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Abstract An alternative to the oral LDso test, the acute
toxic class (ATC) method (oral), was validated with 20
substances in an international collaborative study with nine
laboratories in five countries. The ATC method is a step-
wise procedure with the use of three animals per step. It has
been designed with three fixed doses (25, 200 and 2000 mg/
kg). In general, this testing is sufficient for allocation to the
toxicity classes of the majority of the international classi-
fication systems currently in use. The selection of testing at
additional fixed doses (5, 50 and 500 mg/kg) may be
considered if further refinement is necessary or for specific
allocation to those international classification systems with
a cut-off value of 5 mg/kg. On average, two to four steps
are necessary to complete a test. With the ATC method
substances can be ranked in a similar or even better manner
than with an LDsp test but it uses up to 90% fewer animals,
the average being 70% fewer. This also results in substan-
tially fewer moribund/dead animals. The ATC method is
based on biometric evaluations that, together with the
experimental results, demonstrate that this method is a
sensitive and reliable alternative to the LDsp test.

Key words Acute toxic class method (oral) - Alternative -
LDso test - Animal welfare - International classification
systems

Introduction

Alternatives to conventional in vivo acute toxicity testing
should be in vitro methods or animal tests with the use of
substantially fewer animals than the LDsg test (Organisation
for Economic Cooperation and Development, OECD
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1981a, 1987; Commission of the European Communities
1992a). Until now, no validated in vitro test for the
determination of acute oral toxicity exist. Therefore animal
testing methods should be designed in such a way as to
meet the demands of animal welfare without impairing the
requirements for human health protection. Some in vivo
alternatives to the classical LDso test have been published
(Deichmann and Le Blanc 1943; Lorke 1983; Bruce 1985;
Kennedy et al. 1986; Yamanaka et al. 1990) and one
alternative — the fixed dose procedure (Van den Heuvel et
al. 1990) — has gained international acceptance (OECD
1992; Commission of the European Communities 1992b).

For animal welfare reasons, and also for other toxico-
logical purposes, the LDso test is not necessary. There
should be no need to determine precisely a numerical
value to describe the toxicity of a substance; it should
suffice to define the toxicity class within justifiable limits.

The ATC method is an alternative, with the use of
substantially fewer animals leading to significantly fewer
moribund/dead animals. Moreover, this method increases
consistency from laboratory to laboratory. The ATC method
is based on biometric evaluations (Roll et al. 1989; Diener
et al. 1994) and has been successfully tested in a national
validation study for the classification system of chemicals
of the European Union (EU) (Schlede et al. 1992).

In this paper the experimental and biometrical results of
an international collaborative study of the ATC method are
presented, taking into consideration all currently used
international classification systems. This study provides a
worldwide acceptance of this method in the same manner as
the LDso test.

The study was sponsored by the German Government
and was carried out under the patronage of the OECD.

Study design

Nine laboratories from five countries participated in this
study (Table 1). The Bundesgesundheitsamt was responsi-
ble for the coordination of the study.
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Table 1 List of participants in the international validation study

Country Laboratory

Austria Austrian Research Center Seibersdorf,

Vienna (H. Hofer, W. Klein)

Belgium Ministére de la Santé Publique et de I’Environment,
Institut d’Hygiene et d’Epidémiologie, Brussels

(M. P. Delcour-Firquet)

Japan Biosafety Research Center, Foods, Drugs and

Pesticides, Shizuoka Prefecture (H. Inoue)

Hatano Research Institute, Food & Drug Safety
Center, Kanagawa Prefecture (H. Ono)

National Institute of Health Sciences, Tokyo
(Y. Kurokawa)

Ciba Geigy Ltd, Basel (H. R. Hartmann)

Research and Consulting Company Ltd (RCC),
Itingen/Basel (L. Ullmann)

Bushy Run Research Center, Export, Pa. (R. Myers)

Switzerland

USA

US Environmental Protection Agency, Health Effects
Research Laboratory, Research Triangle Park, N.C.
(E. Grose, S. McMaster)

~ Twenty of the 30 substances tested in the national
validation study were selected for the tests. All LDso data
were derived from the literature (see Schlede et al. 1992).
For most of the 20 test substances (Table 2), the geometrical
means or in some cases the arithmetical means (nos 10, 12,
14 and 15) of the LDsg values were determined. Due to lack
of information for no. 19, a fictitious value of >2000 mg/
kg was assumed. With these LDso data, toxicity classes

were allocated to the currently used classification systems
and to the particular classes of the international validation
study.

Eight laboratories conducted the tests according to Good
Laboratory Practice (OECD 1981b).

The choice of the rat strain was optional. Six laborato-
ries used Sprague-Dawley rats, three used Wistar rats. The
choice of sex for the first treatment was also optional. For
the first treatment four laboratories used only male, three
laboratories used only female rats, and the other two used
either male or female rats.

The animals were carefully monitored after the admin-
istration of the substance. Observations were made at least
six times during the day of treatment, followed by daily
observations until the end of the test. Necropsy findings
were also documented.

The participants were free to kill the animals for animal
welfare reasons when they considered it necessary.

All participants knew the vehicle to be used.

