2.2

2.2

2.0

2.2

2.4

%in
95% range
1.9 99.0
2.7 94.8
2.4 91.5
2.7 80.7
3.0 74.5
3.9 74.5
4.7 79.5
10.4 71.1
20.5 83.4
14.2 72.2
87.8 91.7
3.1 100.0
4.4 100.0
3.8 100.0
5.8 99.6
4.4 98.4
4.8 99.4
6.5 93.0

8.0 95.2
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

LD50 slope DoseO |
| percentiles

2.5

2.5

2.5

2.5

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

2.00

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

2.00

0.80

2.5

28.2

2.5

120.5

14.0

20.0

25.2

20.0

32.5

4.6

20.0

52.7

20.0

225.4

20.0

964 .4

35.1

50.0

63.1

23.9

50.0

81.2

11.4

50.0

131.8

1.3

Dose Averaging

5%

1.4

1.4

1.2

1.6

17.0

11.2

14.2

11.6

11.2

12.4

5.2

7.7

8.6

5.0

5.9

2.6

8.0

42.5

28.1

35.5

29.0

28.1

31.1

13.8

19.2

23.4

2.2

50%

3.1

7.5

3.1

31.5

24.9

16.5

14.2

17.0

16.5

18.3

17.5

24.2

29.6

24.2

58.8

24.2

171.5

62.4

60.6

35.5

42.5

60.6

45.6

43.8

60.6

74.1

15.1

%in

| percentiles

95% range | 5%
14.1 96.9 1.0
34.1 98.6 1.0
20.6 96.5 1.0

146.0 98.8 1.0
24.9 100.0 17.0
35.6 100.0 11.2
30.6 100.0 14.2
36.6 100.0 11.6
35.6 100.0 11.2
39.3 100.0 10.0
55.4 100.0 6.8
52.2 100.0 6.8
63.8 100.0 6.7
76.6 100.0 3.4

273.1 100.0 4.6

165.1 99.9 2.2

1377.8 99.9 5.4
62.4 100.0 42.6
88.9 100.0 28.1
76.4 100.0 35.5
91.6 100.0 29.0
88.9 100.0 28.1
98.3 100.0 25.0

138.5 100.0 13.9

130.5 100.0 19.2

159.6 100.0 17.6

151.4 100.0 3.0

C-120

50%

2.6

5.0

3.1

11.5

24.9

16.5

14.2

17.0

16.5

18.3

19.0

24.3

20.2

22.0

38.2

22.0

94.9

62.4

60.7

35.5

42.5

60.7

45.6

47.5

60.7

50.6

21.1

April 14, 2000

95%

14.8

34.2

21.2

146.4

24.9

35.6

30.6

39.7

35.6

39.4

60.7

58.7

64.0

118.0

273.8

169.4

884.7

62.4

88.9

76.6

116.0

88.9

98.6

151.9

146.6

160.0

193.8

MLE (slope= 2.00 )

%in
range

86.5

91.9

83.1

95.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9

99.4

99.6
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.8
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47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

LD50

50.0

50.0

50.0

50.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

slope

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

2.00

0.80

0.80

0.80

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

2.00

0.80

Dose0

50.0

563.6

50.0

2411.1

105.3

150.0

189.3

71.7

150.0

243.5

34.3

150.0

395.3

3.8

150.0

1690.9

150.0

421.0

600.0

757.2

286.9

600.0

974.0

137.2

600.0

1581.1

15.0

| Dose Averaging
| percentiles

| 5%
8.9
14.7
5.6
19.9
127.5
84.4
106.4
86.9
84.4
93.3
41.6
57.5
70.3
6.5
39.2
441
18.2
510.1
337.4
425.8
347.6
337.4
373.2
166.2
229.9
281.2

26.7

50%

41.3

147.1

60.6

629.3

187.2

123.8

106.4

127.6

181.7

136.9

131.4

123.8

222.3

45.4

123.8

441 .4

181.7

748.7

726.9

425.8

510.2

495.2

547.7

525.7

726.9

889.1

181.7

95%

281.2

682.9

412.7

2537.8

187.2

266.7

229.3

274.8

266.7

295.0

415.6

391.5

478.9

454.3

579.7

2003.3

1040.0

748.7

1067.0

917.3

1322.8

1067.0

1386.8

1159.6

1519.2

1915.6

1849.5

C-121
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MLE (slope= 2.00 )

%in | percentiles
range | 5% 50%
100.0 7.0 45.4
100.0 11.5 95.5
99.9 6.2 55.0
99.9 13.5 254.7
100.0 127.8 187.2
100.0 84.4 123.5
100.0 106.4 106.4
100.0 87.1 127.6
100.0 84.4 165.1
100.0 75.1 136.9
100.0 41.7 142.5
100.0 51.1 123.5
100.0 52.7 151.8
100.0 8.4 63.2
100.0 25.4 136.3
100.0 34.5 286.5
100.0 17.7 165.1
100.0 511.2 748.7
100.0 337.4 728.6
100.0 425.8 425.8
100.0 348.4 510.2
100.0 337.4 494.1
100.0 300.5 547.7
100.0 170.2 570.2
100.0 204.6 728.6
100.0 210.9 607.1
99.7 33.7 252.7

95%

295.1

684 .4

508.1

2187.0

187.2

266.7

229.9

348.1

266.7

295.7

455.8

439.9

480.0

581.4

885.3

2015.1

1277.2

748.7

1067.0

919.4

1365.3

1067.0

1339.8

1890.9

1725.3

1920.0

2346.2

%in
range

100.0
100.0

99.8

99.4
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9

99.8

99.7
100.0
100.0
100.0
100.0
100.0
100.0

99.9
100.0

99.9

99.1
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74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

LD50 slope DoseO |

600.0

600.0

600.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

3000.0

3000.0

3000.0

3000.0

3000.0

3000.0

3000.0

3000.0

3000.0

3000.0

100 3000.0

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

2.00

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

0.80

0.80

0.50

600.0

1.6

600.0

1052.5

1500.0

1892.9

717.3

1500.0

2435.0

343.0

1500.0

3952.8

37.5

1500.0

4.1

1500.0

2105.1

3000.0

3785.8

1434 .6

3000.0

4870.0

686.0

3000.0

75.0

3000.0

8.2

| percentiles

| 5%
156.6

2.9

72.7
1460.4
843.5
1064.5
869.0
843.5
932.9
415.6
574.7
702.9

66.7
266.7

7.0
181.7
2318.3
1687.0
2128.9
1795.3
1687.0
1865.8
831.1
1149.4

90.9
703.8

14.6

50%

495.2

42.8

705.2

2294 .1

1849.5

1064.5

1275.6

1526.6

1369.3

953.4

1249.0

1908.0

454 .4

1249.0

107.0

1249.0

3244 .3

2935.9

2128.9

2678.3

2935.9

2738.6

1952.3

2423.3

849.5

2225.5

214.0

Dose Averaging

95%

2163.2

1345.4

2542.3

2294 .1

2738.6

2159.8

2436.6

2738.6

2554 .6

2328.9

2738.6

3528.5

2435.3

3347.2

2546.1

3347.2

3244 .3

3873.0

3428.4

3297.8

3873.0

4055.2

3785.2

4217 .2

3899.8

4591.9

3600.7
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%in
range

99.8
99.8
99.5
100.0
100.0
100.0
100.0
100.0
100.0
99.9
99.8
100.0
98.7
98.3
99.2
96.9
100.0
100.0
100.0
99.5
99.6
99.9
97.9
98.2
97.6
95.7

98.7

|
| 5%
106.7
4.3
63.4
1421.2
843.5
1064.5
871.0
843.5
751.1
416.5
511.5
527.2
84.4
254.2
12.0
158.4
2354_3
1687.0
2128.9
1789.0
1687.0
1502.3
1073.9
1152.0
168.7
533.5

