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Abstract

This study was part of the concerted efforts of UBA and OECD to develop an amphibian metamorphosis assay as a
screening tool to assess chemicals for their potential to disrupt normal thyroid function. The primary objective of
the present study was to evaluate two different exposure scenarios of the Xenopus Metamorphosis Assay (XEMA)
regarding their sensitivity to detect stimulating and inhibiting effects of thyroid system-disrupting chemicals.
Xenopus laevis tadpoles at stage 51 were exposed for 21 days and for comparison, tadpoles

at stage 54 were exposed for 14 days. The chemicals included in this testing were 6-propylthiouracil

(PTU, 2.5, 5.0, 10 and 20 mg/L) and thyroxine (T4, 0.25, 0.5, 1.0, 2.0 pg/L). PTU inhibited metamorphic
development at 10 and 20 mg/L in the stage 51 exposure study and at 20 mg/L in the stage 54 exposure study.
Hind limb growth was reduced at 10 and 20 mg/L PTU in the stage 51 study. Thyroid gland histology revealed
increases in thyroid gland size, follicle size and colloid resorption at 5, 10 and 20 mg/L PTU. The severity and
prevalence of histological changes was increased in the stage 51 exposure study. T4 enhanced metamorphosis at
1.0 and 2.0 pg/L in the stage 51 exposure study and at 2.0 pg/L in the stage 54 exposure study. Hind limb growth
was increased at 0.5, 1.0 and 2.0 ug/L T4 in the stage 51 exposure study and at 0.25 and 2.0 ug/L T4 in the stage
54 exposure study. Thyroid gland histology showed less marked changes induced by T4 compared to PTU.

Gene expression analysis revealed increased thyrotropin-R subunit gene expression by PTU only. PTU treatment
also caused reduced expression of thyroid hormone-regulated genes in brain tissue while T4 treatment led to
increased expression levels.

This study confirmed that a combined analysis of the proposed morphological, histological and molecular endpoints
provides a functional, sensitive and diagnostic approach for detection of agonistic (T4) and antagonistic effects
(PTU) on the thyroid system in Xenopus tadpoles. The present results further indicate that a higher sensitivity

of the XEMA assay was achieved when exposure of tadpoles was initiated at stage 51 compared to stage 54.
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1. SUMMARY

i) The purpose of this document is to summarize the results of an international round of testing
and research aimed at developing and optimizing an amphibian-based screening assay for thyroid axis
disruption. This effort originated at a meeting of the Amphibian Expert Group, an advisory group to
the Validation Management Group, in June 2003 at a meeting hosted by the US Environmental
Protection Agency in Duluth, MN, USA.

i) Endocrine disruption by environmental chemicalsis an international toxicological concern. As
such, the OECD has been working with member countries on the validation and harmonization of
testing methods for detecting chemicals that interfere with estrogen, androgen, and thyroid pathways.
One such method, an amphibian-based screening assay for thyroid axis disruption, has received
considerable attention due to the potential of this method to be a cost-effective screen for thyroid
active chemicals. The basis for the assay is that amphibian metamorphosis is primarily under the
control of thyroid hormone and that morphological changes typical of metamorphosis would be
modulated by agonists and antagonists of the thyroid system. Before an amphibian-based
metamorphosis assay can be adapted as a screen, several important issues need to be resolved,
including: sdlection of an appropriate developmental period during metamorphosis to test,
development of thyroid-related endpoints, establishment of optimal assay conditions, execution of the
assay using chemicals with different modes of thyroid, and demonstrated repeatability among different
laboratories. This document reports substantial progress on resolving these issues and culminates with
aproposal for additional international research.

iii) Three laboratories participated in this research effort: IGB, Japan, and MED. All three
laboratories had been working on development of a metamorphosis assay using slightly different
methods with the African clawed frog, Xenopus laevis, as the model species. The objective of this
work was to eval uate the methodologies of these different laboratories following exposure to identical
compounds and to use the outcomes of these studies to guide the development of a proposed research
direction that would lead to standardization and validation of an acceptable method.

iv) Prior to this collaborative research, little or no work had been conducted using identical
protocols and chemicals among different laboratories. Therefore, there was insufficient information to
eliminate or select one methodology over the other. Consequently, it was decided that the three
participating labs would each use their specific methods to test the anti-thyroid compound, 6-
propylthiouracil (PTU), and the receptor agonist, T4, at comparable exposure concentrations. These
studies initiated the exposure at two different developmental stages and were conducted for either 2 or
3 weeks. The primary endpoints were final developmenta stage, thyroid histology, and limb length.

