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Statistical Basis for Estimating Acute Oral Toxicity
Comparison of OECD Guidelines 401, 420, 423 and 425

Introduction

This document serves to provide short summaries of the scientific basis for each of the four acute
oral toxicity tests.  It will attempt to describe the statistical strengths and limitations of the
various methods for accurately determining a point estimate of the LD50, slope of the dose-
response curve for LD50, confidence limits around the point estimate of LD50 and the slope, a
point estimate of an LD10 and information on the dose-effect response.  In this context, a dose-
response curve applies to the estimation of lethality and a dose-effect response applies to the
estimation of the change in the variety and distribution of all other types of toxicological signs
with the change in dose.

By design not all of the guidelines will provide estimates for all of these endpoints.  However, in
the context of the comparison of the four tests, it was felt that a detailed comparison of the four
methods was warranted.  This document is still in draft form and will be finalized after the
meeting.

Becaus e the r es ponse of  a test population to a chemical is  influenced by the choice of  tes t s pecies
and s train, tes t conditions, and age, sex or body w eight of the animals , the LD50 is commonly
des cr ibed as the lethal r espons e of  a compound in a par ticular population under a dis crete set of
exper imental conditions .  As  a result, the LD 50 values, along w ith s lope and conf idence inter vals
are not abs olute, but r ather  pr ovide a r elative index of  xenobiotic res pons e f or  comparison of
chemicals.  O f cours e, a s imilar statement would apply to quantitative endpoints  of  most laborator y
animal toxicology tes ts .  For that r eason, tes t guidelines  s eek to s tandardize test conditions, to the
extent f eas ible.  A w ell s tandardized acute test pr ovides a s ound method for  compar ing acute
s ensitivity to toxic chemicals .

What follows is a brief description of the motivation for and the mathematical and biological
principles underlying each acute oral toxicity method followed by a listing of how each test
estimates or does not estimate the specific parameters mentioned above.  This document is a
supplement to the larger guidance document prepared for the OECD meeting and only covers
these points.  The larger document should be consulted for a complete description of each test
and comparisons of the other benefits and weaknesses of each method.  Statistical simulations of
all four tests will be presented at the meeting.

Acute Oral Toxicity, Guideline 401

A .  P r inciples under lying the tes t method: Guideline 401 ( 1987)  is an alter native to the 1981
ver sion incor por ating provis ions for  r eduction and refinement.  The cur rent guideline calls  f or  a
tes t chemical to be administer ed to the tes t population in three pos itive dose levels , generally
s paced logarithmically such that they will span the expected 10% to 90%  mor tality levels .  D os e
levels  may be based on res ults  fr om a range-f inding s tudy. I n the main study, gr oups of 5 animals
of a s ingle s ex ar e tes ted at each dos e.  A fter completion of  the study, a s ingle group of  animals  of 
the opposite sex is tes ted.
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A s a traditional acute or al toxicity tes t, guideline 401 is bas ed on the fact that lethality is  a quantal
r es ponse. I ts  meas ur ement will give rise to a fr equency distr ibution of  r es ponses  r ef lecting the
compos ite toler ances  of  the tes t population upon exposur e to gr aded dos es  of  the test chemical.  I n
practice, mos t chemicals give r is e to an appr oximately lognor mal dis tr ibution of  deaths ver sus
dos e, skew ed tow ar d hyper s ensitivity.  When this  f r equency population is tr ans for med to a
logar ithmic abs cis sa, a ( s ymmetric)  normal dis tr ibution gener ally results  that can be char acter ized
by tw o par ameter s, the median and the standar d deviation, σ. The median is  the dos e at which 50%
of the animals are killed by the tes t chemical and is  called the LD50.  N ot all animals will react in
the s ame w ay to the chemical and thus σ repr esents  the squar e root of  the var iance of  the test
population' s res pons e to the chemical.  The dose-r espons e cur ve is  s igmoidal in natur e and
r epres ents  the cumulative respons e of the tes t animals to the chemical.  The inf lection point of  this 
s igmoidal cur ve coincides  with the LD50 f or  the tes t population.