The substances were supplied by the Bundesgesund-
heitsamt to the participants. They were at least of analytical
grade and each substance was part of one lot. Altogether,
180 tests were carried out.

The experiments were started in October 1991 and all
tests were completed in October 1993,

Method

The ATC method uses a sequential testing procedure with three
animals of each sex per step. The dose to be used as the starting
dose is selected from one of three fixed dose levels, 25, 200 and

Table 2 LDsg values, experimental and biometrical classification results of the ring study (exp. experimental, bio. biometrical)

No. Substance LDso Number of classifications for toxicity classes A—H
A B C D E F G H
exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio.
1 Aldicarb 1 - - - - - - - - - - - - - 04 9 8.6
2 Parathion 4 - - - - - - - - - - - - 3 1.0 o6 8.0
3 Thiosemicarbazide 12 - - - - - - - - - - - - 9 90 - -
4 Indomethacin 13 - - - - - - - - 1 - 4 02 4 78 - 1.0
5 N-Phenylthiourea 9 - - - - - - 3 - 1 0.1 1 09 2 27 2 5.2
6 Mercury (II) oxide 20 - - - - — — - - 3 0.1 5 32 1 58 - -
7 Sodium arsenite 38 - - - - - - - - 3 05 5 60 1 25 - -
8 Bis(tributyltin)oxide 147 - - - - 2 - 5 1.3 2 54 - 1.8 05 - -
9 Acrylamide 163 — - - - - - 1 08 8 82 - - - - - -
10 Cadmium chloride * 237 - - - - - - 2 36 7 54 - - - - - -
11 Caffeine 270 - - - - - - 8 54 1 36 - - - - - -
12 Aniline * 822 - - - - 8 84 1 06 - - - - - - - -
13 Ferrocene 1280 - - - - 5 89 4 0.1 - - - - - - - -
14  Sodium salicylate *1601 - - - - 9 9.0 - - - - - - - - - -
15 Acetanilide *1689 1 - 2 01 6 76 - 1.2 - 0.l - - - - - -
16 Acetonitrile 2515 - - 4 04 4 7.5 01 - - - - - - - -
17 Butylated hydroxyanisole 2853 - - 2 04 6 73 - 02 - - - - - - - -
18 N,N-Dimethylformamide 4604 3 - 3 1.0 2 6.8 - 02 - — — - - - - -
19  Quercetin dihydrate >2000 8 8.0 - - - - - - - - - - - - - -
20 Ethylene glycol 6336 8 40 - 40 - - - - - - - - - - - -

LDso: geometrical or arithmetical (*) mean LDsp values (mg/kg)



Fig. 1 Test procedure of the ring
study with three animals per sex
and dose level. Abbreviations: 5,
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2000 mg/kg. The results obtained can be allocated to the commonly
used classification systems (option 1). Exceptionally, it may be desir-
able to achieve a further refinement of classification than would be
possible after conducting the test with the three fixed dose levels of 25,
200 or 2000 mg/kg. In these cases further testing at additional fixed
dose levels of 5, 50 or 500 mg/kg may be considered (option 2). This
procedure was agreed upon at the OECD Expert Meeting held in Berlin
from January 26 to 28, 1994.

The experimental design of the tests conducted by the participants
was as follows: the study was conducted “blind”. Due to the broad
toxicity profile of the test substances, it was decided for animal welfare
reasons to use only the starting dose of 200 mg/kg (Fig. 1). In addition,
testing of the next higher dose level of 2000 mg/kg body weight was
performed when at the 200 mg/kg level no, or one animal died at each
step. The testing of 500 mg/kg body weight was only possible after one
or two steps of the 2000 mg/kg level had been tested. The 5000 mg/kg
dose level was tested in the study but the participants at the OECD
Expert Meeting agreed unanimously not to include this dose level in
the official guideline. For reasons of completeness the results of the
tests obtained with the use of 5000 mg/kg body weight are documented
here. One laboratory decided for reasons of animal welfare not to test
the 5000 mg/kg dose level.

All data presented in this paper were evaluated according to the
schemes shown in Figs 2 and 3. In principle, three test procedures are
available. The first procedure, defined as option 1, but with the
additional doses of 5 and 5000 mg/kg, as shown in Fig,. 2, is a modified
test scheme of a previous publication (Diener et al. 1994). This test
design allows classification for all commonly used systems. Figure 3
shows option 2, with subsequent testing at doses of §, 50 and 500 as
well as with the additional dose of 5000 mg/kg. This is the second
procedure, allowing classification for systems with limits of 5, 50 and
500 mg/kg. However, this second procedure has the disadvantage that
it is not always possible to classify a substance afterwards without
repeating the test procedure. This procedure results in a moderately
better classification for borderline substances at 50 or 500 mg/kg. The
third procedure, also shown in Fig. 3, allows testing of the additional
doses of option 2 only after having completed all steps of option 1.
This third procedure (referred to as option 1 and 2) also allows
allocation to all commonly used classification systems, in general
without repeating the test procedure.,

The experimental results were also predicted by biometrical meth-
ods. For prediction of the correct classification probabilities and the
animal numbers for each substance, the formulae and the procedures
published by Diener et al. (1994) were used but taking into account the
changes proposed at the OECD Expert Meeting. For all calculations
LDso- and B-values are needed. The LDsg values were taken from the
literature and then determined as a geometrical mean or, if not possible,
as an arithmetical mean of the gender with the lowest values. These
numbers are used as reference values to define the term “correct
classification”. In contrast to the LDsp values, slopes were only
available for very few substances in the literature. Therefore all slopes
were derived from the study. In order to estimate the LDso values and
the B-slopes of the 20 substances, the test results of all nine laboratories
were used. The values were then calculated for each substance by using
the maximum likelihood method based on the probit model. A
computation is only possible when there are at least two doses which
result in different mortality rates not equal to 0% and 100%.

