The Use of Scientifically-Validated In Vitro Tests for Embryotoxicity
At its 17th Meeting, held on 16-17 October 2001, the ECVAM Scientific Advisory
Committee (ESAC) endorsed three in vitro methods for embryotoxicity testing as
scientifically validated and ready for consideration for regulatory acceptance and
application.
However, the ESAC recognised that these methods do not represent replacements for
current animal tests for reproductive toxicity as a whole, although they could provide
suitable means for reducing and/or refining the use of animal procedures in the
context of a testing strategy or testing strategies.
The Committee also recommended that an ECVAM workshop should be held, to
discuss with experts with relevant and complementary experience, the drafting of a
guidance document on the applicability of the three scientifically-validated
embryotoxicity test methods in the context of reproductive toxicity testing as a whole.
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Statement on the Scientific Validity of the Embryonic Stem Cell Test (EST) - an
In Vitro Test for Embryotoxicity
At its 17th meeting, held on 16-17 October 2001 at the European Centre for the
Validation of Alternative Methods (ECVAM), Ispra, Italy, the ECVAM Scientific
Advisory Committee (ESAC)1 unanimously endorsed the following statement:
“The results obtained with the embryonic stem cell test (EST)2,3 in the blind trial
definitive phase of the ECVAM international validation study on in vitro tests for
embryotoxicity were highly reproducible, both within and among the four laboratories
that performed the test. The correlation between the in vitro data and in vivo data was
good (accuracy 78%) according to the performance criteria defined. The test proved
applicable to testing a diverse group of chemicals of different embryotoxic potentials
(non-embryotoxic, weakly embryotoxic and strongly embryotoxic). The predictivity
(100%) for strongly embryotoxic chemicals was excellent and the precision (81%) was
good. The predictivity for non (72%) and weak (70%) embryotoxicants and the
precision for non-embryotoxic compounds (70%) were sufficiently high (≥ 65%).
The Committee therefore agrees with the conclusion from this formal validation study
that the embryonic stem cell test (EST) is a scientifically validated test which is ready
to be considered for regulatory purposes.”
The ESAC has been regularly kept informed of the progress of the study, and this
endorsement is based on an assessment of various documents, including publications
on the results of the prevalidation phase of the study3-5 and development of the
prediction model,6-7 and in particular the final report on the performance of the EST in
a multilaboratory blind trial on 20 coded chemicals, which is published in ATLA.8, 9
This study was conducted according to ECVAM’s principles and procedures of
validation,10-12 and according to criteria laid down by the Organisation for Economic
Cooperation and Development (OECD)13 and the US validation centre, the
Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) at the National Institute of Environmental Health Sciences (NIEHS).14
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General information about the study
A. In December 1996, following an open call-for-tender, an ECVAM contract was
awarded to ZEBET / BgVV (Berlin, Germany), to plan and coordinate the
prevalidation and validation of three embryotoxicity tests: a) a test employing
embryonic stem cell lines; b) the micromass test; and c) the postimplantation rat
whole-embryo culture assay. Phase I (1997) of the study3 was designed as a
prevalidation phase, for test protocol optimisation and establishment of a
comprehensive database of in vivo and in vitro data on embryotoxic compounds,
for use in the prevalidation and validation of the three assays. Phase II (19982000) involved a formal validation trial8 conducted under blind conditions on 20
carefully selected test chemicals,9 which were coded and distributed to the
participating laboratories. The results obtained were submitted to an independent
statistician for analysis. Data analysis and preparation of the final report took