V) In summary, these studies resulted in remarkably similar outcomes among the different
laboratories, despite minor methodological differences. PTU inhibited and T4 accelerated
metamorphic development, each in a concentration-dependent manner in experiments conducted in al
three labs. The effective concentrations of these chemicals were essentially identical when similar
endpoints were considered. These results suggest that the assay is relatively insensitive to minor
methodological differences and congtitutes a relatively robust system with potential for use in
screening chemicals for thyroid axis disruption.

vi) Finally, this report proposes the next phase in the validation process. This phase will differ
from the previous work in that the experiments will be conducted using identical methods. This
approach should reduce the already minimal variance in the results and provide a more comparable
data set to evaluate inter-laboratory variations. The chemicals selected for this phase include the
thyroid receptor agonist, T4, a thyroid hormone synthesis inhibitor, sodium perchlorate, and a
deiodinase inhibitor, iopanoic acid. The latter two chemicals were chosen because they represent
different mechanisms of action and will expand our understanding of the responsiveness of this assay.
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2. INTRODUCTION

1. This report summarizes the results from experimental work conducted in three laboratories
during Phasel of the validation of the Amphibian Metamorphosis Assay. The Amphibian
Metamorphosis Assay was selected by the OECD Task Force on Endocrine Disrupters Testing and
Assessment (EDTA) as an in vivo assay for identification of substances with the potential to disrupt
functions of the thyroid system. The need for the development and validation of an in vivo assay for
detection of thyroid system-disrupting substances arises from concern that a considerable number of
compounds have the potentia to interact with different aspects of thyroid system function and thyroid
hormone (TH) action (reviewed in Brucker-Davis, 1998; Zoeller, 2003). TH regulates a wide range of
biological processes associated with development, somatic growth, metabolism, energy provision and
reproduction in vertebrates and thus, exogenous substances that can interfere with thyroid system
function could pose a significant hazard to human health and wildlife (Colborn, 2002; Zoeller, 2003).

2. The biological principle of the assay is that the process of postembryonic development
(metamorphosis) in anuran amphibians is dependent on a functional hypothalamus-pituitary-thyroid
gland axis and undisturbed action of TH in peripheral tissues. The South African clawed toad Xenopus
laevis was selected as test organism for the assay because metamorphic development and the
regulatory role played by TH during this process are well characterized in this species. Previous work
by the laboratories participating in Phasel showed that in X laevis tadpoles, metamorphic
development can be precociously induced and/or accelerated by TH agonists whereas anti-thyroidal
agents inhibit metamorphic devel opment.

3. The first OECD ad hoc Expert Meeting on Amphibian Testing (June 26 — 27, 2003, Duluth,
USA) reviewed and discussed existing testing approaches and protocols and agreed on an action plan
for Phase | validation work (OECD, 2003). The two main outcomes of this Expert Meeting were that
() X. laevis represents the primary candidate for a test species to be used in the Amphibian
Metamorphosis Assay, (1) an exposure phase covering pre- and prometamorphic development but not
metamorphic climax offers considerable potential for the development of a sensitive test protocol.

4. Experience from previous studies conducted in various laboratories indicated that a test
protocol which includes exposure of tadpoles from late premetamorphic stages (e.g., stage51)
throughout late prometamorphic stages 58/59 would require a test duration of approximately 21 days.
However, the Expert group also acknowledged the need for a short exposure duration due to the
intended use of the assay for screening purposes. Therefore, an aternative 14-d test protocol was
proposed involving exposure of tadpoles from early prometamorphic stage54 throughout late
prometamorphic stages 58/59.

5. Accordingly, the primary objective of validation Phase | was a comparative evaluation of the
utility and sensitivity of the two proposed exposure scenarios to detect stimulating and inhibiting
effects of thyroid system-disrupting substances on X. laevis metamorphosis. For this purpose,
exposures were initiated with X. laevis tadpoles a developmental stages 51 and 54, respectively.
Exposure of stage 51 tadpoles was continued for atotal of 21 days and exposure of stage 54 tadpoles
was continued for a total of 14 days. Tadpoles were exposed to 4 different concentrations of the test
substance (n= 2 replicates per concentration) and a dilution water control group (n= 2 replicates). All
exposure experiments used an agueous route of exposure. The chemicals included in this testing were
6-propylthiouracil (PTU) and thyroxine (T4). PTU isawell studied chemical known to inhibit thyroid
hormone synthesis and T4 is the native prohormone. Test concentrations for both compounds were
selected based on the experience of the three participating laboratories in conducting related work with
X. laevis.

6. Participants of the first OECD ad hoc Expert meeting further agreed on a set of
morphological, histological and molecular biological endpoints that should be evaluated during
Phase | work with regard to their relevance, sensitivity and diagnostic value for detection of thyroid
system-related effects caused by the test chemicals. In addition, efforts towards the standardization of

8
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endpoint measurements were regarded as another major objective of the Phase | validation studies.

7. To that end, determination of the developmental stage of test organisms according to the
staging criteria of Nieuwkoop and Faber (1994) and qualitative histological analysis of the thyroid
gland were used as core endpoints in Phase | studies. Optiona endpoints included hind limb length
measurements, quantitative morphometric analysis of thyroid gland histology and gene expression
analysis in different tissues. Monitoring of tadpole growth and survival was considered as a means to
identify possible toxic side effects of test compounds and therefore, determination of body length and
body weight of the test organisms as well as daily recordings of mortality rates were included as
endpointsin Phase | experimental work.