Results
Validation of the ring study tests

The test procedure of the international validation study is
shown in Fig. 1, and it was designed in such a way that the
currently used classification systems would be covered. The
experimental results obtained for the classification of
classes A to H are shown in Table 2. Due to the small
class size in some instances (for example, a factor of 2 for
the two limits of class F), an allocation to more than two
toxicity classes would be expected and this occurred with
seven substances (nos 4—8, 15 and 18). Five substances
were allocated to only one class (nos 1, 3, 14, 19 and 20)
and the remaining seven substances to two classes.
Compared with the experimental results, the biometrical
results are not very different. These differences are essen-
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tially caused by the smalil class ranges, the differences
between the LDsp values of the literature and those of the
ring study for some substances and also by the rather small
number of participating laboratories.

Out of a total of 180 tests, 175 (97.2%) tests could be
used for all classification results (Fig. 1). In five cases
(2.8%) the dose of 5000 mg/kg was not tested. In one test a
starting dose of 25 mg/kg was used with substance no. 3

Fig. 2 First procedure of the ATC method with three animals per sex
and dose level. Abbreviations: 5, 25, 50, 200, 500, 2000, 5000 dose
and/or cut-off value in mg/kg; 0, I, 2, 3 number of moribund/dead
animals. For correct classification not necessary to test: two doses of 5:
systems 1, 2,7, 8,9, 10, 11, 12, 13; two doses of 25: system 13 and in
the case of 3 (at 200 with sex 1) systems 9, 10, 11, 12; two doses of
5000: systems 1,2, 3,4,5,7, 8,9, 10, 13; two doses of 2000: systems
4,17, 8; second dose of 2000: systems 3, 5, 9, 10. EU European Union,
UN United Nations, US EPA United States Environmental Protection
Agency, crk community right tn know, PDSCA Poisonow and Deleter-
ious Substances Control Act, WHMIS Workplace Hazardous Materials
Information System, OSHA Occupational Safety and Health Adminis-
tration, CPSC Consumer Protection Safety Commission
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and a starting dose of 2000 mg/kg was used with two tests
with substances nos 9 and 20.

Altogether, 2565 animals were used and the mean was
14.3 animals per test. The total number of moribund/dead
animals was 736 and on the average 4.1 animals were
moribund/dead per test. Twenty-two animals were killed in
a moribund status.

Fig. 3 Second and third procedure of the ATC method with three
animals per sex and dose level. Abbreviations: 5, 25, 50, 200, 500,
2000, 5000 dose and/or cut-off value in mg/kg; 0, I, 2, 3 number of
moribund/dead animals. For correct classification not necessary to test:
two doses of 5: systems 9, 10, 11, 12, 13; two doses of 25: system 13;
two doses of 5000: systems 3, 4, 5, 9, 10, 13; two doses of 2000:
systems 12 (only second procedure), and 3, 4, 5, 9, 10; two doses of 50:
system 13. Thick line: part of option 1 and 2; thin line: part of option 2
(with 5000 mg/kg)
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Inter-laboratory results were identical in 72% of the
tests. A comparison between the classified LDso values of
the literature and the classes of the ATC method showed an
identical classification of 65%.

Validation of the ring study tests for the international
classification systems

The following results will be presented: classification of the
test substances and numbers of animals used and of
moribund/dead animals. For the classification systems of
the EU (chemicals and liquid pesticides) and likewise of the
EU (solid pesticides) and UN (liquids) the evaluation and
results for these systems will be shown in detail for the 20
tested substances (Tables 3 and 4). The data obtained for the
other classification systems with these test schemes (Figs 2
and 3) will be tabulated in a summarized form (Table 5).

Classification systems of the EU for chemicals and liquid
pesticides

The classes for these two systems are (0,25], (25,200],
(200,2000] and (2000,00) mg/kg, defined as class 3 to
class 0, respectively.

The evaluation scheme is shown in Fig. 4 and Table 3
lists the experimental and biometrical results.

The experimental results of the tests demonstrate that
eight substances (nos 1-3, 12-14, 19 and 20) were
allocated to the predicted class by all laboratories. Eleven
substances (nos 4, 6-11, 15-18) spanned two toxicity
classes. The overwhelming majority of the laboratories
ranked these substances to the predicted classes and only
with substances nos 4, 8 and 10 did the majority of test
results result in allocation to a less toxic (nos 4 and 8) or to
a more toxic class (no. 10). Only phenylthiourea (no. 5)
spanned three classes.

Identical interlaboratory results were obtained, with the
exception of the above mentioned deviations.