18.4

April 14, 2000

MLE (slope= 2.00 )
| percentiles

50%

535.9

80.4

655.2

2294 .1

1848.1

1064.5

1275.6

1848.1

1369.3

1566.9

1242 .1

1517.8

631.9

1242 .1

173.4

1242 .1

3244 .3

3008.8

2128.9

2678.3

3008.8

2738.6

3146.9

3008.8

1263.7

2502.1

346.9

95%

3246.3

1549.4

4117.6

2294 .1

2738.6

2184.1

3263.2

2738.6

2606.2

4563.0

3909.0

3644.1

4709.9

5000.0

3270.6

5000.0

5000.0

3873.0

3522.0

5000.0

5000.0

5000.0

5000.0

5000.0

5000.0

5000.0

5000.0

%in
range

98.4
99.1
96.6
100.0
100.0
100.0
99.9
99.6
100.0
98.3
96.0
97.7
95.2
89.4
97.6
86.2
94.8
97.6
99.7
92.3
85.8
94.2
82.0
77.1
88.5
72.7

93.5
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101

102

103

104

105

106

107

108

109

110

111

112

LD50 slope DoseO |

3000.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

| percentiles

| 5%
0.50 3000.0 363.5
8.33 2455.9 2569.2
8.33 3500.0 1968.2
8.33 4416.8 2483.7
4.00 1673.7 1989.7
4.00 3500.0 1968.2
2.00 800.4 969.7
2.00 3500.0 1340.9
0.80 87.5 106.0
0.80 3500.0 800.2
0.50 9.6 17.0

0.50 3500.0 424.0

Values of 1.0 indicate < 1.0
"%in range® means % > 1.0 and

50%

2225.5

3504.2

3253.6

2483.7

2892.8

3253.6

2163.6

3253.6

965.9

2685.6

249.8

2530.6

Dose Averaging

95%

4591.9

3945.1

4183.3

3799.5

3471.7

4439.5

3984.8

4439.5

4105.3

4711.4

2881.5

5000.0

| MLE (slope= 2.

%in | percentiles
range | 5% 50% 95%

95.7 316.9 2278.9 5000.0
100.0 2621.8 3504.2 5000.0
99.9 1968.2 3340.7 5000.0
100.0 2483.7 2483.7 4307.3
98.6 2000.3 3678.9 5000.0
99.0 1968.2 3340.7 5000.0
97.2 1252.8 3566.3 5000.0
97.2 1344.0 3340.7 5000.0
97.6 196.9 1474.3 5000.0
96.0 593.0 3340.7 5000.0
97.4 22.2 469.2 5000.0

94.1 413.3 3340.7 5000.0

and values of 5000.0 indicate >5000.0

<5000.0

C-123
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00 )
%in
range
73.9
86.2
91.9
96.7
63.5
80.5
7.7
71.9
85.6
70.6
92.7

70.0
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Convergence criterion #

Critical nominal

N

5 [LR]

slope assumed iIn probit calculations
step size (dose progression) loglO
Generate outlier (1=>yes;0=>no)

(if Crit #5) factor above/below g.mean
(if Crit #5) Critical likelihood ratio

max num. animals to test
doses restricted to range
Num. simulated studies per scenario
Classification cutpoints

10

11

12

13

14

15

16

17

18

LD50 slope DoseO |

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

8.33

8.33

8.33

4.00

4.00

2.00

2.00

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

1.1

1.5

1.9

1.5

2.4

1.5

1.5

16.9

1.5

72.3

1.8

2.5

1.2

2.5

2.5

g o
eoNo]

a1 g1
leoNo]

I
RPNNOONO

Ol

1.0,5000.0 (min,max)

April 14, 2000

5000

MLE (slope= 2.00 )

= 3000
5 50 300 2000
Dose Averaging |
| percentiles %in | percentiles
5% 50% 95% range | 5% 50%
1.5 1.9 1.9 100.0 1.5 1.9
1.2 1.6 2.7 100.0 1.2 1.5
1.3 1.4 2.5 100.0 1.0 1.4
1.2 1.6 2.7 99.4 1.0 1.5
1.3 1.6 3.1 98.8 1.0 1.6
1.1 1.7 3.9 97.8 1.0 1.5
1.3 2.0 3.7 96.2 1.0 1.7
1.1 2.0 8.4 95.5 1.0 1.7
1.3 3.4 14.3 95.4 1.0 2.2
1.0 2.0 12.4 94.9 1.0 1.7
1.4 6.6 59.7 98.0 1.0 4.0
2.3 3.1 3.1 100.0 2.3 3.1
1.6 2.2 4.4 100.0 1.6 2.2
1.8 2.6 3.8 100.0 1.8 2.6
1.7 2.4 3.8 100.0 1.7 2.3
1.6 2.2 4.4 100.0 1.6 2.2
1.9 2.0 3.8 100.0 1.6 2.0
1.5 2.7 6.5 99.7 1.3 2.5

C-125

95%

1.9

2.7

2.4

2.7

14.8

12.7

59.6

%in
range

99.9

99.1

99.2

94.0

91.5

87.6

80.1

81.7

84.0

79.6

91.4

100.0

100.0

100.0

100.0

99.9

100.0

98.3
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

LD50

2.5

2.5

2.5

2.5

2.5

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

slope

2.00
0.80
0.80
0.50
0.50
8.33
8.33
8.33
4.00
4.00
4.00
2.00
2.00
2.00
0.80
0.80
0.50
0.50
8.33
8.33
8.33
4.00
4.00
4.00
2.00

2.00

Dose0

6.6

2.5

28.2

2.5

120.5

14.0

20.0

25.2

20.0

32.5

4.6

20.0

52.7

20.0

225.4

20.0

964 .4

35.1

50.0

63.1

23.9

50.0

81.2

11.4

50.0

Dose Averaging
| percentiles

5%

1.4

1.4

1.5

1.3

1.8

17.0

11.2

14.2

11.6

11.2

12.1

7.8

7.7

2.8

6.8

42.5

28.1

35.5

29.0

28.1

30.3

13.8

19.2

50%

2.7

9.7

24.9

16.5

14.2

17.0

16.5

18.3

19.3

20.0

20.2

17.8

30.1

22.7

68.1

62.4

60.6

35.5

42.5

41.3

45.6

48.2

60.6

%in

95% range | 5%

8.0 99.6 1.2
14.1 97.2 1.0
34.1 98.2 1.0
20.6 96.4 1.0
120.6 98.4 1.0
24.9 100.0 17.0
35.6 100.0 11.2
30.6 100.0 14.2
30.2 100.0 11.6
35.6 100.0 11.2
39.3 100.0 12.5
45.7 100.0 8.0
52.2 100.0 7.7
63.8 100.0 8.8
112.5 100.0 3.5
273.1 100.0 4.9
169.7 100.0 2.7
799.4 100.0 5.1
62.4 100.0 42.6
88.9 100.0 28.1
76.4 100.0 35.5
75.6 100.0 29.0
88.9 100.0 28.1
98.3 100.0 31.2
114.3 100.0 13.9
130.5 100.0 19.2

C-126

April 14, 2000

MLE (slope= 2.00 )
| percentiles

50%

2.7

2.5

3.5

3.1

6.4

24.9

16.5

14.2

17.0

16.5

18.3

20.4

20.0

22.1

17.7

27.1

22.8

51.4

62.4

60.7

35.5

42.5

41.2

45.6

51.0

60.7

95%

8.0

14.6

34.2

21.3

120.6

24.9

35.6

30.6

32.6

35.6

39.4

49.9

52.1

64.0

118.0

273.8

202.1

776.3

62.4

88.9

76.6

81.5

88.9

98.6

116.1

130.2

%in
range

98.0

91.8

93.1

88.4

95.1

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

99.8

99.9

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0



NICEATM Up-and-Down Procedure Background Review Document

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

LD50

50.0

50.0

50.0

50.0

50.0

50.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

150.0

600.0

600.0

600.0

600.0

600.0

600.0

600.0

slope

2.00
0.80
0.80
0.80
0.50
0.50
8.33
8.33
8.33
4.00
4.00
4.00
2.00
2.00
2.00
0.80
0.80
0.80
0.50
8.33
8.33
8.33
4.00
4.00
4.00

2.00

Dose0

131.8

1.3

50.0

563.6

50.0

2411.1

105.3

150.0

189.3

71.7

150.0

243.5

34.3

150.0

395.3

150.0

1690.9

150.0

421.0

600.0

757.2

286.9

600.0

974.0

137.2

| Dose Averaging
| percentiles

| 5%
22_4
3.4
9.8
14.3
7.0
14.2
127.5
84.4
106.4
86.9
84.4
90.8
41.6
57.5
70.3
12.6
26.7
40.1
18.2
510.1
337.4
425.8
347.6
337.4
363.1