place during 1999-2000. The final report of the validation study was submitted on
10 March 2000 and was accepted by ECVAM as stated in a letter of 24 May 2000.
B. The study was managed by a Management Team consisting of representatives of
the ECVAM Task Force on Developmental Toxicology, under the chairmanship
of Professor Horst Spielmann (ZEBET / BgVV, Centre for Documentation and
Evaluation of Alternative Methods to Animal Experiments at the BgVV, Berlin,
D). The following laboratories participated in the blind trial on the EST: ZEBET
(the lead laboratory), ECVAM (Ispra, I), Novartis (Basel, CH) and Schering
(Berlin, D).
C. In the embryonic stem cell test (EST) two permanent mouse cell lines are used to
assess the embryotoxic potential of test chemicals 2-7: 3T3 fibroblasts and the
embryonic stem cell line D3. Inhibition of differentiation and growth are
determined in embryonic stem (ES) cells and compared to inhibition of growth in
3T3 fibroblasts, which serve as surrogate for adult cells. Three endpoints are used
to classify the embryotoxic potential of test chemicals in the EST2-7: the inhibition
of growth of ES cells and 3T3 fibroblasts (cytotoxicity measured in the MTT
assay) by 50% of the control (IC 50 D3, IC 50 3T3) and the inhibition of the
differentiation of ES cells into spontaneously contracting cardiomyocytes by 50%
(ID50 ).
D. A prediction model was developed with the test compounds of the prevalidation
study and evaluated using the six test chemicals of the preliminary phase of the
validation study. 2-7 As a next step, this model was applied to classify the
embryotoxic potentials of the 14 test chemicals of the definitive phase of the
validation study into three classes of embryotoxicity (non, weak, strong) on the
basis of the in vitro data obtained in the four laboratories.8,9
Comparing these in vitro classifications to the in vivo classifications independently
assigned to the chemicals prior to the blind trial8 , the following overall contingency
statistics were obtained for the EST:7
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E. In order to compare the results of the three embryotoxicity tests the overall
contingency statistics are outlined in the following table.
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F. The design of 3x3 contingency tables that were used in the statistical evaluation
and the biostatistical performance criteria are shown in the following tables.
3x3 contingency table
In vivo class
1

Not embryotoxic
Weak embryotoxic 2
Strong embryotoxic3

Prediction
class 1
a
d
g

class 2
b
e
h

class 3
c
f
i

1) class 1; 2) class 2; 3) class 3
n = a+b+c+d+e+f+g+h+i
Precision for strong (respectively weak) embryotoxic chemicals is defined as the
proportion of correctly classified strong (respectively weak) embryotoxic
chemicals from the in vitro test versus chemicals that are strong (respectively
weak) embryotoxic in vivo.6 Precision for non embryotoxic chemicals describes
the proportion of the correctly predicted non embryotoxic chemicals relative to
the non embryotoxic chemicals in vivo.
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Predictivity for strong (respectively weak) embryotoxic chemicals is an estimate
of the likelihood that a positive prediction in the test correctly identifies a strong
(respectively weak) embryotoxic test chemical under the proposed condition of
use. Predictivity for non embryotoxic chemicals is, therefore, the estimate of the
likelihood that a prediction for non embryotoxic chemicals in the test correctly
identifies a non embryotoxic test chemical. The definitions (predictivity,
precision) used in the 3x3 contingency tables for in vitro toxicology tests were
adapted from the definitions (specificity, sensitivity) of 2x2 contingency tables.7
G. The management team (MT) of the ECVAM validation study agreed on the
following classification criteria:8
Since the test chemicals are assigned to three classes of embryotoxicity,7,8 33%
correct classifications can be expected purely by chance. In contrast, if two
classes are used for classification, an a priori probability of 50% can be expected
by chance. The criteria used by the MT of the present study to evaluate the
performance of the tests are shown in the following table.

By chance
Sufficient
Good
Excellent

Test performance (%)
33
≥ 65
≥ 75
≥ 85

This evaluation takes into account the inherent variability of the in vivo data.8
Thus an excellent performance was defined by a test performance of 85% for
each of the performance criteria (accuracy, predictivity, precision), while the
result was considered insufficient if the performance was below 65%.