The mean number of animals used increased with
decreasing toxicity of the tested substances, ranging from
5.7 animals per test to no more than 12.0 animals per test.
Mortality occurred in all tested animals with the most toxic
substances but it never exceeded a mean number of 5.9
animals per test. Almost no deaths were seen with the least
toxic substances.

The biometrical results are in good agreement with the
experimental results. Notable deviations from the experi-
mental results were detected in two cases: for substance
no. 4a more frequent biometric allocation to the correct
class occurred in comparison to the experimental results
and with substance no. 5a correct classification was pre-
dicted for 88% compared to 44% of the test results.

The test results obtained for the 20 tested substances in
the national validation study for the classification system of
the EU for chemicals (Schlede et al. 1992) were compared
with the results of the international study with the same
classification system according to Fig. 4. Allocation to the

v

Y
25 200 2000
sex 1 >y sex 1 sex 1
23 m;i 23 oia 23 o‘h
Y L — ¥
28 200 2000
sex 2 sex 2 sex 2
23 01 29 1 0 29 o1
— | =
A 1 Y L | Y
cuAss3il flcLass2 CLASS 1 CLASS 0
(025 | " (e5200) (2002000} (2000.)

Fig. 4 The ATC test procedure for the classification system of the EU
for chemicals and liquid pesticides with three animals per sex and dose
level. Abbreviations: 25, 200, 2000 doses and/or class limits in mg/kg;
0, 1, 2, 3 number of moribund/dead animals

assigned toxicity class occurred in 88% and 78%, respec-
tively.

Classification systems of the EU for solid pesticides and of
the UN for liquids

The class limits for these two systems are (0,5], (5,50],
(50,500] and (500,00] mg/kg, defined as class 3 to class 0,
respectively.

Figure 5 shows the three different evaluation procedures.
In Table 4 the experimental and biometrical results obtained
for these three procedures are presented.

Altogether, the experimental classification results for the
three procedures are not very different. Only with the first
procedure substantial deviations were found in comparison
to the second and third procedures with substances nos 9,
12 and 13. In these cases allocation to a more stringent
toxic class occurred more frequently with the first proce-
dure. For all three procedures one toxic class was assigned
for substances nos 1, 3, 16, 19 and 20 and another
substance, phenylthiourea (no. 5), spanned three toxicity
classes. In general, for the other substances the ranking to
two neighbouring classes occurred for all procedures. Ex-
ceptions are substances nos 9—11, 14, 15, 17 and 18, where
the allocation to only one class increased when the second
and/or the third procedure was used. Interlaboratory results
varied only slightly for the three procedures. As expected,
the number of animals used increased with the use of the
second and/or third procedure but the highest number did
not exceed 15 animals per tested substance. In contrast, the
number of moribund/dead animals varied, depending on the
choice of the procedure and the toxicity profile of the tested
substances. The number of moribund/dead animals was
identical or increased for substances nos 1-11. On the
other hand, for substances nos 12-20 of class 0, with
respect to the second procedure, very few or even no
moribund/dead animals were found.
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Table 3 Experimental and biometrical results per substance for the classification systems of the EU (chemicals and liquid pesticides}

Allocated class,
number and name

Number of laboratories per class

ATC classification (%) Mean number of animals

of the substance Class O Class 1 Class 2 Class 3 A LDsp identical used moribund/dead
exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio.
Class 3
1 Aldicarb - - - - - - 9 90 100 100 100 100 60 6.1 59 5.7
2 Parathion - - - - - - 9 90 100 100 100 100 60 6.0 59 60
3 Thiosemicarbazide - - - - - - 9 9.0 100 100 100 100 57 60 56 59
4 Indomethacin - - - - 5 02 4 8.8 44 98 56 98 80 64 44 56
5 N-Phenylthiourea - - 3 01 2 1.0 4 7.9 44 88 44 88 87 73 42 5.1
Class 2
6 Mercury(Il)oxide - - - - 8 32 1 5.8 89 36 89 64 93 78 37 5.1
7 Sodium arsenite - - - - 8 65 1 2.5 89 72 89 72 87 86 3.8 43
8 Bis(tributyltin)oxide - - 7 1.3 2 72 - 0.5 22 80 78 80 90 93 3.0 3.1
9 Acrylamide - - 1 0.8 8 82 - - 89 92 89 92 90 94 31 25
Class 1
10 Cadmium chloride - - 3 36 6 54 - - 33 40 67 60 97 89 28 24
11 Caffeine - - 8 54 1 36 - - 89 60 89 60 90 85 28 24
12 Aniline - 9 9.0 - - - - 100 100 100 100 90 9.0 30 3.0
13 Ferrocene - 0.1 9 89 - -~ - - 100 99 1000 99 90 93 29 27
14 Sodium salicylate2 - 04 6 56 - - - - 100 93 100 93 90 98 25 25
15 Acetanilide2 3 1.2 5 6.7 - 01 - - 63 84 63 8 101 98 16 23
Class 0
16 Acetonitrilea 5 32 3 48 - - - - 63 40 63 60 109 109 08 20
17 Butylated hydroxyanisole2 5 34 3 46 - - - - 63 43 63 57 105 108 1.1 1.9
18 N,N-Dimethylformamidea 7 47 1 33 - - - - 88 59 88 59 113 11.1 04 1.6
19 Quercetin dihydrate 9 9.0 - - - - - - 100 100 100 100 120 120 00 00
20 Ethylene giycol 9 9.0 - - - - - 100 100 100 100 11.3 120 0.0 0.0

2 Not feasible to evaluate all test results due to differences in the testing and evaluation procedure (see Figs 1 and 2)

With respect to the biometrical results, no noteworthy
deviations were detected when compared to the experimen-
tal results.