3. OBJECTIVE OF THE INTER-LABORATORY COMPARISON STUDY

8. The overall goal of the Phase| validation study was to comparatively assess the utility and
sengitivity of two different exposure scenarios to detect changes in metamorphic development and
thyroid system function in response to substances considered to act as potent agonists (T4) and
antagonists (PTU) of thyroid system function. The two testing scenarios tested were (1) exposure of
stage 51 tadpoles for atotal of 21 days and (2) exposure of stage 54 tadpoles for atotal of 14 days.

0. Further objectives of Phase | validation work were to:

* evaluate the intra- and inter-laboratory variability of developmental and growth rates of
control animals

e appraise the robustness of the assay when applied in slightly different experimental conditions

e obtain dataon theintra- and inter-laboratory variability and reproducibility among the selected
core endpoints of the assay

» compare the different endpoints with view to their relevance, sensitivity and diagnostic value

e compare the two testing scenarios (stage 51 and stage 54 studies) in terms of sensitivity

e identify genera protocol changes and/or refinements to enhance reproducibility, sensitivity
and diagnostic value of the assay

» provide aproposa for atesting protocol to be used in Phase 11 of the validation process

4. METHODS
4.1. Overview of Test Conditions

10. Prior to initiation of the exposure studies, standard operating procedures (SOP; see Annex 5)
for the conduct of the experimental part of the studies were developed and approved by the Validation
Management Group for Ecotoxicity Testing (VMG-eco) for use in Phase | validation activities. An
overview of the test conditions and techniques applied in the three participating |aboratoriesis given in
Annex 1 of this document. The main difference between the labs was that the US lab and the JPN lab
used flow-through conditions whereas the GER lab used a static-renewal exposure system. Further
differences between the labs included:

* type of dilution water; the JPN lab used activated carbon filtered, UV-irradiated tap water,
the US lab used filtered, UV sterilized Lake Superior water, and the GER lab used a synthetic
test medium.

» thetypeof diet; SeraMicron was used in the GER and JPN lab; the US lab used a customized
mixture of trout starter, algae, TetraFin and brine shrimp.

* number of test animals per replicate; 20 tadpoles were used per replicate tank in the GER
and JPN lab; the US lab used 25 tadpoles per replicate tank in the PTU studies.

» developmental stage deter mination; stages were recorded in the GER and JPN lab at day 0,
7, 14 and 21 of exposure; the US lab determined this endpoints only at test termination.

* body length measurement; the GER and JPN lab determined whole body length (WBL) from
the snout to the tip of the tail; the US lab determined this endpoint as snout-to-vent length

9
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(SVL).

« thyroid gland histology; the GER analyzed transverse sections of the lower jaw from dorsal
to ventral; the JPN lab analyzed sagittal sections of the whole body from left to right and the
US lab analyzed transverse sections of the head from caudal to rostral.

4.2. Exposur e Experiments

11. Each lab conducted a total of four exposure studies according to the scheme depicted in
Tablel.

Table 1. Overview of exposure studies conducted by the three participating labs

ché?nsitc a Concentrations* ¢ estsﬁ?lﬁ]t?:tﬁ on duration
PTU 2.5, 5, 10, 20 mg/L 51 21 days
PTU 2.5, 5, 10, 20 mg/L 54 14 days
T4 0.25, 0.5, 1.0, 2.0 ug/L 51 21 days
T4 0.25, 0.5, 1.0, 2.0 ug/L 54 14 days

* |n addition to the concentrations listed above, the US lab also tested a PTU concentration of 1.25
mg/L and a T4 concentration of 4.0 pg/L

4.3. Statistical Analysis

12. Data sets for body length, hind limb length and body weight measurements were analyzed
for normal distribution (Kolmogorov-Smirnov-test) and homogeneity of variance (Levene-test).
Dunnett’ s test was used to compare data from the control group to all other treatment groups.

13. Developmental stage data were analyzed by using the non-parametric Kruskal-Wallis test
followed by Dunn’s multiple comparison test to compare data from the control group to al other
treatment groups. Differences in growth and developmental indices between treatments were
considered significant at the level of p<0.05.

14. Gene expression data were log-transformed to satisfy the criteria of normality and

homogeneity of variance. Dunnett’s test was used to compare control data to all other treatment
groups. Differences were considered significant at p<0.05.

10
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5. RESULTS

5.1.  Analytical Chemistry

5.1.1. Analytical Chemistry Results (USlab)

15. PTU was measured four times for each replicate in the 21 day study and three times for each
replicate in the 14 day study. Overall, the actual test concentrations were very close to the nomina

concentrations as detailed in the following two tables.

16. Measured PTU concentrations (mg/L) in the NF51 study conducted for 21 days. Sample size
for each replicate was 4.

Table 2. Measured PTU concentrations (mg/L) in the stage 51 study conducted for 21 days. Sample
size for each replicate was 4.