208.5

50%

50.5

26.9

50.0

72.8

56.8

180.8

187.2

181.7

106.4

127.6

181.7

136.9

144 .6

123.8

151.4

78.6

150.0

241.0

150.7

748.7

495.2

425.8

546.9

726.9

547.7

578.6

95%

159.6

173.7

281.2

554.1

418.8

1855.0

187.2

266.7

229.3

226.8

266.7

295.0

343.0

391.5

478.9

518.4

843.5

1658.8

1168.8

748.7

1067.0

917.3

1042.5

1067.0

1099.4

1421.6

C-127
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MLE (slope= 2.00 )

%in | percentiles
range | 5% 50%
100.0 22.3 55.2
100.0 3.5 33.6
100.0 8.5 50.0
100.0 12.0 66.6
100.0 6.3 56.4
100.0 9.9 130.8
100.0 127.8 187.2
100.0 84.4 182.1
100.0 106.4 106.4
100.0 87.1 127.6
100.0 84.4 182.1
100.0 93.5 136.9
100.0 41.7 153.1
100.0 57.6 123.5
100.0 67.0 165.6
100.0 13.3 100.7
100.0 25.7 150.0
100.0 37.6 220.6
100.0 17.7 150.0
100.0 511.2 748.7
100.0 337.4 494.1
100.0 425.8 425.8
100.0 348.4 522.8
100.0 337.4 728.6
100.0 374.0 547.7
100.0 203.4 612.4

95%

160.0

215.6

289.9

561.5

443.6

1888.0

187.2

266.7

229.9

244 .6

266.7

295.7

374.5

390.6

480.0

645.5

872.7

1775.9

1277.2

748.7

1067.0

919.4

1067.1

1067.0

1054.2

1444 .8

%in
range

100.0

100.0

100.0

100.0

99.9

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

99.8

100.0

100.0

100.0

100.0

100.0

100.0

100.0



NICEATM Up-and-Down Procedure Background Review Document

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

LD50

600.0

600.0

600.0

600.0

600.0

600.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

1500.0

3000.0

3000.0

3000.0

3000.0

3000.0

3000.0

3000.0

slope

2.00

2.00

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

2.00

2.00

0.80

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

4.00

2.00

Dose0

600.0

1581.1

15.0

600.0

1.6

600.0

1052.5

1500.0

1892.9

717.3

1500.0

2435.0

343.0

1500.0

3952.8

37.5

1500.0

4.1

1500.0

2105.1

3000.0

3785.8

1434 .6

3000.0

4870.0

686.0

| Dose Averaging
| percentiles

| 5%
229.9
259.0

39.2
106.7

9.6

70.7
1165.3
843.5
1064.5
869.0
843.5
907.7
415.6
574.7
6474
118.6
266.7

30.7
181.7
2318.3
1687.0
2128.9
1795.3
1687.0
1815.3

831.1

50%

495.2

616.4

312.1

584.6

115.1

525.1

2294 .1

1849.5

1064.5

1275.6

1849.5

1369.3

1328.0

1249.0

1514 .4

695.0

1249.0

248.3

1249.0

3244 .3

2754.0

2128.9

2678.3

2935.9

2738.6

2356.3

95%

1519.2

1915.6

1521.7

2220.6

1345.4

2568.2

2294 .1

2738.6

2159.8

2411.8

2738.6

2554 .6

2403.2

2738.6

3528.5

2599.9

3347.2

2546.1

3347.2

3374.4

3873.0

3428.4

3297.8

3873.0

4055.2

3785.2

C-128

%in
range

100.0

100.0

99.8

99.8

99.8

99.5

100.0

100.0

100.0

100.0

100.0

100.0

99.8

99.9

100.0

98.7

97.9

99.3

97.0

100.0

100.0

100.0

99.6

99.8

99.9

98.5

|
| 5%
230.4
267.9
39.1
102.7
9.7
66.7
1126.4
843.5
1064.5
871.0
843.5
935.0
416.5
629.6
669.7
127.9
256.8
34.7
177.1
2354.3
1687.0
2128.9
1789.0
1687.0
1870.0

833.0

April 14, 2000

MLE (slope= 2.00 )
| percentiles

50%

494.1

668.7

402.7

596.4

179.9

596.4

2294 .1

1848.1

1064.5

1275.6

1848.1

1369.3

1470.8

1242 .1

1517.8

967.2

1250.1

448.1

1250.1

3244 .3

2881.6

2128.9

2678.3

3008.8

2738.6

2858.2

95%

1531.0

1920.0

2118.6

2650.2

1976.6

3246.3

2294 .1

2738.6

2184.1

2283.5

2738.6

2606.2

3174.5

2886.1

3625.5

4261.2

5000.0

3805.4

5000.0

3949.0

3873.0

3522.0

4965.0

4713.0

4167.6

5000.0

%in
range

100.0

100.0

99.5

99.4

99.2

97.8

100.0

100.0

100.0

100.0

100.0

100.0

99.2

99.5

99.8

96.2

93.5

96.9

90.6

99.9

99.5

100.0

95.9

96.4

98.4

88.1
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LD50

97 3000.0

98 3000.0

99 3000.0

100

101

102

103

104

105

106

107

108

109

110

111

112

Values of 1.0

3000.0

3000.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

3500.0

0.80

0.50

0.50

8.33

8.33

8.33

4.00

4.00

2.00

2.00

0.80

0.80

0.50

0.50

slope DoseO |
| percentiles

75.0

0.80 3000.0

8.2

3000.0

2455.9

3500.0

4416.8

1673.7

3500.0

800.4

3500.0

87.5

3500.0

9.6

3500.0

Dose Averaging

5%

50%

%in

95% range |

211.4 1268.1 3812.7 97.6

533.5 2498.3 4272.8 96.3

50.1 453.4 3286.1

363.5

2569.2

1968.2

2483.7

1989.7

1968.2

1029.0

1340.9

276.8

622.4

74.1

412.6

2225.5

3504.2

3253.6

2483.7

2892.8

3253.6

2629.7

3052.0

1440.0

2530.6

481.5

2530.6

"%in range®” means % > 1.0 and <5000.0

4591.9

3945.1

4183.3

3799.5

3471.7

4267.0

3984.8

4439.5

4105.3

4604.9

2881.5

5000.0

indicate < 1.0 and values of

C-129

99.1

95.1

99.8

99.9

99.9

98.4

99.1

97.1

97.1

97.7

95.8

97.4

94.9

5000.0

5%

50%

April 14, 2000

MLE (slope= 2.00 )

| percentiles %in

95% range

2.00 3000.0 1149.4 2754.0 4128.4 98.6 1172.1 3008.8 5000.0 90.5

228.8 1786.6 5000.0 90.0

513.6 2968.0 5000.0 82.6

58.9

351.9

2621.8

1968.2

2483.7

2000.3

1968.2

1033.8

1344.0

298.5

593.0

81.0

368.8

825.4

2550.0

3504.2

3340.7

2483.7

2976.3

3340.7

3305.6

3340.7

2163.6

2986.7

935.0

2986.7

5000.0

5000.0

4661.5

4402.7

3904.2

5000.0

5000.0

5000.0

5000.0

5000.0

5000.0

5000.0

5000.0

indicate >5000.0

94.7

81.6

98.4

97.4

99.8

83.6

90.3

81.0

83.8

85.6

80.7

92.1

77.8
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24.2 OECD-Typescenarios. Resultsfor Numbers Tested

Convergence criterion # 1 [ Ffixed nominal NR]

Critical nominal N =6

slope assumed in probit calculations = 2.00

step size (dose progression) loglO = 0.50

Generate outlier (1=>yes;0=>n0) =0

max num. animals to test = 15

doses restricted to range 1.0,5000.0 (min,max)

Num. simulated studies per scenario = 3000
Classification cutpoints 5 50 300 2000 5000

LD50 slope DoseO | mean 95th  (%)N=max
%ile (= 15)