Statement on the Scientific Validity of the Micromass Test - an In Vitro Test for
Embryotoxicity
At its 17th meeting, held on 16-17 October 2001 at the European Centre for the
Validation of Alternative Methods (ECVAM), Ispra, Italy, the ECVAM Scientific
Advisory Committee (ESAC)1 unanimously endorsed the following statement:
“The results obtained with the micromass test2 in the blind trial definitive phase of the
ECVAM international validation study on in vitro tests for embryotoxicity were highly
reproducible, both within and among the four laboratories that performed the test. The
correlation between the in vitro data and in vivo data was sufficient (accuracy 70%)
according to the performance criteria defined. The test proved applicable to testing a
diverse group of chemicals of different embryotoxic potentials (non-embryotoxic,
weakly embryotoxic, and strongly embryotoxic). The predictivity (100%) for strong
embryotoxic chemicals was excellent while the precision (69%) was sufficient. The
predictivity for non-embryotoxic test chemicals (57%) and the precision for weakly
embryotoxic test chemicals (60%) were insufficient (< 65%).
The Committee therefore agrees with the conclusion from this formal validation study
that the micromass test is a scientifically validated test for identifying strong
embryotoxic chemicals, which is ready to be considered for regulatory purposes.”
The ESAC has been regularly kept informed of the progress of the study, and this
endorsement is based on an assessment of various documents, including publications
on the results of the prevalidation phase of the study3 and development of the
prediction model,4-5 and in particular the final report on the performance of the EST in
a multilaboratory blind trial on 20 coded chemicals, which is published in ATLA.6, 7
This study was conducted according to ECVAM’s principles and procedures of
validation,8-10 and according to criteria laid down by the Organisation for Economic
Cooperation and Development (OECD)11 and the US validation centre, the
Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) at the National Institute of Environmental Health Sciences (NIEHS).12
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General information about the study
A. In December 1996, following an open call-for-tender, an ECVAM contract was
awarded to ZEBET / BgVV (Berlin, Germany), to plan and coordinate the
prevalidation and validation of three embryotoxicity tests: a) a test employing
embryonic stem cell lines; b) the micromass test; and c) the postimplantation rat
whole-embryo culture assay. Phase I (1997) of the study3 was designed as a
prevalidation phase, for test protocol optimisation and establishment of a
comprehensive database of in vivo and in vitro data on embryotoxic compounds,
for use in the prevalidation and validation of the three assays. Phase II (19982000) involved a formal validation trial5 conducted under blind conditions on 20
carefully selected test chemicals,6 which were coded and distributed to the
participating laboratories. The results obtained were submitted to an independent
statistician for analysis. Data analysis and preparation of the final report took
place during 1999-2000. The final report of the validation study was submitted on
10 March, 2000 and was accepted by ECVAM as stated in a letter of 24 May
2000.
B. The study was managed by a Management Team consisting of representatives of
the ECVAM Task Force on Developmental Toxicology, under the chairmanship
of Professor Horst Spielmann (ZEBET/BgVV, Centre for Documentation and
Evaluation of Alternative Methods to Animal Experiments at the BgVV, Berlin,
Germany). The following laboratories participated in the blind trial on the
micromass test: St. George’s Hospital Medical School (SGHMS, University of

London, UK, the lead laboratory), National Institute of Public Health and the
Environment (RIVM, Bilthoven, The Netherlands), KTL Finland (Kuopio,
Finland) and Synthèlabo Recherche (Gargenville, France).
C. In the micromass test aggregates of undifferentiated mesenchyme cells of early rat
embryo limbs are cultured in small volumes at high density. They will form
numerous small foci of differentiating chondrocytes within a background of
undifferentiated cells.2 In principle the micromass test is based on the ability of
test chemicals to inhibit the formation of foci. Two endpoints are determined in
the micromass test2 . In the present study, differentiation was assessed by alcian
blue staining of cartilage and growth of micromass cells was determined by
neutral red uptake.3-6 Since biostatistical evaluation of the two endpoints proved
that both of them provided the same information, 5 in the definitive phase of the
study, 50% inhibition of differentiation assessed by alcian blue staining (ID50 ) was
used as the only endpoint to classify the embryotoxic potential of test chemicals.
D. A prediction model was developed using the six test chemicals of the preliminary
phase of the validation study. 5 As a next step, this model was applied to classify
the embryotoxic potentials of the 14 test chemicals of the definitive phase of the
validation study into three classes of embryotoxicity (non, weak, strong) on the
basis of the in vitro data obtained in the four laboratories.6,7
Comparing the in vitro classifications with the in vivo classifications
independently assigned to the chemicals prior to the blind trial,7 the following
overall contingency statistics were obtained for the micromass test6 :