Replicate 1 Replicate 2 Combined

Nominal mean std mean std mean std
Control 0.00 0.00 0.00 0.00 0.00 0.00
1.25 1.54 0.04 151 0.05 1.52 0.05
2.50 2.77 0.04 281 0.03 2.79 0.04
5.00 5.54 0.05 5.56 0.05 5.55 0.05
10.00 10.78 0.11 10.84 0.10 10.81 0.10
20.00 21.21 0.22 21.19 0.17 21.20 0.19

Table 3. Measured PTU concentrations (mg/L) in the stage 54 study conducted for 14 days. Sample
size for each replicate was 3.

Replicate 1 Replicate 2 Combined
Nominal mean std mean std mean std
Control 0.00 0.00 0.00 0.00 0.00 0.00
1.25 1.54 0.02 1.56 0.01 155 0.02
2.50 2.86 0.03 2.86 0.03 2.86 0.03
5.00 5.48 0.04 5.39 0.04 5.43 0.06
10.00 10.63 0.07 10.79 0.07 10.71 0.11
20.00 20.82 0.11 20.93 0.25 20.88 0.18
17. T4 was measured two times for each replicate in the 21 day study and one or two times for

each replicate in the 14 day study. Overall, the actual test concentrations were very close to the
nominal concentrations as detailed in the following two tables.

Table 4. Measured T4 concentrations (LUg/L) in the stage 51 study conducted for 21 days. Sample size
for each replicate was 2.

Replicate 1 Replicate 2 Combined
Nominal mean std mean std mean std
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.25 0.28 0.04 0.27 0.03 0.27 0.03
0.50 0.56 0.10 0.49 0.01 0.52 0.07
1.00 111 0.11 0.96 0.00 1.04 0.11
2.00 241 0.68 1.84 0.04 2.13 0.51
4,00 3.86 0.12 3.50 0.19 3.68 0.25

Table5. Measured T4 concentrations (Ug/L) in the stage 54 study conducted for 14 days. Sample size

11
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for replicate 1 was 2 and for replicate 2 was 1.

Replicate 1 Replicate 2 Combined
Nominal mean std mean std mean std
0.00 0.00 0.00 0.00 na 0.00 0.00
0.25 0.21 0.01 0.21 na 0.21 0.01
0.50 0.45 0.06 0.51 na 0.47 0.05
1.00 0.77 0.14 0.94 na 0.83 0.14
2.00 1.65 0.11 1.83 na 171 0.13
4.00 3.48 0.37 3.57 na 351 0.27
5.1.2.Analytical Chemistry Results (JPN lab)
18. PTU was measured four times in the stage 51 study and three times in the stage 54 study.

Only one set of replicate tanks was measured.

Table 6. Measured PTU concentrations (mg/L) in the stage 51 study and the stage 54 study. Sample

sizes of the stage 51 study and the stage 54 study were 4 and 3, respectively.

stage 51 study stage 54 study
Nominal mean SD mean SD
2.50 2.03 0.78 2.93 0.75
5.00 4.35 2.17 5.15 0.28
10.00 11.20 191 11.17 0.37
20.00 27.62 5.98 24.19 0.42
19. T4 was measured four times in the stage 51 study and three times in the stage 54 study. Only

one set of replicate tanks was measured.

Table 7. Measured T4 concentrations (mg/L) in the stage 51 study and the stage 54 study. Sample

size of the stage 51 study was 2 or 3, and sample size of the stage 54 study was 2.

stage 51 study stage 54 study
Nominal mean SD mean SD
0.25 0.32 0.11 0.35 0.08
0.50 0.48 0.01 0.65 0.05
1.00 122 0.11 1.06 0.23
2.00 2.74 0.42 2.00 0.84
Comparison of Control Data
20. The baseline performance of test organisms in different laboratories is an important

consideration for evaluating the robustness of any standardized protocol intended for broad use.
Analysis of inter-laboratory variability in control treatment groups included a comparison of the
parameters mortality, developmental rate and growth rate.

21. Mortality was absent in the control groups of al 12 exposure studies conducted during
Phase | validation indicating that the general rearing conditions selected for the assay allow for high
survival rates of tadpoles. A first inspection of control data showed that developmenta rates of
untreated tadpoles were generally within the expected range as control tadpoles reached late
prometamorphic stages within the exposure periods of 21 days (stage 51 study) and 14 days (stage 54
study). The inter-laboratory differences in the developmental rate of the control treatments are