1 1.5 8.33 1.1 6.01 6.00 0.00
2 1.5 8.33 1.5 6.03 6.00 0.00
3 1.5 8.33 1.9 6.05 7.00 0.00
4 1.5 4.00 1.5 6.14 7.00 0.00
5 1.5 4.00 2.4 6.20 7.00 0.00
6 1.5 2.00 1.5 6.25 7.00 0.00
7 1.5 2.00 4.0 6.25 8.00 0.00
8 1.5 0.80 1.5 6.35 8.00 0.00
9 1.5 0.80 16.9 6.73 9.00 0.00
10 1.5 0.50 1.5 6.40 8.00 0.00
11 1.5 0.50 72.3 7.22 10.00 0.00
12 2.5 8.33 1.8 6.00 6.00 0.00
13 2.5 8.33 2.5 6.00 6.00 0.00
14 2.5 8.33 3.1 6.00 6.00 0.00
15 2.5 4.00 1.2 6.21 7.00 0.00
16 2.5 4.00 2.5 6.04 6.00 0.00
17 2.5 4.00 4.1 6.05 7.00 0.00
18 2.5 2.00 2.5 6.20 7.00 0.00
19 2.5 2.00 6.6 6.48 8.00 0.00
20 2.5 0.80 2.5 6.36 8.00 0.00
21 2.5 0.80 28.2 6.88 9.00 0.00
22 2.5 0.50 2.5 6.42 8.00 0.00
23 2.5 0.50 120.5 7.22 10.00 0.00
24 20.0 8.33 14.0 6.00 6.00 0.00
25 20.0 8.33 20.0 6.00 6.00 0.00
26 20.0 8.33 25.2 6.00 6.00 0.00
27 20.0 4.00 9.6 6.21 7.00 0.00
28 20.0 4.00 20.0 6.02 6.00 0.00
29 20.0 4.00 32.5 6.10 7.00 0.00
30 20.0 2.00 4.6 6.69 8.00 0.00
31 20.0 2.00 20.0 6.15 7.00 0.00
32 20.0 2.00 52.7 6.40 7.00 0.00
33 20.0 0.80 20.0 6.42 8.00 0.00
34 20.0 0.80 225.4 6.99 9.00 0.00
35 20.0 0.50 20.0 6.55 8.00 0.00
36 20.0 0.50 964.4 7.29 10.00 0.00
37 50.0 8.33 35.1 6.00 6.00 0.00
38 50.0 8.33 50.0 6.00 6.00 0.00
39 50.0 8.33 63.1 6.00 6.00 0.00
40 50.0 4.00 23.9 6.22 7.00 0.00
41 50.0 4.00 50.0 6.02 6.00 0.00
42 50.0 4.00 81.2 6.11 7.00 0.00
43 50.0 2.00 11.4 6.66 8.00 0.00
44 50.0 2.00 50.0 6.16 7.00 0.00
45 50.0 2.00 131.8 6.41 7.00 0.00
46 50.0 0.80 1.3 7.65 10.00 0.00
47 50.0 0.80 50.0 6.44 8.00 0.00
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48 50.0 0.80 563.6 6.95 9.00 0.00
49 50.0 0.50 50.0 6.57 8.00 0.00
50 50.0 0.50 2411.1 7.28 10.00 0.00
51 150.0 8.33 105.3 6.00 6.00 0.00
52 150.0 8.33 150.0 6.00 6.00 0.00
53 150.0 8.33 189.3 6.00 6.00 0.00
54 150.0 4.00 71.7 6.22 7.00 0.00
55 150.0 4.00 150.0 6.03 6.00 0.00
56 150.0 4.00 243.5 6.09 7.00 0.00
57 150.0 2.00 34.3 6.69 8.00 0.00
58 150.0 2.00 150.0 6.17 7.00 0.00
59 150.0 2.00 395.3 6.42 7.00 0.00
60 150.0 0.80 3.8 7.64 10.00 0.00
61 150.0 0.80 150.0 6.41 8.00 0.00
62 150.0 0.80 1690.9 6.99 9.00 0.00
63 150.0 0.50 150.0 6.55 8.00 0.00
64 600.0 8.33 421.0 6.00 6.00 0.00
65 600.0 8.33 600.0 6.00 6.00 0.00
66 600.0 8.33 757.2 6.00 6.00 0.00
67 600.0 4.00 286.9 6.21 7.00 0.00
68 600.0 4.00 600.0 6.03 6.00 0.00
69 600.0 4.00 974.0 6.09 7.00 0.00
70 600.0 2.00 137.2 6.72 8.00 0.00
71 600.0 2.00 600.0 6.17 7.00 0.00
72 600.0 2.00 1581.1 6.39 7.00 0.00
73 600.0 0.80 15.0 7.58 10.00 0.00
74 600.0 0.80 600.0 6.42 8.00 0.00
75 600.0 0.50 1.6 8.31 12.00 0.00
76 600.0 0.50 600.0 6.52 8.00 0.00
77 1500.0 8.33 1052.5 6.00 6.00 0.00
78 1500.0 8.33 1500.0 6.00 6.00 0.00
79 1500.0 8.33 1892.9 6.00 6.00 0.00
80 1500.0 4.00 717.3 6.21 7.00 0.00
81 1500.0 4.00 1500.0 6.02 6.00 0.00
82 1500.0 4.00 2435.0 6.10 7.00 0.00
83 1500.0 2.00 343.0 6.61 8.00 0.00
84 1500.0 2.00 1500.0 6.17 7.00 0.00
85 1500.0 2.00 3952.8 6.43 7.00 0.00
86 1500.0 0.80 37.5 7.53 10.00 0.00
87 1500.0 0.80 1500.0 6.36 8.00 0.00
88 1500.0 0.50 4.1 8.24 11.00 0.00
89 1500.0 0.50 1500.0 6.43 8.00 0.00
90 3000.0 8.33 2105.1 6.03 6.00 0.00
91 3000.0 8.33 3000.0 6.01 6.00 0.00
92 3000.0 8.33 3785.8 6.01 6.00 0.00
93 3000.0 4.00 1434.6 6.17 7.00 0.00
94 3000.0 4.00 3000.0 6.10 7.00 0.00
95 3000.0 4.00 4870.0 6.14 7.00 0.00
96 3000.0 2.00 686.0 6.74 8.00 0.00
97 3000.0 2.00 3000.0 6.24 7.00 0.00
98 3000.0 0.80 75.0 7.60 10.00 0.00
99 3000.0 0.80 3000.0 6.34 8.00 0.00
100 3000.0 0.50 8.2 8.23 12.00 0.00
101 3000.0 0.50 3000.0 6.44 8.00 0.00
102 3500.0 8.33 2455.9 6.10 7.00 0.00
103 3500.0 8.33 3500.0 6.06 7.00 0.00
104 3500.0 8.33 4416.8 6.02 6.00 0.00
105 3500.0 4.00 1673.7 6.24 7.00 0.00
106 3500.0 4.00 3500.0 6.14 7.00 0.00
107 3500.0 2.00 800.4 6.73 9.00 0.00
108 3500.0 2.00 3500.0 6.22 7.00 0.00
109 3500.0 0.80 87.5 7.58 10.00 0.00
110 3500.0 0.80 3500.0 6.37 8.00 0.00
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111 3500.0 0.50 9.6 8.11 11.00 0.00
112 3500.0 0.50 3500.0 6.38 8.00 0.00
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** Numbers Tested **

Convergence criterion # 5 [LR]

Critical nominal N =6

slope assumed in probit calculations = 2.00

step size (dose progression) loglO = 0.50

Generate outlier (1=>yes;0=>no0) =0

(if Crit #5) factor above/below g.mean = 2.50

(if Crit #5) Critical likelihood ratio = 2.50

max num. animals to test = 15

doses restricted to range 1.0 5000.0 (min,max)

Num. simulated studies per scenario = 3000

Classification cutpoints 5 50 300 2000 5000

LD50 slope DoseO | mean 95th  (%)N=max
%ile (= 15)