Predictivity for non- embryotoxic
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Predictivity for strongly embryotoxic
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Precision for non- embryotoxic
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80%
60%
69%

Accuracy

70%

E. In order to compare the results of the three embryotoxicity tests, the overall
contingency statistics are outlined in the following table.
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PM1
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WEC
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EST
72%
70%
100%

F.

Precision for non- embryotoxic
Precision for weakly embryotoxic
Precision for strongly embryotoxic

70%
45%
94%

80%
65%
100%

70%
83%
81%

Accuracy

68%

80%

78%

The design of 3x3 contingency tables that were used in the statistical
evaluation and the biostatistical performance criteria are shown in the
following tables.
3x3 contingency table
In vivo class
1

Not embryotoxic
Weak embryotoxic 2
Strong embryotoxic3

Prediction
class 1
a
d
g

class 2
b
e
h

class 3
c
f
i

1) class 1; 2) class 2; 3) class 3
n = a+b+c+d+e+f+g+h+i
Precision for strong (respectively weak) embryotoxic chemicals is defined as
the proportion of correctly classified strong (respectively weak) embryotoxic
chemicals from the in vitro test versus chemicals that are strong (respectively
weak) embryotoxic in vivo.7 Precision for non embryotoxic chemicals
describes the proportion of the correctly predicted non embryotoxic chemicals
relative to the non embryotoxic chemicals in vivo.
Statistics of 3x3 contingency table
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Predictivity for strong (respectively weak) embryotoxic chemicals is an
estimate of the likelihood that a positive prediction in the test correctly
identifies a strong (respectively weak) embryotoxic test chemical under the
proposed condition of use. Predictivity for non embryotoxic chemicals is,
therefore, the estimate of the likelihood that a prediction for non embryotoxic
chemicals in the test correctly identifies a non embryotoxic test chemical. The
definitions (predictivity, precision) used in the 3x3 contingency tables for in
vitro toxicology tests were adapted from the definitions (specificity,
sensitivity) of 2x2 contingency tables.8
G.

The management team (MT) of the ECVAM validation study agreed on the
following classification criteria6 :
Since the test chemicals are assigned to three classes of embryotoxicity, 5,6 33%
of correct classifications can be expected purely by chance. In contrast, if two
classes are used for classification, an a priori probability of 50% can be
expected by chance. The criteria used by the MT of the present study to
evaluate the performance of the tests are shown in the following table.

By chance
Sufficient
Good
Excellent

Test performance (%)
33
≥ 65
≥ 75
≥ 85

This evaluation takes into account the inherent variability of the in vivo data.6
Thus an excellent performance was defined by a test performance of 85% for
each of the performance criteria (accuracy, predictivity, precision), while the
result was considered insufficient, if the performance was below 65%.