12



OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay — Sept.2004

highlighted in Table 8 for the stage 51 studies and Table 9 in for the stage 54 studies. In three of the
four studies conducted in the JPN lab, (PTU stage54; T4 stage51; and T4 stage 54), tadpole
development was dlightly retarded in comparison to the US and GER labs which demonstrated very
similar developmental rates despite different conditions used in the studies. While there may be
several factors involved, reduced availability of food in the JPN studies is likely the most important
factor. This conclusion is based on unpublished data from the US lab where the two different diets
were evaluated using the related species, X. tropicalis. In that study, different concentrations of
SeraMicron diet were administered to larvae under static and differing flow through conditions. It was
found that development under static conditions could be greater than flow through when the same
amount of food was provided. This difference was overcome in flow through conditions with higher
SeraMicron feeding rates. The interpretation of these data are that SeraMicron is a fine particul ate that
stays suspended in the water column for a long period of time and is subject to washing out with the
flow, resulting in reduced availability. Therefore, if SeraMicron is chosen as the preferred diet under
flow through conditions, feeding rates higher than those used in the JPN lab in this exercise should be
used.

13
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Table 8. Distribution of developmental stages reached by control tadpoles within 21 days during
exposure studiesinitiated at stage 51 in three different labs.

developmental stage
56 57 58 59 60 61 62 63 | median | range®
us 2 13 18 4 7 5 1 59 7
PTU" | JPN 16 13 8 2 1 58 5
GER | 2 17 4 14 2 1 58 6
us 6 4 15 8 4 3 59 6
T4 | PN | 2 3 16 12 4 3 58 6
GER 3 15 11 4 7 60 5

Note: ?value indicates the number of different stages determined for the control group
® test chemical used in the exposure study for which control data are shown

Table 9. Distribution of developmental stages reached by control tadpoles within 14 days during
exposure studiesinitiated at stage 54 in three different labs.

developmental stage
56 57 58 59 60 61 62 63 | median | range®
us 11 19 18 2 58 4
PTU°| PN | 6 32 2 57 3
GER | 1 14 14 9 2 58 5
us | 1 14 11 13 1 58 5
T4 | PN 25 6 7 2 57 4
GER 6 15 17 2 58 4

Note: ?value indicates the number of different stages determined for the control group
® test chemical used in the exposure study for which control data are shown

14
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22. Growth of tadpoles was assessed by means of whole body length (WBL) measurements
throughout the exposure periods of 21 and 14 days, respectively. Body weight was only determined at
test termination. Temporal changes in mean WBL of the control groups as determined in the JPN and
GER labs are illustrated in Figure 1. At test initiation of stage 51 exposure experiments, mean WBL
ranged between 24.0 and 28.1 mm. In the stage 54 exposure experiments, mean WBL ranged between
37.5and 43.2 mm at test initiation. In al experiments, mean WBL values increased from day O of
exposure to test termination. There were only dlight differences in tadpole growth rates between the
JPN and GER labs. The only exception was the stage 51 exposure study with T4 conducted in the JPN
lab where lower growth rates were determined for the control group.

23. In the stage 51 exposure experiments, increases in WBL were relatively constant during the
initial 14 days of exposure. However, particularly in the GER experiments, it was also observed that
growth of tadpoles was reduced between exposure days 14 and 21. This was most likely due to the fact
that tadpole growth ceased at stages 58/59 followed by a reduction in WBL due to reshaping of the
head region and initiation of tail resorption.

stage 51 studies stage 54 studies
70 70
60 60 -
E 50 | T 50 |
£ 50 £ 50
= 4
] m
= 40 = 40
—e— PTU stage 51 (GER lab) —e— PTU stage 54 (GER lab)
30 —O0— T4 stage 51 (GER lab) 30 - —O0— T4 stage 54 (GER lab)
—v— PTU stage 51 (JPN lab) —v— PTU stage 54 (JPN lab)
—v— T4 stage 51 (JPN lab) —v— T4 stage 54 (JPN lab)
20 ‘ : ‘ : 20 ‘ ‘ ; ‘
0 7 14 21 -7 0 7 14
Exposure duration (days) Exposure duration (days)

Figure 1. Tempora changes in whole body length (WBL) as determined for control tadpoles during
the conduct of stage 51 (21 days) and stage 54 (14 days) exposure studies. Data from 8 independent
experiments performed in the JPN and GER lab are shown. Mean values are shown while standard
deviation bars are omitted to reduce clutter.
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24. Table 10 and Table 11 summarize the results from measurements of WBL, snout-to-vent
length (SVL) and body weight at test termination for al studies conducted during Phase | validation
work. Although results from WBL and body weight measurements during the stage 51 exposure
studies conducted in the JPN lab indicated an increased intra-laboratory variability in tadpole growth,
the overal comparison of tadpole growth rates showed a high similarity between laboratories during
Phase | validation work.

Table 10. Results from body length (mm) measurements of control tadpoles at test termination of
12 different tests. Means and standard deviations were calculated for pooled control data of each
exposure study. Note that the US lab measured body length as snout-to-vent length (SVL) whereas the
JPN and GER labs measured whole body length (WBL) from the tip of the snout to thetip of thetail.