All currently used classification systems

The class limits for all systems are shown in Figs 2 and 3.
Examples of the evaluation procedure are shown in Figs 4
and 5. Table 5 shows the experimental and biometrical
results. For direct comparison the results of the above
mentioned systems and of the ring study are included.
Identical class systems (nos 1 and 2, 3 and 4, 9 and 10;
see also Fig. 2) are not covered separately.

Due to the specific class limits, an evaluation for all
three procedures is not sensible or feasible for all systems.
This is the case for systems nos 1, 2, 7, 8 and the ring study.

For the first procedure the experimental results for a
correct classification ranged between 63% (no. 6) and 93%
(no. 7). The majority of the test results were in the range of
80%. In general, with the second and third procedure higher
rates of correct classification were produced. With the
exception of no. 6 they ranged from 81 to 90%. Worth
mentioning were the deviations from the correct classifica-
tion to a less stringent class with classification system no. 8,
and for the second and third procedure for systems nos 11
and 12. A deviation to a more stringent class was found
morc frequently for systems 3, 4, 6, 911 and 13 for the
results obtained with the first procedure.

For the currently used classification systems, identical
interlaboratory results ranged from 82 to 94%.

On average, fewer than ten animals were used, 6.9
animals being the lowest and 14.0 animals being the highest
mean number. The mean number of moribund/dead animals
ranged from 2.0 to 4.3 animals.

Very good agreement could be demonstrated between
the experimental and biometrical results.

Biometric determination of the LDso values and of the
slopes

Figure 6a demonstrates the distribution of the 20 test
substances with respect to their characteristic parameters
LDso and [ as estimated from the ring study. Due to the test
results for substances nos 1, 19 and 20 the LDso values and
their slopes could not be determined. The remaining sub-
stances 218 are randomly located for 8 from 0.5 to 6 and
for LDso from 5 to 20000 mg/kg. The correlation between
the LDso values of the literature and the LDso values
derived from the ring study is shown in Fig. 6b. The
correlation coefficient of 0.956 is, as expected, very large.
Little difference was observed for some of the test sub-
stances. With substances 3, 9, 10 and 13 the test results
produced more stringent toxicity than the classified LDso
values of the literature and the opposite occurred especially
with substances 5, 8 and 18.
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Fig. 5 First, second and third
procedure of the ATC method for
the classification systems of the
EU (solid pesticides) and of the
UN (liguids) with three animals
per sex and dose level. For ab-
breviations see Fig. 4
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Table 4 Experimental and biometrical results per substance for the classification systems of the EU (solid pesticides) and of the UN (liquids)

Allocated class, Proce- Number of laboratories per class ATC classification (%)  Mean number of animals
number and name dure
of the substance (1-3) Class 0 Class 1 Class 2 Class 3 A LDso identical used moribund/dead

exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio.

Class 3
1 Aldicarb 1 - - - - - 04 9 86 100 96 100 96 90 97 89 83
2 - - - - - 04 9 86 100 9 100 96 90 97 90 83
3 - - - - - 04 9 8.6 100 96 100 96 90 97 89 83
2 Parathion 1 - - - - 3 1.0 6 8.0 67 89 67 89 107 100 79 84
2 - - - - 3 1.0 6 8.0 67 89 67 89 107 100 79 84
3 - - - - 3 1.0 6 8.0 67 89 67 89 107 100 79 84

Class 2
3 Thiosemicarbazide 1 - - - — 9 9.0 - - 100 100 100 100 117 120 57 6.0
2 - - - - 9 9.0 - - 100 100 100 100 117 120 57 6.0
3 - - - - 9 9.0 - - 100 100 100 100 117 120 57 6.0
4 Indomethacin 1 - - 2 — 7 80 - 1.0 78 89 78 89 107 121 44 6.5
2 - - 1 - 8 80 - 1.0 89 89 89 89 133 122 57 6.5
3 - - 1 - 8 80 - 1.0 89 89 89 89 133 122 57 635
5 N-Phenylthiourea 1 - - 5 06 2 32 2 52 22 36 56 58 107 115 50 69
2 - - 4 02 3 41 2 4.7 33 46 44 52 113 114 54 70
3 - - 4 02 3 37 2 5.2 33 41 44 58 127 119 63 72
6 Mercury(Il)oxide 1 — - 1 0.1 8 89 - - 89 99 89 99 100 116 3.7 5.1
2 - - 3 01 6 89 - - 67 99 67 99 137 129 56 6.1
3 - - 3 01 6 89 - - 67 99 67 99 143 129 56 6.1
7 Sodium arsenite 1 - - - 01 9 89 - - 100 99 100 99 93 102 38 43
2 - - 3 04 6 8.6 - - 67 95 67 95 133 129 53 6.2
3 - - 3 04 6 86 -~ - 67 95 67 95 133 129 53 6.2