Statement on the Scientific Validity of the Postimplantation Rat Whole-Embryo
Culture Assay -an In Vitro Test for Embryotoxicity
At its 17th meeting, held on 16-17 October 2001 at the European Centre for the
Validation of Alternative Methods (ECVAM), Ispra, Italy, the ECVAM Scientific
Advisory Committee (ESAC)1 unanimously endorsed the following statement:
“The results obtained with the postimplantation rat whole-embryo culture (WEC)
assay2 in the blind trial definitive phase of the ECVAM international validation study
on in vitro tests for embryotoxicity were reproducible, both within and among the four
laboratories that performed the test. The correlation between the in vitro data and in
vivo data was good (accuracy 80%) according to the performance criteria defined,
when cytotoxicity data provided by the cytotoxicity test with 3T3 cells obtained in the
embryonic stem cell test (EST) were included (prediction model PM2). The test
proved applicable to testing a diverse group of chemicals of different embryotoxic
potentials (non-embryotoxic, weakly embryotoxic, and strongly embryotoxic). The
predictivity and precision for strongly embryotoxic test chemicals were excellent
(100%). The predictivity for non-embryotoxic compounds (70%) and the precision for
weakly embryotoxic compounds (65%) were sufficiently high ( ≥ 65%).
The Committee therefore agrees with the conclusion from this formal validation study
that the postimplantation rat whole-embryo culture assay is a scientifically validated
test which is ready to be considered for regulatory purposes.”
The ESAC has been regularly kept informed of the progress of the study, and this
endorsement is based on an assessment of various documents, including publications
on the results of the prevalidation phase of the study3 and development of the
prediction model,4,5 and in particular the final report on the performance of the
micromass test in a multi-laboratory blind trial on 20 coded chemicals, which is
published in ATLA.6, 7
This study was conducted according to ECVAM’s principles and procedures of
validation, 8-10 and according to criteria laid down by the Organisation for Economic
Cooperation and Development (OECD)11 and the US validation centre, the
Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) at the National Institute of Environmental Health Sciences (NIEHS).12
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General information about the study
A. In December 1996, following an open call-for-tender, an ECVAM contract was
awarded to ZEBET/BgVV (Berlin, Germany), to plan and coordinate the
prevalidation and validation of three embryotoxicity tests: a) a test employing
embryonic stem cell lines; b) the micromass test; and c) the postimplantation rat
whole-embryo culture assay. Phase I (1997) of the study3 was designed as a
prevalidation phase, for test protocol optimisation and establishment of a
comprehensive database of in vivo and in vitro data on embryotoxic compounds,
for use in the prevalidation and validation of the three assays. Phase II (19982000) involved a formal validation trial6 conducted under blind conditions on 20
carefully selected test chemicals,7 which were coded and distributed to the
participating laboratories. The results obtained were submitted to an independent
statistician for analysis. Data analysis and preparation of the final report took
place during 1999-2000. The final report of the validation study was submitted on
10 March 10 2000 and was accepted by ECVAM as stated in a letter of 24 May
2000.
B. The study was managed by a Management Team consisting of representatives of
the ECVAM Task Force on Developmental Toxicology, under the chairmanship
of Professor Horst Spielmann (ZEBET/BgVV, Centre for Documentation and
Evaluation of Alternative Methods to Animal Experiments at the BgVV, Berlin,
Germany). The following laboratories participated in the blind trial on the
postimplantation rat whole-embryo culture assay: National Institute of Public
Health and the Environment (RIVM, Bilthoven, The Netherlands, the lead

laboratory) St. George’s Hospital Medical School (SGHMS, University of
London, UK), Novartis (Basel, Switzerland) and AstraZeneca CTL (Macclesfield,
UK).
C. In the postimplantation rat whole-embryo culture assay an elaborate
morphological scoring system2 is used to assess signs of malformation or
retardation in embryos exposed over a 48 hr period as well as embryonic death.
Since biostatistical evaluation had shown during development of the prediction
model that the scoring system could not reproducibly be applied even in
experienced laboratories, the following endpoints were used to classify the
embryotoxic potentials of test chemicals5 :
Prediction model 1 (PM1):
• IC 50 for malformation (the concentration at which 50% of the embryos are
malformed) and
• IC NOEC for TMS (the maximum concentration that has no effect on the total
morphological score (TMS).
Prediction model 2 (PM2):
• IC max for malformation (the lowest concentration that shows a maximum rate
of malformation and
• the relative distance between IC 50 3T3 (inhibition of growth of 3T3 cells by
50% of the control in the neutral red uptake test) and IC NOEC for TMS.
D. Two versions of the prediction model (PM1 and PM2) were developed using the
six test chemicals of the preliminary phase of the validation study. 5 Because the
PM1 of the postimplantation rat whole-embryo culture assay takes only
parameters of differentiation and development into account, and not cytotoxicity
data, a second prediction model (PM2) was developed by incorporating
cytotoxicity data for the differentiated mouse fibroblast cell line 3T3 (IC 50 3T3)
which were derived from the embryonic stem cell test (EST). As a next step, PM1
and PM2 were applied to classify the embryotoxic potentials of the 14 test
chemicals of the definitive phase of the validation study into three classes of
embryotoxicity (non, weak, strong) on the basis of the in vitro data obtained in the
four laboratories.6,7 Comparing these in vitro classifications with the in vivo
classifications independently assigned to the chemicals prior to the blind trial, 7 the
following overall contingency statistics were obtained for the postimplantation rat
whole-embryo culture assay6 :