USlab GER lab JPN lab mean cve
(SVL) (WBL) (WBL) (WBL) (WBL)
21’ | PTU® | 195+19 50.8+ 2.6 64.2+3.9
21d | T4 195+ 1.7 58.9 + 4.2 56.1 + 3.4 59.7 +2.9 4.8 %
14d | PTU | 199+12 59.7 +2.9 60.4+2.9
14d | T4 19.2+0.9 59.6 + 2.4 59.6 + 3.2 59.8+ 0.3 0.6 %

Note: ?coefficient of variation; ° test duration, ¢ test chemical used in the exposure study for which
control data are shown.

Table 11. Results from body weight (mg) measurements of control tadpoles at test termination of
12 different tests. Means and standard deviations were calculated for pooled control data of each
exposure study.

USlab GER lab JPN lab mean cve
21d° | PTUC 1047 + 230 919 + 162 1065 + 153
21d T4 1042 + 202 824 + 169 761 + 127 943 + 118 12.5%
14d PTU 1069 + 161 957 + 139 896 + 113
14d T4 943 + 157 861 + 117 882 + 131 934 + 69 7.4%

Note: 2 coefficient of variation; ° test duration, © test chemical used in the exposure study for which
control data are shown
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5.2. Exposur e Studieswith Propylthiouracil (PTU)

25. PTU was used as a model test compound with reported anti-thyroida activities in mammals
(Capen, 1996) as well as in anuran tadpoles (Goos et al., 1968). Effects of PTU on the thyroid system
of Xenopus tadpoles were comparatively assessed in a 21 day exposure study initiated with stage 51
tadpoles (stage 51 study) and in a 14 day exposure study initiated with stage 54 tadpoles (stage 54
study). Both exposure studies were performed in parallel with tadpoles from the same spawn. In both
exposure scenarios, PTU treatment comprised nominal concentrations of 2.5, 5, 10 and 20 mg/L (the
US lab aso tested 1.25 mg/L PTU). Mortality was negligible in all exposure studies with PTU (data
not shown).

5.2.1.Stage 51 Exposure Studieswith PTU (21 Day Assay)
Developmental stage

26. Results from developmental stage determination in the different labs during the stage 51
exposure studies with PTU are summarized in Table 12. No significant effects on developmental stage
were observed following 7 days of exposure to PTU in either the JPN or GER study. The US lab did
not assess apical endpoints prior to test termination at day 21. Significant developmental retardation
was observed at 5.0 and 20 mg/L PTU following 14 days of exposure in the JPN lab but not in the
GER lab. All three labs showed significant differences following 21 days of exposure to 20 mg/L. In
addition, the GER study showed a significant retardation following 21 days of exposure to 10 mg/L.
The significant difference at 5 mg/L after 14 days of exposure in JPN study seems to be an anomalous
result and driven by one of the two replicates which does not fit the pattern of the other tests.
Furthermore, the apparent significance at 5 mg/L for 14 days by the JPN lab does not persist at 21
days, suggesting that this observation is not real .
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Hind Limb Length

27. In addition to stage determinations, measurements of hind limb length were used in the GER
(Table 13) and JPN study (Table 15) to assess effects of PTU on hind limb morphogenesis. In both
studies, exposure to the highest PTU concentration (20 mg/L) resulted in a significant retardation of
hind limb growth at al timepoints studied (7, 14, 21 days). In the GER study, 10 mg/L PTU also
caused a significant reduction in hind limb growth following 14 and 21 days of exposure. In the JPN
study, 5.0 mg/L but not 10 mg/L PTU caused a significant reduction in hind limb length following 14
and 21 days of exposure.

Body Length

28. Effects of PTU on tadpole growth were examined in the GER and JPN study by WBL
measurements (Table 13 ; Table 15). In the GER study, weak growth-retarding effects were observed
following 7 and 14 days of exposure to 10 and 20 mg/L PTU. Effects of PTU on tadpole growth were
more variable in the JPN study. Similar to the GER study, 20 mg/L PTU caused a significant reduction
in WBL following 7 and 14 days of exposure. 10 mg/L PTU caused a significant increase in WBL
after7 days whereas 5 mg/L PTU caused a significant reduction in WBL after 14 days. At test
termination (day 21), no significant effects of PTU treatment on WBL were detectable. The US lab
measured SVL at test termination only and determined a significantly increased SVL at 20 mg/L PTU.

Body Weight

29. Effects of PTU on tadpole growth were further examined in all labs by body weight
measurements at test termination. No significant effects of PTU treatment on tadpole body weight
were detectable in the GER study (Table 13). In the JPN study, PTU treatment at 5, 10 and 20 mg/L
significantly decreased body weight (Table 15). In contrast, mean body weight of tadpoles exposed to
20 mg/L PTU was significantly increased in the US study (Table 17).
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Table 13. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with PTU in the GER lab.