To analyze the data f rom tes t guideline 401, the dose r espons e cur ve can be linear ized by
trans f or ming the per centage res pons e f or  log dos age to probits.  The s lope, ß, of  the tr ans for med
dos e r es ponse curve is 1/σ.  Res pons es can be analyzed by probit analys is (1)  w hich calculates  the
maximum likelihood f it of  the probit log dose line by an iter ative w eighted linear regress ion
method.  This  can als o be done gr aphically.

B.  P oint estimate of  LD50:  P robit analys is of  mortality pr ovides a point es timate of the LD 50
provided ther e are at leas t tw o dos es with mortality rates not equal to 0% or 100%.

C. Confidence limits  on the es timate of LD50: The method of probit analys is  can provide
inter pretive statistics  s uch as  the 95% confidence inter val of the LD50 in this cas e.

D .  Estimate of  the slope of the dose-r espons e cur ve f or lethality  G uideline 401 pr ovides the s lope
of the dos e-r es ponse curve as a s tudy endpoint providing there are at least two doses which have
mortality rates not equal to 0% or 100%.

E.   Confidence limits on the s lope of  the dos e- res pons e cur ve for  lethality  Conf idence limits f or 
the s lope of the dos e-r es ponse curve can be calculated if a s lope can be deter mined.

F .  D os e- eff ect cur ve for  the LD50  Toxic signs  and pathology res ults  ar e measur ed f or the animals
in each dos e level.  Thus , a dose-ef fect curve can be calculated f or  s pecif ic ef f ects  obser ved if they
are quantal pr ovided ther e ar e at least tw o dos es  in w hich the ef fect was not pr es ent in either  0% or
100% of the animals..    However , not all ef f ects  ar e quantal and s ome analys is  additional to the
probit may be needed to es timate the extent and shape of  dos e-eff ect curves .

G.  Point estimate of LD10:   Guideline 401 can provide a point estimate of the LD10 if a slope
of the dose-response curve can be determined.

Fixed Dose Procedure, Guideline 420

A.  Principles underlying the test method:  The Fixed Dose Procedure (FDP) is a method for
assessing acute oral toxicity that involves the identification of a dose level that causes evidence
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of non-lethal toxicity (termed evident toxicity) rather than a dose level that causes lethality.  The
method was first suggested by the British Toxicology Society in 1984 (2) as an alternative to the
traditional acute toxicity methods, with the aim of reducing both the numbers of animals and the
level of pain associated with acute toxicity testing.  The stimuli for the development of the FDP
were a combination of ethical and scientific concerns regarding the traditional methods that use
lethality as the key endpoint.

Evident toxicity is a general term describing clear signs of toxicity following administration of
test substance, such that an increase to the next highest fixed dose would result in the
development of severe toxic signs and probably mortality.

Underpinning the FDP is a belief that the toxic profile of a substance can be characterized with
sufficient reliability for most regulatory situations without the need for the identification of a
lethal dose.  That is, observations made at non-lethal doses will allow substances to be ranked, or
classified, according to their acute toxicity, provide information to aid dose level selection for
repeat dose studies and provide hazard data for use in a risk assessment.

Fixed dose levels of 5, 50 and 500 mg/kg were initially chosen as dose levels that would be
expected to allow the identification of a dose producing evident toxicity for the majority of
substances.  These doses also provide information that lead to a similar classification to that
based on the LD50 value.  The assumption that the severe toxicity/mortality will result at the
next highest fixed dose from that producing evident toxicity was a pragmatic one, based on
general experience.  The validity of this assumption was tested in the subsequent extensive
validation exercises that provided a comparison between classification (EU system) resulting
from the FDP and that based on the LD50 value obtained from guideline 401.

The test is a group sequential procedure and uses five animals of each sex at each dose.  Four
preassigned starting levels are possible.