Class 1
8 Bis(iributyltin)oxide 1 - - 9 6.8 - 22 - - 100 75 100 75 90 96 30 3.1
2 2 - 7 68 - 22 - - 78 75 78 75 1.7 131 28 43
3 2 - 7 66 - 23 - - 78 74 78 74 143 146 5.0 45
9 Acrylamide 1 - - 2 66 7 24 - - 22 73 78 73 90 94 3.1 2.5
2 - - 9 90 - - -~ - 100 100 100 100 143 139 31 28
3 - - 9 9.0 - - - - 100 100 100 100 147 151 34 29
10 Cadmium chloride 1 - - 7 84 2 06 - - 78 93 78 93 97 89 28 24
2 - - 92 20 - - - - 100 100 100 100 130 12.0 3.1 3.2
3 - - 9 90 - - - - 100 100 100 100 150 138 34 35
11 Caffeine 1 1 - 7 87 1 03 - - 78 97 78 97 90 85 31 24
2 - - 9 20 - - - - 100 100 100 100 100 11.0 32 33
3 - - 9 920 - - - - 100 100 -100 100 13.0 128 58 40

Class 0
12 Aniline 1 - 04 9 86 - - - - 0 4 100 9 90 90 30 30
2 8 34 1 0.6 - - - - 89 93 89 93 120 119 03 07
3 8 8.4 1 0.6 - — - - 89 93 89 93 150 149 33 36
13 Ferocene 1 1 43 8 47 - - - - 11 48 89 32 90 90 29 24
2 5 89 4 01 - - - - 56 99 56 99 113 120 14 02
3 S 839 4 0.1 - - - - 56 99 56 99 143 152 43 29
14 Sodium salicylate 1 6 64 3 26 - - - - 67 72 67 72 90 90 20 20
2 9 20 - - - - - - 100 100 100 100 120 120 00 O.1
3 9 90 - - - - - - 100 100 100 100 150 154 20 26
15 Acetanilide 1 6 65 3 25 - - - - 67 72 67 72 90 87 16 1.7
2 8 77 1 14 - - - - 89 85 89 85 120 118 0.1 1.2
3 9 78 - 12 - - - -~ 100 87 100 87 140 146 18 3.1
16 Acetonitrile 1 9 83 - 0.7 - - - - 100 92 100 92 9.0 90 08 1.2
2 9 89 - 01 - - - - 100 99 100 99 120 120 0.0 03
3 9 89 - 01 - - - ~ 100 99 100 99 133 144 08 22
17 Butylated 1 7 81 2 09 - - - - 78 90 78 90 83 89 07 12
hydroxyanisole 2 8 87 1 03 - - - - 89 97 89 97 117 119 02 05
3 9 88 - 02 - - - - 100 98 100 98 137 142 11 22
18 N,N-Dimethyl- 1 8 82 1 08 - - - - 89 91 89 91 87 88 04 09
formamide 2 9 87 - 03 - - - - 100 97 100 97 11.7 120 00 06
3 9 89 - 01 - - - - 100 98 100 98 130 135 04 1.8
19 Quercetin dihydrate 1 9 9.0 - - - - - - 100 100 100 100 9.0 90 00 0.0
2 9 90 - - - - - - 100 100 100 100 120 120 0.0 0.
3 9 90 - - - - - - 100 100 100 100 120 120 0.0 00
20 Ethylene glycol 1 9 90 - - - - - - 100 100 100 100 83 9.0 00 00
2 9 9.0 - - - - - - 100 100 100 100 11.3 120 00 00
3 9 90 -~ - - - - - 100 100 100 100 113 120 00 00




668

6
12
3
P L]
s a
>
‘g g 1.3 14
a— *
w 4 7 . 1.1
g .
- 10
B 1 % s. .
@ 4
=) ™ 1.6
g 2 1517
T 8 LR
[} 18
. Y
! s
L ]
Y T T
5 10 50 100 500 1000 5000 10000 50000
LDS0 value of the study [ma/kg b.w.]
50000
- 18 ~ -
3 b ¢
4 10000 57"
2 5000 1.55_
=
[=J s
E }2 ®
= 1000 8 PR
T 500 e 1
2 A
o //9 'Y
g 100 5 87 ¢
- 50 A : P
o v’
El -3
T 10 - .
a 2
> 5 P
o ] -
P g
=]
] 1
5 10 50 100 500 1000 . 500010000 50000

LD50 value of the literature [mg/kg b.w.]

Fig. 6a, b LDsp and B values derived from the ring study (a) and
comparison of the LDso values of the literature and of the ring study
with regression line (b). For identification of substances see Table 3

Signs of toxicity and autopsy findings

Toxic signs reported as reduced locomotor activity, pilo-
erection, abdominal position, dyspnoea and hunched pos-
ture showed the best reproducibility during the time course
of observations.

In general, autopsy findings revealed no differences in
comparison to the findings reported in the literature or the
results of the national validation study. Specific findings on
indomethacin (ascites and hydrothorax) and on cadmium
chloride (atrophy of the testes) that were reported in the
national validation study (Schiede et al. 1992) were corro-
borated in this study.