Test substance: PTU Lab: GER
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean = SD (mg/L)
whole body length (mm)
0 A 282+1.0 282+0.9 27.8+1.0 275+0.8 280+1.0
B 28.0+1.0 280+1.1 281+1.2 27.7+0.8 27.9+0.9
Pool 28110 28.1+10 28.0+10 27.6+0.8 27910
7 A 46.1+25 438+ 2.0 44021 425+22 441+26
B 452+ 2.6 447+3.0 | 45.3+20 | 439+20 437+ 2.6
Pool 456+25 | 442+26* | 44621 |432+£22* | 439+26*% 107
14 A 56.9+ 3.6 541+3.0 542126 53530 544+34
B 557+ 3.1 553+4.1 559+ 25 544+ 35 54.7+3.1
Pool 56.3+ 3.3 54.7+ 3.6 551+2.6 | 539+32* | 545+3.1* 10
21 A 59.6+2.7 58.1+ 3.0 584+ 26 58.0+23 585+ 3.9
B 60.0+ 2.6 58.8+ 3.2 593+ 21 58.6 + 3.3 58.9+ 3.2
Pool | 59.8+26 585+30 | 588+24 | 583+28 58.7+ 3.5 ns
hind limb length (mm)
7 A 23%£03 21+0.2 22+03 21+0.2 21+02
B 23+0.3 20+03 22+03 21+03 20+0.3
Pool 23+03 21+02* 22+03 21+02 20+02* 20"
14 A 53+10 44+08 45+ 0.6 43+09 40+08
B 5.0+£09 51+09 50+ 0.8 44+ 05 45+08
Pool 51+09 4.7+ 0.9 48+ 0.7 43+0.7*% 42+0.8* 10
21 A 121+ 35 8.8+25 9.3+20 89+25 8.0+27
B 10.3+31 106+33 | 103+2.1 88+22 8.8+26
Pool 11.2+ 3.3 9.7+ 3.0 9.8+ 20 89+23* 84+26* 10
body weight (mg)
21 | A |e785+1300| 839r | 848x 1 8275% | gag 1910
B |os02+1709| B729% | 8WOx 1 BOLOE | g 01670
Pool | 0188+ 161.9| SoA9% | B99x [ BATE g\ 611750 ns

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’s Test)
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# no concentration response relationship
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Table 15. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with PTU in the JPN lab.

Test substance: PTU Lab: JPN
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
whole body length (mm)
0 A 26.7+1.6 26.3+17 262+ 17 26.4+20 26.7+13
B 264+19 26.1+18 264+21 26.8+24 26.5+17
Pool 265+1.7 26.2+1.7 26.3+1.9 26.6+21 26.6+15
7 A 429+ 30 447+ 3.7 427+3.0 448+ 3.9 36.8+55
B 422+ 34 44+ 31 39.7+43 | 46939 43.1+24
Pool 426+ 3.1 446+33 | 41.2+39 | 459+39* | 399+52* 107
14 A 56.9+5.3 58.1+4.4 559+ 3.7 56.9+45 495+ 10.8
B 577+ 3.6 57827 50.5+5.1 57552 573+ 3.6
Pool 57.3+44 579+35 | 533+51* | 57.2+47 535+8.7* 207
21 A 63.2+4.6 645+34 63.8+3.1 63.8+4.1 61.1+87
B 65.3+ 2.7 64.1+27 60.7+5.2 63.0+ 4.6 65.7 £ 3.7
Pool | 64.2+39 64.3+3.0 | 623+44 | 634+43 63.6 £ 6.7 ns
hind limb length (mm)
7 A 22+04 23104 22+04 22+04 18+05
B 22+04 24+05 2004 24+05 20+£03
Pool 22+04 23104 21+04 23104 19+04* 20
14 A 56+11 58+14 54+10 54+11 3.0x10
B 57+1.1 6.0+13 43+1.1 57+14 32+11
Pool 57+11 59+13 48+ 12* 56+12 31+11~* 20"
21 A 124+ 32 13.7+40 121+31 121+32 46+22
B 13.3+29 13.6+ 3.6 94+27 129+ 43 56+ 32
Pool 12.8+ 3.0 13.7+37 |108+31* | 125+37 51+27* 20"
body weight (mg)
21 A | 1028 + 150.2 1,,0,:53 1i 948 + 125.2 | 969+ 170.7 | 819+ 261.0
B |1101+1541 | 996+119.1 | 775+171.9 | 965+ 150.8 | 995+ 167.9
Pool | 1065+ 1527 | [023% | 864£1696 | 96721570 | g1y, ooy 94 5.0

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’s Test)

# no concentration response relationship

23




144

(3191 s.uunQ ‘50°0 >d) dnoib [01U02 BY] WO SIUBBJLIP 1R 11IUBIS 81 IpUI S| B2 Papeys
diysuoe pJ asu0dsal UOIRIUSJUOD OU # ‘S139)0 JUedijIubs ou su