As a preliminary validation step, a literature-based survey of acute toxicity data on 153
substances was conducted, which suggested that for about 80% of these substances classification
using the FDP would be the same as that based on the LD50 value.  About 14% of the substances
would probably be classified in a less severe category and the remainder could be classified in a
more severe category (2). The results of a national validation study involving 5 laboratories and
41 substances were published in 1987 (3) followed by an international validation study involving
33 laboratories in 11 countries and 20 substances, published in 1990 (4). The validation studies
showed that even with the use of fewer animals and the use of evident toxicity as an endpoint
there were no significant inter-laboratory variations in the test results. In relation to
classification, the FDP was in agreement with 401 for about 80% of tests, produced a less severe
classification in about 16% of tests and a more severe classification in about 3% of tests.

During the validation procedure, a fixed dose of 2000 mg/kg was added to provide more
information on substances of low acute toxicity. Also, a sighting study was added as an integral
part of the method, to assist the selection of an appropriate starting dose and to provide
additional information on the acute toxicity profile of the substance if the sighting study is
carried to it completion.
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The FDP was published as an OECD Test Guideline in 1992.  The performance of the FDP was
subjected to biometric analysis in 1992 (5) and 1995 (6). The likelihood of the FDP producing
the same classification (EU system) as that based on the LD50 value was estimated for a range of
slopes and LD50 values. The mathematical model predicted that for substances with a dose-
response slope for lethality of less than about 2, the FDP was likely to lead to a more severe
classification that guideline 401. If the slope was between 2 and 6, the FDP was most likely to
lead to the same classification.  However, for substances with a slope of more than about 6, there
was an increasing likelihood of less severe classification; for example, assuming an LD50 of 75
mg/kg and a slope of 6, the FDP classification is more likely to be in the harmful category than
the correct toxic category.

B.  Point estimate of LD50:  The FDP was not originally designed to determine a point estimate
of LD50.  However, a rule of thumb was developed that permits an approximate LD50 range to
be inferred from the classification that results from an FDP.  The ability of the FDP to correctly
classify (i.e. assign to an LD50 range) in comparison with methods in which the LD50 is
estimated is discussed above.

C.  Confidence limits on the estimate of LD50: Since the FDP was not designed to determine a
point estimate of LD50, confidence limits are also not estimated.

D.  Estimate of the slope of the dose-response curve for lethality: The dose-response slope
cannot be estimated using the FDP, although some information on dose-response relationship
may be available from a sighting study and when more than one fixed dose is used in the main
study.

E.  Confidence limits on the slope of the dose-response curve for lethality:  Confidence limits on
the dose-response slope are not provided by the FDP.

F.  Dose-effect curve for the LD50:  Since lethality is not the preferred endpoint for the FDP,
toxicological effects seen only at dose levels close to a lethal dose will not be observed.
However, it has been shown in a number of validation and comparative studies (2,3,4,7,8) that
while there were a number of instances where clinical signs observed in FDP tests differed from
those observed in 401 tests, in only a few cases were these meaningful.  In the majority of cases,
the clinical signs observed in 401 tests and not observed in the FDP tests were non-specific signs
of approaching death.

G.  Point estimate of an LD10: The ability of the FDP to predict the LD10 has not been assessed.
However, biometric analysis indicated that the most likely classification resulting from the FDP
depends on the LD7 of the substance (6), suggesting that this procedure can reliably produce a
point estimate of the LD7.

Acute Toxic Class, Guideline 423

A.  Principles underlying the test method:  The acute toxic class (ATC) method has been
developed for hazard assessment, for hazard classification purposes, and for risk assessment. The
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method enables the toxicologist to allocate chemical substances to all classification systems
currently in use (Example: the LD50 is between 50 and 500 mg/kg body weight) (9,13). It is a
group sequential procedure using three animals of one sex per step. Three preidentified starting
doses are possible. Three animals of the opposite sex are then dosed at the final dose level used
with the first sex.  The method was tested in validation studies with animals. Very good
congruent results were obtained with animal data and biometrical evaluations, being in the range
of 88% (9-13).