1 1.5 8.33 1.1 6.05 6.00 0.03
2 1.5 8.33 1.5 6.29 9.00 0.03
3 1.5 8.33 1.9 6.54 9.00 0.33
4 1.5 4.00 1.5 7.07 13.00 2.47
5 1.5 4.00 2.4 8.12 15.00 8.50
6 1.5 2.00 1.5 7.77 14.00 4.70
7 1.5 2.00 4.0 9.75 15.00 23.03
8 1.5 0.80 1.5 8.47 15.00 6.40
9 1.5 0.80 16.9 10.46 15.00 24.67
10 1.5 0.50 1.5 8.69 15.00 7.10
11 1.5 0.50 72.3 11.52 15.00 34.00
12 2.5 8.33 1.8 6.01 6.00 0.00
13 2.5 8.33 2.5 6.00 6.00 0.00
14 2.5 8.33 3.1 6.00 6.00 0.00
15 2.5 4.00 1.2 6.97 9.00 0.00
16 2.5 4.00 2.5 6.28 8.00 0.10
17 2.5 4.00 4.1 7.37 11.00 0.80
18 2.5 2.00 2.5 7.39 13.00 2.33
19 2.5 2.00 6.6 8.45 15.00 6.00
20 2.5 0.80 2.5 8.39 15.00 6.10
21 2.5 0.80 28.2 10.42 15.00 22.37
22 2.5 0.50 2.5 8.61 15.00 6.27
23 2.5 0.50 120.5 11.38 15.00 31.33
24 20.0 8.33 14.0 6.01 6.00 0.00
25 20.0 8.33 20.0 6.00 6.00 0.00
26 20.0 8.33 25.2 6.00 6.00 0.00
27 20.0 4.00 9.6 6.97 9.00 0.00
28 20.0 4.00 20.0 6.10 6.00 0.00
29 20.0 4.00 32.5 6.43 8.00 0.00
30 20.0 2.00 4.6 9.04 13.00 2.07
31 20.0 2.00 20.0 6.71 9.00 0.00
32 20.0 2.00 52.7 7.77 11.00 0.03
33 20.0 0.80 20.0 8.01 12.00 1.40
34 20.0 0.80 225.4 10.47 15.00 18.07
35 20.0 0.50 20.0 8.65 14.00 4.17
36 20.0 0.50 964.4 11.97 15.00 37.80
37 50.0 8.33 35.1 6.01 6.00 0.00
38 50.0 8.33 50.0 6.00 6.00 0.00
39 50.0 8.33 63.1 6.00 6.00 0.00
40 50.0 4.00 23.9 6.94 9.00 0.00
41 50.0 4.00 50.0 6.10 6.00 0.00
42 50.0 4.00 81.2 6.47 8.00 0.00
43 50.0 2.00 11.4 8.74 12.00 1.17
44 50.0 2.00 50.0 6.74 9.00 0.00
45 50.0 2.00 131.8 7.87 11.00 0.13
46 50.0 0.80 1.3 11.86 15.00 30.03

C-134

April 14, 2000



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

LD50 slope DoseO | mean 95th  (%)N=max
%ile (= 15)
47 50.0 0.80 50.0 7.98 12.00 1.17
48 50.0 0.80 563.6 10.42 15.00 15.57
49 50.0 0.50 50.0 8.70 14.00 .23
50 50.0 0.50 2411.1 11.60 15.00 -90
51 150.0 8.33 105.3 6.01 6.00 -00
52 150.0 8.33 150.0 6.00 6.00
53 150.0 8.33 189.3 6.00 6.00
54 150.0 4.00 71.7 6.94 9.00
55 150.0 4.00 150.0 6.08 6.00
56 150.0 4.00 243.5 6.43 8.00
57 150.0 2.00 34.3 8.69 12.00
58 150.0 2.00 150.0 6.69 9.00
59 150.0 2.00 395.3 7.82 11.00
60 150.0 0.80 3.8 12.05 15.00
61 150.0 0.80 150.0 8.00 12.00
62 150.0 0.80 1690.9 10.30 15.00
63 150.0 0.50 150.0 8.68 14.00
64 600.0 8.33 421.0 6.01 6.00
65 600.0 8.33 600.0 6.00 6.00
66 600.0 8.33 757.2 6.00 6.00
67 600.0 4.00 286.9 7.40 10.00
68 600.0 4.00 600.0 6.10 6.00
69 600.0 4.00 974.0 7.30 10.00
70 600.0 2.00 137.2 8.79 13.00
71 600.0 2.00 600.0 6.79 10.00
72 600.0 2.00 1581.1 7.82 11.00
73 600.0 0.80 15.0 11.84 15.00
74 600.0 0.80 600.0 8.23 13.00
75 600.0 0.50 1.6 13.22 15.00
76 600.0 0.50 600.0 8.73 15.00
77 1500.0 8.33 1052.5 6.52 8.00
78 1500.0 8.33 1500.0 6.00 6.00
79 1500.0 8.33 1892.9 6.00 6.00
80 1500.0 4.00 717.3 6.97 10.00
81 1500.0 4.00 1500.0 6.11 6.00
82 1500.0 4.00 2435.0 6.49 8.00
83 1500.0 2.00 343.0 9.36 15.00
84 1500.0 2.00 1500.0 7.00 11.00
85 1500.0 2.00 3952.8 7.86 11.00
86 1500.0 0.80 37.5 11.89 15.00
87 1500.0 0.80 1500.0 8.16 15.00
88 1500.0 0.50 4.1 13.23 15.00
89 1500.0 0.50 1500.0 8.61 15.00
90 3000.0 8.33 2105.1 6.28 8.00
91 3000.0 8.33 3000.0 6.13 6.00
92 3000.0 8.33 3785.8 6.03 6.00
93 3000.0 4.00 1434.6 8.19 15.00
94 3000.0 4.00 3000.0 6.83 11.00
95 3000.0 4.00 4870.0 6.67 9.00
96 3000.0 2.00 686.0 9.89 15.00
97 3000.0 2.00 3000.0 7.73 14.00
98 3000.0 0.80 75.0 11.83 15.00
99 3000.0 0.80 3000.0 8.41 15.00

w
w b

w

[y

w

w

a1

=

Ay

w a1
QO WOORNOOONPMANRAOPFRPOOOOOOOUMIUIWRFROOFRPOOOOOORMAUIONOORLPROOOOOO

\‘

\l

100 3000.0 0.50 8.2 13.24 15.00 56.17
101 3000.0 0.50 3000.0 8.55 15.00 6.73
102 3500.0 8.33 2455.9 6.83 11.00 1.23
103 3500.0 8.33 3500.0 6.34 9.00 0.27
104 3500.0 8.33 4416.8 6.12 6.00 0.03
105 3500.0 4.00 1673.7 8.93 15.00 15.37
106 3500.0 4.00 3500.0 7.13 13.00 2.37
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LD50 slope DoseO | mean 95th  (%)N=max
%ile (= 15)

107 3500.0 2.00 800.4 10.00 15.00 20.20
108 3500.0 2.00 3500.0 7.84 14.00 4.90
109 3500.0 0.80 87.5 12.01 15.00 37.37
110 3500.0 0.80 3500.0 8.44 15.00 6.47
111 3500.0 0.50 9.6 12.95 15.00 51.43
112 3500.0 0.50 3500.0 8.63 15.00 7.50
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LD50 slope DoseO True %Estimates in category, by category number

Catgry 1 2 3 4 5 6
103 3500.0 8.33 3500.0 5 0.0 0.0 0.0 12.0 79.9 8.1
104 3500.0 8.33 4416.8 5 0.0 0.0 0.0 0.1 96.7 3.3
105 3500.0 4.00 1673.7 5 0.0 0.0 0.0 2.2 61.3 36.5
106 3500.0 4.00 3500.0 5 0.0 0.0 0.0 13.4 67.1 19.5
107 3500.0 2.00 800.4 5 0.0 0.0 0.0 20.5 57.2 22.3
108 3500.0 2.00 3500.0 5 0.0 0.0 0.0 21.6 50.3 28.1
109 3500.0 0.80 87.5 5 0.0 0.3 12.9 48.0 24.4 14.4
110 3500.0 0.80 3500.0 5 0.0 0.0 1.1 32.7 36.7 29.4
111 3500.0 0.50 9.6 5 0.2 13.4 30.6 34.7 13.7 7.3
112 3500.0 0.50 3500.0 5 0.0 0.1 3.4 32.8 33.7 30.0
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LD50 slope DoseO True %Estimates in category, by category number