Both the signs of toxicity and the autopsy findings are in
general agreement with the data obtained in the national
validation study (Schlede et al. 1992).

Discussion
Classification

Conventional acute oral toxicity testing — the LDso test-
requires at least 20—30 animals. When no substance-related
death is anticipated a limit test is carried out with the use of
ten animals (five females and five males; OECD 1981a,
1987; Commission of the European Communities 1992a).
The numerical values of the LDsg test results are mainly

used for allocation to defined toxicity classes, the so-called
classification system. These allocations in turn result in
specific regulatory preventive measures, such as labelling,
specific packaging requirements and probable restrictions
on use and distribution. The need for conducting L.Dso tests
with high numbers of animals for regulatory purposes or for
further toxicological studies is generally not necessary
(Zbinden and Flury-Roversi 1981). Instead of determining
a numerical value, toxicity classes with the use of few
animals can be estimated as a range in which the true LDsp
is located. This approach is justifiable and meets the aspects
of human health protection in a similar or even better
manner than LDso testing.

The ATC method was designed and evaluated biome-
trically and experimentally (Roll et al. 1986, 1989; Schlede
et al. 1992; Diener et al. 1994, 1995) to meet the need for
human health protection and at the same time to cover
aspects of animal welfare. The ATC method allows the use
of three fixed starting doses (25, 200 and 2000 mg/kg) and
only three animals of each sex per step. For animal welfare
reasons and for direct comparison and due to the “blind”
conduct of the study, the participants decided to use only
the starting dose of 200 mg/kg for all 20 tested substances.
The results presented in this paper therefore refer only to
this starting dose. Nevertheless, the use of the additional
starting doses of 25 or 2000 mg/kg would have produced
identical classification results because they are in fact
independent of the starting dose (Diener et al. 1994
1995). Classification is possible after having tested the
above mentioned doses (with the exception of class limit
of 5 mg/kg) or to use additional fixed doses of 5, 50 and
500 mg/kg. The differences between these two possibilities
with respect to classification results are considered not to be
substantial, with an increase in correct classifications after
additional testing for some of the classification systems.
This is shown in Table 5 for the evaluation procedures.
Thus, the necessity to test the additional dose levels of 5, 50
or 500 mg/kg is mainly given for the 5 mg dose level.

In general, the substances were allocated to one toxicity
class or to some extent to an adjacent class (Tables 3 and 4).
N-Phenylthiourea showed a distribution of results among
three classes (Tables 3 and 4). Similar difficulties were
encountered with this substance in the international valida-
tion study of the fixed dose procedure (Van den Heuvel et
al. 1990). However, in the national validation study of the
ATC method, five out of six tests resulted in allocation to
one class (Schlede et al. 1992). This variability may be
explained by the low estimated § of 0.6 for this substance
(Fig. 6a) and taking into account that the estimated LDsp
value of the study deviates significantly from the LDso
value given in the literature (Fig. 6b).

The conformity of the interlaboratory results for all
commonly used classification systems ranged from 82 to
94% (Table 5) and for individual classification systems
from 44% (for N-phenylthiourea) to 100% (Tables 3 and 4).
A very good agreement with the biometrical results is
obvious. This high degree of reproducibility ~ with the
exception of N-phenylthiourea — further demonstrates the
reliability of the ATC method.
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Table 5 Experimental and biometrical results for all classification systems. For abbreviations see Fig:3

Nr. Classification system Procdure ATC classification (%) Mean number of animals
A LDso more toxic less toxic identical used moribund/dead
exp. bio. exp. bio. exp. bio. exp. bio. exp. bio. exp. bio.

1. EU chemicals,
2. EU liquid pesticides 1 78 79 9 18 13 3 84 33 9.1 89 29 32
3. EU solid pesticides 1 73 81 22 18 5 1 86 87 9.4 97 341 34
4, UN liquids 2 86 93 5 6 9 1 87 93 11.9 119 3.8 33
3 87 93 4 6 9 1 88 94 132 132 3.8 4.1
5. UN solids 1 81 87 9 11 10 2 89 88 7.9 83 23 2.8
2 82 88 6 10 12 2 88 90 8.9 9.1 25 3.0
3 82 88 6 10 12 2 88 90 9.1 93 25 3.0
6. Switzerland 1 63 72 26 25 11 3 82 79 109 11.1 3.5 37
2 78 84 9 14 13 3 82 86 13.8 13.6 42 42
3 78 83 9 14 13 3 82 86 140 139 43 42
7. US EPA crk 1 93 94 1 5 6 1 94 96 6.9 6.8 20 2.4
Japan PDSCA 1 79 90 1 2 20 9 91 91 6.9 6.8 20 24
9. Canada WHMIS 1 76 85 19 15 5 0 88 90 6.9 68 23 22
10. US OSHA 2 90 97 3 3 7 i 90 97 1.0 9.5 3.6 2.8
3 90 97 3 3 7 0 90 97 122 1.7 3.6 3.7
11. US EPA pesticides 1 70 84 22 15 8 1 85 89 8.0 83 25 25
2 86 926 3 3 11 1 87 96 114 112 3.8 3.7
3 86 96 3 3 11 1 87 96 128 124 39 3.8
12. US CPSC 1 87 96 6 3 7 1 92 96 8.1 83 25 2.5
2 87 96 0 1 13 2 90 96 8.4 84 37 3.5
3 89 98 0 2 11 1 93 98 1.2 107 34 35
13. Canada pesticides 1 75 75 23 24 2 88 83 6.9 6.8 23 2.3
2 81 79 16 20 3 1 88 88 8.7 85 27 2.6
3 81 79 16 20 3 1 88 88 8.7 85 27 2.6
14. Ring study - 65 65 17 31 19 3 72 81 143 141 4.1 4.2

Number of experimental animals

The number of experimental animals depends on the true
LDsp and B of a substance, the choice of the starting dose,
on the classification system and the evaluation procedure.