The ATC Method is based on the probit model; i.e., the dose-response relationship follows the
Gaussian distribution for log-dose values with two parameters, the mean (LD50) and the slope ß
in probit units based on the log-scaled dose-axis (logarithm according to base 10). Then,
following the test scheme of the method, expected probabilities of a correct, of a lower and of a
more stringent classification in dependence on the true oral LD50 value of a substance and its
slope can be derived. Also expected numbers of animals used and of moribund/dead animals can
be calculated.

The classification procedures were developed in such a manner that on the one hand the
probabilities of correct classification are large, and on the other hand the test procedures are
simple enough for practical use.

The test doses have been selected with respect to the classification system of chemicals and
liquid pesticides of the European Union. It has been shown that

• in the case when test doses and class limits are identical in general the probabilities of correct
classification are greater than otherwise.

• the minimal distance factor between two neighboring toxic classes has to be 4 for slopes of
ß≥1 to achieve a probability of correct classification of at least 0.5 for at least one LD50 value
in each class.

• for a slope of ß≥1 the probability of an allocation to a lower than correct toxic class is limited
to 0.256.

• the expected numbers of animals are on average 30% compared to the Guideline 401 (1981)
or 45% according to Guideline 401 (1987).

• sex differences with respect to classification are addressed by classifying the substance
according to its acute toxicity to the more sensitive sex.

• the classification procedure can be further refined by carrying out a second option - taking
into consideration additional class limits as for example 50 or 500 mg/kg body weight.

• this method can be carried out for all acute oral classification systems currently in use.

• there is only a low dependence on the starting dose with respect to classification results,
especially for slopes of ß>1. With increasing slopes or increasing LD50 values this influence
decreases and tends toward zero for an unlimited increase of ß or LD50. Also for infinitely
low values of LD50 the influence becomes zero.

• there is a strong dependence on the starting dose with respect to expected numbers of animals
used and of moribund/dead animals. Therefore an appropriate starting dose should be near
the true LD50 of the substance to be tested, which leads on average to the least number of
animals used.
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B.  Point estimate of LD50:  The ATC was not designed to determine a point estimate of  LD50.
However, a point estimate of the LD50 can be calculated by the maximum likelihood method
providing there are at least two doses with mortality rates not equal to 0% or 100%.  However,
the probability of this case is rather low because the distance between two neighboring doses is
8- to 10-fold and no more than six animals per dose are used (12).

C.  Confidence limits on the estimate of LD50: The ATC was not designed to determine a point
estimate of LD50. However, confidence limits on the LD50 can be calculated by the maximum
likelihood method providing there are at least three doses, two of which must have mortality
rates not equal to 0% or 100%.

D.  Estimate of the slope of the dose-response curve for lethality: The ATC was not designed to
determine the slope of a dose-response curve for lethality. However, an estimate of the slope of
the dose-response curve can be calculated by the maximum likelihood method providing there
are at least three doses, two of which must have mortality rates not equal to 0% or 100%.

E.  Confidence limits on the slope of the dose-response curve for lethality:  Confidence limits on
the dose-response slope are not provided by the ATC.  However, confidence limits on the slope
can be calculated by the maximum likelihood method providing there are at least three doses,
two of which show the selected effect and are not equal to 0% or 100%.

F.  Dose-effect curve for the LD50:  The ATC was not designed to determine a dose-effect curve
for the LD50.  However, dose-effect curves can be calculated by the maximum likelihood
method providing there are at least three doses, two with the specific toxic signs not present in
0% or 100% of the animals.

G.  Point estimate of an LD10: The ATC was not designed to determine a point estimate of
LD10. However, a point estimate of the LD10 can be calculated by the maximum likelihood
method providing there are at least two doses with different mortality rates not equal to 0% or to
100%.