Catgry 1 2 3 4 5 6
46 50.0 0.80 1.3 2 7.5 55.5 34.6 2.4 0.0 0.0
47 50.0 0.80 50.0 2 0.7 50.3 45.6 3.5 0.0 0.0
48 50.0 0.80 563.6 2 0.4 37.2 47.9 14.4 0.1 0.0
49 50.0 0.50 50.0 2 3.4 46.0 41.8 8.7 0.2 0.0
50 50.0 0.50 2411.1 2 1.6 24.1 440 25.7 4.7 0.0
51 150.0 8.33 105.3 3 0.0 0.0 100.0 0.0 0.0 0.0
52 150.0 8.33 150.0 3 0.0 0.0 100.0 0.0 0.0 0.0
53 150.0 8.33 189.3 3 0.0 0.0 99.0 1.0 0.0 0.0
54 150.0 4.00 71.7 3 0.0 0.2 96.9 2.9 0.0 0.0
55 150.0 4.00 150.0 3 0.0 0.0 98.9 1.1 0.0 0.0
56 150.0 4.00 243.5 3 0.0 0.3 98.9 0.9 0.0 0.0
57 150.0 2.00 34.3 3 0.0 5.5 86.8 7.7 0.0 0.0
58 150.0 2.00 150.0 3 0.0 1.9 88.5 9.6 0.0 0.0
59 150.0 2.00 395.3 3 0.0 1.8 79.7 18.4 0.0 0.0
60 150.0 0.80 3.8 3 0.7 23.9 59.8 15.2 0.4 0.0
61 150.0 0.80 150.0 3 0.0 13.6 61.9 24.3 0.2 0.0
62 150.0 0.80 1690.9 3 0.0 8.0 55.3 31.9 4.8 0.0
63 150.0 0.50 150.0 3 0.4 19.5 51.2 27.1 1.6 0.2
64 600.0 8.33 421.0 4 0.0 0.0 0.0 100.0 0.0 0.0
65 600.0 8.33 600.0 4 0.0 0.0 0.0 100.0 0.0 0.0
66 600.0 8.33 757.2 4 0.0 0.0 0.1 99.9 0.0 0.0
67 600.0 4.00 286.9 4 0.0 0.0 1.9 97.2 1.0 0.0
68 600.0 4.00 600.0 4 0.0 0.0 1.0 99.0 0.0 0.0
69 600.0 4.00 974.0 4 0.0 0.0 2.1 97.2 0.7 0.0
70 600.0 2.00 137.2 4 0.0 0.0 12.5 85.2 2.3 0.0
71 600.0 2.00 600.0 4 0.0 0.0 10.3 88.9 0.9 0.0
72 600.0 2.00 1581.1 4 0.0 0.0 12.7 85.9 1.4 0.0
73 600.0 0.80 15.0 4 0.0 6.0 33.4 55.5 4.7 0.5
74 600.0 0.80 600.0 4 0.0 0.8 23.8 66.9 8.0 0.6
75 600.0 0.50 1.6 4 3.0 16.9 41.6 33.7 4.0 0.8
76 600.0 0.50 600.0 4 0.0 3.7 25.6 58.1 10.4 2.2
77 1500.0 8.33 1052.5 4 0.0 0.0 0.0 26.2 73.8 0.0
78 1500.0 8.33 1500.0 4 0.0 0.0 0.0 86.4 13.6 0.0
79 1500.0 8.33 1892.9 4 0.0 0.0 0.0 88.9 11.1 0.0
80 1500.0 4.00 717.3 4 0.0 0.0 0.0 83.8 16.2 0.0
81 1500.0 4.00 1500.0 4 0.0 0.0 0.0 84.4 15.6 0.0
82 1500.0 4.00 2435.0 4 0.0 0.0 0.0 89.9 10.1 0.0
83 1500.0 2.00 343.0 4 0.0 0.0 1.3 68.8 29.1 0.8
84 1500.0 2.00 1500.0 4 0.0 0.0 0.2 76.7 22.5 0.5
85 1500.0 2.00 3952.8 4 0.0 0.0 0.2 60.7 39.0 0.2
86 1500.0 0.80 37.5 4 0.0 1.6 12.9 64.0 17.6 3.8
87 1500.0 0.80 1500.0 4 0.0 0.0 6.1 63.9 23.6 6.5
88 1500.0 0.50 4.1 4 0.3 6.6 32.8 45.8 11.4 3.1
89 1500.0 0.50 1500.0 4 0.0 0.3 10.8 54.5 24.9 9.4
90 3000.0 8.33 2105.1 5 0.0 0.0 0.0 3.1 96.9 0.1
91 3000.0 8.33 3000.0 5 0.0 0.0 0.0 13.1 86.4 0.5
92 3000.0 8.33 3785.8 5 0.0 0.0 0.0 0.1 99.9 0.0
93 3000.0 4.00 1434.6 5 0.0 0.0 0.0 18.4 77.5 4.1
94 3000.0 4.00 3000.0 5 0.0 0.0 0.0 14.6 81.8 3.6
95 3000.0 4.00 4870.0 5 0.0 0.0 0.0 10.4 88.0 1.6
96 3000.0 2.00 686.0 5 0.0 0.0 0.0 26.7 61.4 11.9
97 3000.0 2.00 3000.0 5 0.0 0.0 0.0 22.2 68.3 9.5
98 3000.0 0.80 75.0 5 0.0 0.3 6.2 48.1 35.5 10.0
99 3000.0 0.80 3000.0 5 0.0 0.0 1.1 30.3 51.2 17.4
100 3000.0 0.50 8.2 5 0.2 4.5 19.7 50.7 19.5 5.3
101 3000.0 0.50 3000.0 5 0.0 0.1 3.9 32.6 44.9 18.4
102 3500.0 8.33 2455.9 5 0.0 0.0 0.0 2.5 95.8 1.6
103 3500.0 8.33 3500.0 5 0.0 0.0 0.0 13.8 83.6 2.6
104 3500.0 8.33 4416.8 5 0.0 0.0 0.0 0.1 99.7 0.2
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LD50 slope DoseO True %Estimates in category, by category number

Catgry 1 2 3 4 5 6
105 3500.0 4.00 1673.7 5 0.0 0.0 0.0 1.8 81.7 16.4
106 3500.0 4.00 3500.0 5 0.0 0.0 0.0 13.8 76.5 9.7
107 3500.0 2.00 800.4 5 0.0 0.0 0.0 23.0 58.0 19.0
108 3500.0 2.00 3500.0 5 0.0 0.0 0.0 21.5 62.3 16.2
109 3500.0 0.80 87.5 5 0.0 0.3 5.4 39.9 40.0 14.4
110 3500.0 0.80 3500.0 5 0.0 0.0 0.6 32.4 47.6 19.3
111 3500.0 0.50 9.6 5 0.1 3.1 17.5 50.6 20.7 7.9
112 3500.0 0.50 3500.0 5 0.0 0.1 3.5 31.6 42.5 22.2
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25  Senditivity to the assumed slope

The following is abbreviated from an analysis distributed on November 24, 1999. Because the
guideline proposal was still under development, the up-down procedure simulated deviates from the
procedure actually proposed in the guideline. In particular, test doses have not been restricted to the
range 1 to 5000 units in these ssimulations. This difference is expected to strongly affect the results,
particularly when the slopes are shallow. Therefore the results are perhaps best viewed as providing
qualitative information on how the test performance may be affected by interaction of the slope, the
initial test dose, and the statistical estimator.

Two estimators have been evaluated, the maximum-likelihood estimator with the slope varied, and a
“nonparametric” estimator, which is simply the geometric average of doses tested at the reversal
and subsequently. Elsewhere | have termed that estimator the “dose-averaging estimator.”