Two extremes are possible: in one case three animals are
treated with a dose of 25 mg/kg and two or three animals
die; no further testing is necessary, such as for EU chemi-
cals. In a second case (e.g., UN liquids), three animals are
treated at each step, also using a starting dose of 25 mg/kg,
and the last tested step would be the second 2000 mg/kg
dose level with the first procedure and two additional steps
at 500 mg/kg with the third procedure (Fig. 5). This would
result in the use of 18 animals with the first procedure and
six more animals with the third procedure. This kind of
testing procedure is very unlikely, but it cannot be dis-
missed. Under practical conditions and as tested in this
international validation study, a starting dose of 200 mg/kg
is recommended for animal welfare reasons when there is
no information on the substance to be tested.

In general, with the use of the first procedure the
smallest number of animals are used. However, with both
the second and third procedures often more animals are
used without significantly increasing the results of a correct
classification (Tables 4, 5).

The lowest mean number of used animals was 6 or less
(Table 3, substances 1-3) and the highest mean number
was 15 (Table 4, substance 14). This is a reduction of 80
and 50% in the number of vsed animals when compared to
the LDsp test (30 animals) or a corresponding reduction of
70 and 25% when in an LDsp test 20 animals are used. On
average, two to four steps with the use of 6—12 animals are
required for a reliable allocation to the commonly used
classification systems. This is shown as mean numbers in
Table 5 which ranged from 6.9 (systems 7, 8, and 13) to the
highest mean number of 14.0 for system 6. Also, when the
limit test with 2000 mg/kg is carried out with the ATC
method, six animals are used instead of ten animals with the
classical limit test. Altogether, this is an impressive reduc-
tion in the number of animals used in comparison to the
LDso test and the classical limit test.

Number of moribund/dead animals

As mentioned for the number of experimental animals, the
number of moribund/dead animals also depends on the true
LDso and B of a substance, the choice of the starting dose,
on the classification system and on the evaluation proce-
dure.
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The number of moribund/dead animals per step ranges
from zero to three. In this study for individual classification
systems the lowest mean number was zero (substances 19
and 20 in Tables 3 and 4) and the highest mean number was
9.0 (see substance 1 in Table 4). For all commonly used
classification systems the lowest mean number was 2.0
(Table 5 for systems 7 and 8) and the highest mean number
was 4.3 animals (Table 5 for system 6). In contrast, in an
LDsg test at least 10 to more than 15 dead animals would be
expected.

Biometrical results

All experimental results were also evaluated biometrically
in order to validate further the ATC method. In general
there is excellent agreement between the biometric and
experimental results. Deviations were considered to be
negligible, especially with respect to the mean numbers
of animals (used and moribund/dead). The variability in the
classification results is mainly caused, in addition to ran-
dom effects, by the different LDsp values of some sub-
stances, e.g. N-phenylthiourea, indomethacin and bis(tribu-
tyDtinoxide. Here the experimental results are based on the
estimated LDso values of the ring study, while the biome-
trical results are based on the LDsp values of the literature
(Fig. 6b).

Detailed descriptions of the biometrical considerations
of the AT'C method have been published (Diener et al. 1994,
1995).

Signs of toxicity and autopsy findings

Another important part of the ATC method is the careful
observation of toxic signs, their onset and their duration
after treatment. This gives additional information on the
toxicity profile of a substance that could be used for other
toxicological studies. The further evaluation of all these
data, including autopsy findings, is now in progress and is
sponsored by a grant from the German government. The
object of this evaluation is to obtain, if possible, criteria that
would result in the avoidance of death of animals as an end-
point after a single oral treatment.

Final remarks

In conclusion, it can be emphasized that the ATC method is
a validated alternative to the LDsp test. This method allows
a substance to be ranked to all commonly used classifica-
tion systems in a similar or even better manner than the
LDso test. It uses substantially fewer animals and resuits in
significantly fewer moribund/dead animals. Thus the ATC
method also subjects fewer animals to pain and distress.
Under the aspects of animal welfare this is considered to be
a great achievement. Acceptance of the ATC method as an
official test guideline of the OECD is expected in summer
1995.

At present, international efforts are being made to
harmonize the different classification systems currently in
use. Also, if international harmonization with the use of

only one classification system can be reached, the ATC
method will be a reliable alternative to the LDso test. The
ATC method has been successfully tested in two large ring
studies. In addition, it is based on biometric evaluations
predicting the accuracy of a correct classification within
adequately separated fixed dose levels.
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