Up-and-Down Method, Guideline 425

A.  Principles underlying the test method:  The concept of the up-and-down (UDP) testing
approach (sometimes called a Staircase Design) was first described by Dixon and Mood (14,15).
There have been papers on such issues as its use with small samples (16) and its use with
multiple animals per dose (17).  One of the most extensive discussions appears in a draft
monograph  prepared by W. Dixon and Dixon Statistical Associates for a U.S. National Institutes
of Health [NIH] Phase I Final Report, Reduction in Vertebrate Animal Use in Research,
produced under SBIR Grant No. 1-R43-RR06151-01(18).  This draft monograph is available
from its author for a fee or from the National Center for Research Resources of the NIH to
individuals under the Freedom of Information Act.

In 1985, Bruce proposed the use of the UDP for the determination of acute toxicity of chemicals
(19).  While there exist several variations of the up-and-down experimental design, Guideline
425 is based on the procedure of Bruce as adopted by ASTM in 1987 (20).  The UDP calls for
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dosing individual animals of a single sex, usually females, in sequence at 24-hour intervals, with
the initial dose set at “the toxicologist’s best estimate of the LD50.” Following each death (or
moribund state) the dose is lowered; following each survival, it is increased, according to a
prespecified dose progression factor.  If a death follows an initial direction of increasing doses,
or a survival follows an initial direction of decreasing dose, four additional animals are tested
following the same dose adjustment pattern and then testing is ended.  The OECD 425 protocol
calls for a default dose progression factor of 1.3 and default σ for maximum likelihood
calculations of 0.12 (i.e., log(1.3)).

The first animal is dosed at the toxicologist’s best estimate of the LD50.  When there is no
information on the substance to be tested, for animal welfare reasons it is recommended in the
guideline to use the starting dose of 200 to 500 mg/kg body weight.

B.  Point estimate of the LD50:  From the data a point estimate of the LD50 is calculated using
the maximum likelihood method (21,22), provided a suitable historical or other sound estimate
of the standard deviation can be employed.

C.  Confidence limits on the estimate of LD50:  From the data confidence limits around the
LD50 value can be calculated using the maximum likelihood method (21,22), provided a suitable
historical or other sound estimate of the standard deviation can be employed.  However, built
into the calculation is a presumption that the parameter σ (standard deviation) is known. σ is the
reciprocal of the slope of the probit versus log 10 dose line.  An estimate of σ of 0.12 is used
unless a better generic or case-specific value is available.  The method indicates that the σ value
for a previously tested related substance can be used.  For compounds of high toxicity with steep
slope, this assumption will have little effect on the estimate of the LD50, but the standard error
of that estimate is affected and may be unreliable (23).

D.  Estimate of the slope of the dose-response curve for lethality: Some dose response
information will usually be gained if more than one dose level is used, but an accurate dose
response cannot be determined with the procedure as written since default assumptions usually
place the σ at 0.12. Dixon (18) has proposed methods to improve the accuracy of the dose-
response curve.  These require increased numbers of animals but usually less than the guideline
401.  These methods are not described in the current OECD protocol.

E.  Confidence limits on the slope of the dose-response curve for lethality: Dixon (18) has
proposed methods to improve the accuracy of the dose response estimate including determining
the confidence limits on the slope of the dose-response curve.  These require increased numbers
of animals but usually less than guideline 401.  These methods are not described in the current
OECD protocol.

F.  Dose-effect curve for the LD50: Some dose effect information will usually be gained if more
than one dose level is used, but an accurate dose effect cannot be determined with the procedure
as written since typically some doses will have only one observation. Dixon (18) has proposed
methods to improve the accuracy of the dose response estimate.  These would also improve a
dose-effect estimate but require increased numbers of animals but usually less than guideline
401.  These methods are not described in the current OECD protocol.
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G. Point estimate of an LD10:  The UDP as described in Guideline 425 does not estimate an
LD10.  Dixon (18) discusses the use of a staircase approach to the estimation of percentage
points other than LD50.  Such an approach could be explored when LD10 estimates are needed.
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