In general it appears that in those situations where the parametric approach would give acceptable
performance with an appropriate choice of slope, the performance of the nonparametric estimator is
comparable. The parametric and nonparametric estimators differ in bias and variance, depending
primarily on the slope. Biasis minimized by using the parametric approach with the assumed slope
close to the true slope. However, that isto make use of knowledge that is not generally available.
Furthermore, the parametric estimates tend to have large variance. The nonparametric estimates
tend to have small variance but are subject to a strong bias of the LD50 estimate in the direction of
the starting dose, particularly for shallow slopes and/or small numberstested. Anindex of relative
error is used to combine the bias and variance.

Indices of estimator performance. In general, indices have been used which can be interpreted as
measures of relative, rather than absolute error.

. Asanindex of bias| usethe ratio of the median of the distribution of LD50 values, to the
true LD50 value. Thisisreported as"P50/LD50" in the tables below. In the log scale, thiswould
be approximately the bias as usually defined in statistics, for a symmetric distribution.

. Asan index of the spread of the distribution | use the ratio of the ratio of the 95th percentile
to the 5th percentile, denoted "P95/P5" in the tables below. For alognormal distribution, thisindex
has a simple relationship to the log-scale standard deviation.

. As ameasure of relative error, combining the bias and the spread, | calculate the mean
square error in the log scale, take the square root to calculate the "root mean square error” (in a
sense, reversing the effect of squaring the errors). Finally | transform the result back to the origina
scale (take the antilog) so that the result can be interpreted as a multiplicative factor. | admit that
thisindex is less transparent than the preceding two.

C-143



NICEATM Up-and-Down Procedure Background Review Document April 14, 2000

Scenarios simulated.

Num. Simulated Studies per scenario: 1000

Assumed slope, true slope: 0.5, 1, 2, 4, 8 (all combinations of true and assumed);
Step size: 0.510g10 units, or doses spaced by a factor of about 3.2

True LDS50: 2500

Initial dose: Denoted "Dose0" intables. A selection of combinations of slope and Dose0 were
simulated.

Nomina n: 6, 12
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Results for nominal n=6 (Explanation intext) bold lines: assumed and true slope equal

Esti mat or Nom sl ope Dose0 P50/ LD50 P95/ P5 Rel
n True Assuned Error
param 6 0.50 0.50 2500.0 0.83 1164 9.72
6 0.50 1.00 2500.0 0.97 141 4.82
6 0.50 2.00 2500.0 1.21 96 4.13
6 0.50 4.00 2500.0 1.01 72 3.71
6 0.50 8. 00 2500.0 1.00 78 4.01
nonpar am 6 0.50 2500. 0 1.21 46 3.30
param 6 0.50 0.50 50.0 0.73 2437 9.69
6 0.50 1.00 50.0 0. 36 366 8.01
6 0.50 2.00 50.0 0.21 216 8.95
6 0.50 4.00 50.0 0.16 215 10.34
6 0.50 8. 00 50.0 0.18 201 10.64
nonpar am 6 0. 50 . 50.0 0.11 215 11.58
param 6 0.50 0.50 5.0 0.71 1766 9.42
6 0.50 1.00 5.0 0.21 736 12.94
6 0.50 2.00 5.0 0.11 478 16.88
6 0.50 4.00 5.0 0.08 456 20.48
6 0.50 8. 00 5.0 0.11 490 19.93
nonpar am 6 0.50 5.0 0. 05 681 32.50
param 6 1.00 0.50 4500. 0 1.24 293 5.08
6 1.00 1.00 4500. 0 1.01 35 2.97
6 1.00 2.00 4500. 0 1.01 24 2.70
6 1.00 4.00 4500. 0 1.01 22 2.48
6 1.00 8. 00 4500. 0 1.01 25 2.82
nonpar am 6 1. 00 4500. 0 1.49 22 2.54
param 6 1.00 0.50 350.0 1.96 191 5.45
6 1.00 1.00 350.0 0.99 44 3.20
6 1.00 2.00 350.0 0.70 33 2.99
6 1.00 4.00 350.0 0.55 28 2.94
6 1.00 8. 00 350.0 0.50 26 3.08
nonpar am 6 1.00 350.0 0.54 32 3.19
param 6 2.00 0.50 500.0 2.12 51 3.84
6 2.00 1.00 500.0 1.42 14 2.24
6 2.00 2.00 500. 0 0.97 8 1.94
6 2.00 4.00 500.0 0.79 10 1.93
6 2.00 8. 00 500.0 0.72 6 1.92
nonpar am 6 2.00 500. 0 0.77 10 2.06
param 6 4.00 0.50 4000. 0 0.90 17 2.16
6 4.00 1.00 4000. 0 0.90 6 1.65
6 4.00 2.00 4000. 0 0.90 4 1.49
6 4.00 4.00 4000. 0 0.90 3 1.44
6 4.00 8. 00 4000. 0 0.90 3 1.47
nonpar am 6 4. 00 4000.0 0.90 3 1.41
param 6 4.00 0.50 400.0 2.38 9 3.61
6 4.00 1.00 400.0 1.13 4 1.88
6 4.00 2.00 400.0 0.94 3 1.48
6 4.00 4.00 400.0 0.90 3 1.48
6 4.00 8. 00 400.0 0.90 3 1.49
nonpar am 6 4. 00 400.0 0.90 5 1.52
param 6 8. 00 0.50 3500. 0 0.79 1 1.31
6 8. 00 1.00 3500. 0 0.79 1 1.28
6 8. 00 2.00 3500. 0 0.79 1 1.28
6 8. 00 4.00 3500. 0 0.79 1 1.27
6 8. 00 8. 00 3500. 0 0.79 2 1.29
nonpar am 6 8. 00 3500.0 0.79 1 1.26
param 6 8. 00 0.50 2500.0 0.83 3 1.40
6 8. 00 1.00 2500.0 0.82 3 1.39
6 8. 00 2.00 2500.0 1.21 3 1.40
6 8. 00 4.00 2500.0 1.21 3 1.40
6 8. 00 8. 00 2500.0 1.13 3 1.38
nonpar am 6 8. 00 2500.0 0.83 3 1.39
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Results for nominal n=12 (Explanation in text)

Esti mat or Nom sl ope Dose0 P50/ LD50 P95/ P5 Rel
n true Assuned Error
param 12 0.50 0.50 2500 1.21 214 5.31
12 0.50 1.00 2500 1.00 90 3.76
12 0.50 2.00 2500 1.00 58 3.52
12 0.50 4.00 2500 1.06 55 3.36
12 0.50 8. 00 2500 0. 96 70 3.55
nonpar am 12 0.50 . 2500 1.21 38 3.15
param 12 0.50 0.50 50 1.00 295 5.48
12 0.50 1.00 50 0. 44 115 4.90
12 0.50 2.00 50 0.41 109 5.33
12 0.50 4.00 50 0.34 86 5.82
12 0.50 8. 00 50 0.25 82 6.18
nonpar am 12 0.50 . 50 0.24 83 6.94
param 12 0.50 0.50 5 0.91 206 5.11
12 0.50 1.00 5 0.38 139 5.78
12 0.50 2.00 5 0.28 131 7.04
12 0.50 4.00 5 0.21 136 8. 47
12 0.50 8. 00 5 0.18 199 11. 06
nonpar am 12 0.50 5 0.14 178 12.19
param 12 1.00 0.50 4500 0. 86 30 2.90
12 1.00 1.00 4500 1.01 16 2.35
12 1.00 2.00 4500 1.01 13 2.19
12 1.00 4.00 4500 1.16 12 2.12
12 1.00 8. 00 4500 1.16 13 2.16
nonpar am 12 1.00 4500 1.23 12 2.13
param 12 1.00 0.50 350 1.49 28 3.00
12 1.00 1.00 350 0.93 15 2.33
12 1.00 2.00 350 0.90 13 2.26
12 1.00 4.00 350 0.79 12 2.29
12 1.00 8. 00 350 0.79 16 2.35
nonpar am 12 1.00 350 0. 65 12 2.30
param 12 2.00 0.50 500 1.58 9 2.21
12 2.00 1.00 500 1.09 5 1.66
12 2.00 2.00 500 0. 96 5 1.59
12 2.00 4.00 500 0.94 5 1.60
12 2.00 8. 00 500 0.92 5 1.60
nonpar am 12 2.00 500 0.93 5 1.64
param 12 4.00 0.50 4000 1.09 4 1.53
12 4.00 1.00 4000 1.01 3 1.36
12 4.00 2.00 4000 1.09 3 1.32
12 4.00 4.00 4000 1.03 3 1.30
12 4.00 8. 00 4000 1.04 3 1.36
nonpar am 12 4.00 4000 1.09 2 1.29
param 12 4.00 0.50 400 1.51 4 2.01
12 4.00 1.00 400 1.22 3 1.44
12 4.00 2.00 400 1.03 2 1.31
12 4.00 4.00 400 0.94 3 1.30
12 4.00 8. 00 400 0.91 3 1.36
nonpar am 12 4.00 400 0.90 3 1.34
param 12 8. 00 0.50 3500 0.95 1 1.20
12 8. 00 1.00 3500 0.95 1 1.21
12 8. 00 2.00 3500 0.95 1 1.20
12 8. 00 4.00 3500 0.96 1 1.20
12 8. 00 8. 00 3500 1.06 2 1.21
nonpar am 12 8. 00 3500 0.95 1 1.20
param 12 8. 00 0.50 2500 1.00 2 1.28
12 8. 00 1.00 2500 1.00 2 1.27
12 8. 00 2.00 2500 1.00 2 1.27
12 8. 00 4.00 2500 1.00 2 1.26
12 8. 00 8. 00 2500 1.00 2 1.20
nonpar am 12 8. 00 2500 1. 00 2 1.26
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EPA DOCUMENT 6