Predictivity for non- embryotoxic
Predictivity for weakly embryotoxic
Predictivity for strongly embryotoxic
Precision for non- embryotoxic
Precision for weakly embryotoxic
Precision for strongly embryotoxic

WEC
PM1
56%
75%
79%

PM2
70%
76%
100%

70%
45%
94%

80%
65%
100%

Accuracy

68%

80%

E. In order to compare the results of the three embryotoxicity tests the overall
contingency statistics are outlined in the following table.

Predictivity for non- embryotoxic
Predictivity for weakly embryotoxic
Predictivity for strongly embryotoxic

MM test EST
57%
72%
71%
70%
100%
100%

Precision for non- embryotoxic
Precision for weakly embryotoxic
Precision for strongly embryotoxic

80%
60%
69%

70%
83%
81%

Accuracy

70%

78%

F. The design of 3x3 contingency tables that were used in the statistical evaluation
and the biostatistical performance criteria are shown in the following tables.
3x3 contingency table
In vivo class
1

Not embryotoxic
Weak embryotoxic 2
Strong embryotoxic3

Prediction
class 1
a
d
g

class 2
b
e
h

class 3
c
f
i

1) class 1; 2) class 2; 3) class 3
n = a+b+c+d+e+f+g+h+i
Precision for strongly (weak) embryotoxic chemicals is defined as the proportion
of correctly classified strong (weakly) embryotoxic chemicals from the in vitro
test versus chemicals that are strong (weakly) embryotoxic in vivo.7 Precision for
non-embryotoxic chemicals describes the proportion of the correctly predicted
non-embryotoxic chemicals relative to the non embryotoxic chemicals in vivo.
Statistics of 3x3 contingency table
Predictivity for non- embryotoxic chemicals



a+



a
 * 100
d + g 

Predictivity for weakly embryotoxic chemicals



 b+

e

 * 100
e + h

Predictivity for strongly embryotoxic chemicals





i

 * 100
c+ f +i

Precision for non- embryotoxic chemicals

a



 * 100
 a+b+c

Precision for weakly embryotoxic chemicals



 d+

e

 * 100
e+ f

Precision for strongly embryotoxic chemicals



g+

i

 * 100
h + i 

Accuracy





a+ e +i
 * 100
n 

Predictivity for strong (respectively weak) embryotoxic chemicals is an estimate
of the likelihood that a positive prediction in the test correctly identifies a strong
(respectively weak) embryotoxic test chemical under the proposed condition of
use. Predictivity for non embryotoxic chemicals is, therefore, the estimate of the
likelihood that a prediction for non embryotoxic chemicals in the test correctly
identifies a non embryotoxic test chemical. The definitions (predictivity,
precision) used in the 3x3 contingency tables for in vitro toxicology tests were
adapted from the definitions (specificity, sensitivity) of 2x2 contingency tables.8
G. The management team (MT) of the ECVAM validation study agreed on the
following classification criteria6 :
Since the test chemicals are assigned to three classes of embryotoxicity,6,7 33% of
correct classifications can be expected purely by chance. In contrast, if two
classes are used for classification, an a priori probability of 50% can be expected
by chance. The criteria used by the MT of the present study to evaluate the
performance of the tests are shown in the following table.

By chance
Sufficient
Good
Excellent

Test performance (%)
33
≥ 65
≥ 75
≥ 85

This evaluation takes into account the inherent variability of the in vivo data.7
Thus an excellent performance was defined by a test performance of 85% for
each of the performance criteria (accuracy, predictivity, precision), whereas the
result was considered insufficient, if the performance was below 65%.