Comparison of 5 Stopping Rulesand 2 Ld50 Estimators Using M onte
Carlo Simulation

MARCH 2000
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Comparison of 5 Stopping Rulesand 2 LD50 Estimators
using Monte Carlo Simulation

David Farrar, March 2000
Attached are graphs presented at an ICCVAM meeting in January 2000.
Note the following:

1 For these graphs, the maximum number that could be tested was set at 25. Currently we
propose to set the maximum at 15.

2. The test doses were not constrained to arange such as 1 to 5000 units, asin later simulations
and asin our current guideline proposal.

3. The graphs include consideration of 2 stopping rules that were subsequently abandoned. The
number of stopping rules has been retained, so that Rules number 1, 2, and 5 in later work
correspond to the procedures here with the same numbers.

4. While here we do illustrate the use of an LR stopping rule, it is not precisely the rule

proposed in the current guideline. The procedure in the current guideline is more simple, uses fewer
animals, and resultsin better precision.
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Comparison of 5 Stopping Rules
and 2 LD50 Estimators
using Monte Carlo Simulation

David Farrar
January 2000
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D50 Estimators Evaluated:

Maximum likelihood estimator, slope = 2

- (Geometric average dose (animals at/following reversal).

Stopping Rules Evaluated:

1.

2.

3a.

3b.

Fixed nominal sample size of 6
Stop after 5 reversals.
Convergence of estimators:

0.5 < [estimate 1] / [estimate 2] < 2

estimate 1 = geometric average dose;
estimate 2 = MLE with slope=0.5

Like 3a but "factor" of #5 instead of #2.

For H:LD50=GM versus H:LD50=GM/2 (or
H:LD50=GM*2),

profile likelihood ratio = 2

Nominal sample size = 6; Number tested
capped at 15 or 25
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Performance Measurement based on Monte Carlo

. Bias index
median estimate / true value
?Acceptable . 0.8 - 1.2 X (or .20% bias)

e  Spread Index
Ratio of high and low percentiles P95 / P5

?Acceptable . 3-4 X

*  Numbers tested (mean, 95th percentile)

Design of Monte Carlo Study

e  True LD50 = 1500 units

* Inital dose 15, 100, 150, 1000, 1500
Probitslope 0.5-8

e  Max. number tested 15, 25
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Graph Sets

e  Comparision of 2 estimators based on stopping criterion 4
with max tested = 25

o  Comparision of stopping criteria 1 and 4
based on geometric mean, max tested = 25

e  Comparision of max. tested 15 versus 25
based on stopping criterion 4 and geometric mean.
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bias index
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Initial Dose = LD50/ 10
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Geometric Average

spread index
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bias index
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bias index
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Initial Dose = LD50/ 10
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EPA DOCUMENT 7
Accuracy of In-Vivo Limit Dose Tests

MARCH 31, 2000
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Accuracy of In-vivo Limit Dose Tests

Michadl A. Greene, Ph.D.
Mathematical Statistician

Division of Hazard Analysis
Directorate for Epidemiology
U. S. Consumer Product Safety Commission

The analysisin this paper is intended to determine the accuracy of various limit
dosetests. A limit dose test involves dosing a number of animals with achemical at a
single dose, the limit dose. All animals may be dosed at once or animals may be dosed
one or two at atime. The test outcome is a series of deaths and survivals. A set of rules
associates a test outcome with a decision as to whether the median lethal dose or LD50 is
above or below the limit dose. An example of a decision rule would be to classify the
LD50 as over the limit dose when more than half the animals die.

The analysisin this paper uses a computer model to evaluate the accuracy of these
decisionrules. A decision ruleis defined to be correct when the LD50 is correctly
classified as above or below the limit dose. This classification is probabilistic because it
depends on the deaths and survivals observed in the limit dose test. In assessing the test
accuracy, the model begins by assuming the existence of a probit dose-response curve
with aknown LD50 and slope. This curveis used to estimate the probability that an
animal will die or survive at agiven dose. The computer model then extends this result
to the number of animals tested by calculating the probability of each possible sequence
of deaths and survivals for al these animals. The computer model then adds up the
probability that the correct outcomes occur. Thiswould be

the probabilities associated with outcomes that classify the LD50 below the limit
doseif the true LD50 is below the limit dose, or

the probabilities associated with outcomes that classify the LD50 above the limit
doseif the true LD50 is above the limit dose.

The test accuracy is defined as the probability that the test result is correct. Thisisthe
probability that the correct outcomes occur.

The accuracy of different plansis compared in this paper. Plans differ by the
number of animals involved and whether a fixed or sequential sample design is used.
Accuracy is evaluated at a wide range of hypothetical LD50's and slopes of the dose-
response curve. For sequential testing plans, the model also estimates the expected
number of animals that would be required.

The limit dose test provides a gross classification of the toxicity of achemical.

Using alimit dose test, it is possible to determine if a chemica has an LD50 above the
limit dose by using a small number of animals. A precise estimate of the LD50 may not
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be required for such low toxicity chemicals. For chemicals where the test classifies the
L D50 below the limit dose, an estimate of the LD50 can be obtained from an up and
down test (Dixon 1991). A more general discussion of limit dose testsisin Springer et a
(1993).

The limit dose test is part of the draft OECD Guideline for the Testing of
Chemicals (OECD 425). It isunder review by the Acute Toxicity Working Group of the
Interagency Committee on Validation of Alternative Methods (ICCVAM). This
committee represents a number of government agencies including the Environmental
Protection Administration, the Department of Transportation, the Consumer Product
Safety Commission, and the Food and Drug Administration. The guideline specifies a
limit dose test at 5000 mg/kg body weight. Thisisin accordance with the Federal
Hazardous Substances Act Regulation for acute oral toxicity in section 1500.3 (1997,
page 377). Limit dose tests at 2000 mg/kg body weight are in use in Europe.

The next section describes the methods. It isfollowed by results and the
discussion. Only limit dose tests at 5000 mg/kg are discussed in the paper. Tests at 2000
mg/kg are presented in Appendix 1.

Methods

This section describes the procedure for computing the accuracy of alimit dose
test.

It is assumed that animal mortality at a given dose follows a probit dose-response
curve. Let p be the probability that an individual animal dies following adose at a given
level . Then, with hypothesized values for the LD50 and s, p is computed from the dose
response curve using the following equation:

p = p(death; dose, LD,,s ) = F géoglo(leltDos;e) - 109, (LDg) §
€ @

@)

where F isthe standard normal cumulative distribution.

The probabilities associated with individual outcomes are then aggregrated to
possible sequences of test outcomes. Each animal represents an independent trial, i.e. an
identical, independent (i.i.d.) realization of equation (1). The probability distribution of
any given outcome involving m deaths and n animals is given by the binomial
distribution as
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P(mn, p) = g?ngpm(l- p)""