(074 8575 56 09-SS 85 19-G5 /S 29-95 85 19-/G 85 | |ood
................... 8G-¥G GS 09-9G 8G 6G-GG /S | 2996 85 09-/S 85 | 9
1SS s 09-SS 8 19-/5 8s 19-9G 8 19-/S  G.S Vv | 12
,0C 1S-25 S 1SS 9 1G-S 9s 1G-S 9 /S-6§  G9G | |ood
................... /G-€S S LGS 9 LGS G | /GGG 95 /G668 /S | 94
GS-25 S 1S5 9 /G-GS 9s /G-GS 9G /G-GS 9 v | VT
su ¥G-TS S GG-2S S GG-2S S ¥5-2S S GG-€S ¥ | 100d
................... ¥G5-¢S S GG-€S S GG-25 ¥S | ¥S€5 S v5€S S | 9
¥G-TS S ¥5-25 S ¥5-€5 S ¥5-25 S GS-€S S v L
/6w abuel uelpsw | abuel uelpsw | abuel uelpsw | abuel Uelpsw | abuel ueipsw | Muer | Aep
03017 7/6w 02 7/6w 0T /0w og Jlwge |043U0D
NdC e Nld @ouesqns 181

‘0| NdC 3U3 Ul N 1d UHm Apnis TG abels ay) BuLinp uofeuiueip afess fejualudo pAsp Wwoly s}nsal Jo Arewns 9T a|de L

#002'1deS  Aessy sisoydiowes |\ Ueiqiyduuy 8yl Jo Uoiepife A8y} JO T 8seyd Jo Lodsy 1eid ad30




OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay ~ Sept.2004

Table 17. Summary of results from snout-to-vent length and body weight measurements during the

stage 51 study with PTU inthe US|ab.
Test substance: PTU Lab: US
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
snout-to-vent length (mm)
21 A 19.7+16 192+13 | 196+20 | 198+16 21.6+14
B 195+ 22 196+20 | 205+17 | 201+16 220+ 13
Pool | 195+19 194+15 | 200+19 | 197+16 | 21.8+13* 20
body weight (mg)
1084.4 + 967.2+ 10433 1084.3 + 11521 +
21 A 101 B 11E Q 297N Q 1714 1 2NQ 1
1009.5 + 1040.1 + 1119.8 + 1066.6 + 12726 +
B 202 Q 170.Q 212 85 102 Q 10N B
1047.0+ 1003.7 £ 10815 + 10755+ 1211.1 +
POOI 22N 9 101 R 27ME Q 102 2 2NN Q * 20

25

asterisks denote significant differences from the control group (p< 0.05; Dunnett’s Test)
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Histopathology

30. The detailed reports of the histopathological analyses conducted by the US lab, GER lab and
JPN lab are presented in Annex 2, Annex 3, and Annex 4, respectively. In summary, these analyses
revealed exposure-related changes in the thyroid gland, which included distension of thyroid follicles,
diffuse enlargement of the thyroid glands, colloid depletion and follicular cell hyperplasia. A low
incidence of changes in the thyroid gland (minimal distension of thyroid follicles) was observed for
tadpoles exposed to the lower PTU concentrations of 1.25 mg/L (only in the US study) and 2.5 mg/L.
However, at higher PTU concentrations, follicular distension accompanied by diffuse enlargement of
the thyroid glands increased in prevalence and severity in a concentration-dependent manner. An
increase in the thickness of the epithelial cell layer (follicular cell hypertrophy) was observed at the
two highest PTU concentrations of 10 and 20 mg/L. Hyperplasia of follicular cells was prominent in
the 20 mg/L PTU treatment group but was also evident in some thyroid glands from the 10 mg/L PTU
trestment. The degree of colloid depletion was also enhanced at the two highest PTU concentration
and collapsed follicles devoid of colloid were detected in some glands from the 20 mg/L PTU
treatment. Quantitative methods (morphometric analysis) were successfully applied to confirm the
increase in epithelial cell height and the enlargement of the thyroid gland.

Gene Expression in Brain/Pituitary

31 Samples of whole brain tissue including the pituitary (brain/pituitary) taken at test
termination of the GER study were analysed for changes in gene expression by means of semi-
guantitative RT-PCR. Results from these RT-PCR analyses revealed increased expression of the
B-subunit of thyrotropin (TSHp) at 20 mg/L PTU (Figure 2). In addition, mMRNA expression levels of
several genes that are positively regulated by thyroid hormones were also analysed in brain/pituitary
tissue. Thyroid hormone receptor § (TRB) MRNA expression was slighly reduced at 10 and 20 mg/L
PTU though these differences were not dtatistically significant. Reduced mRNA expression levels
were also observed at 10 and 20 mg/L PTU for other genes including basic transcription element
binding protein (BTEB), b/ZIP, prolactin, and type |11 monodeiodinase. However, due to the relatively
small sample number that has been analysed so far (n=3-5 per treatment group), effects did not always
reach statistical significance.
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Figure 2. Effects of PTU on gene expression in tadpole brain. RNA was isolated from
brain/pituitary tissue samples taken at test termination of the stage 51 exposure study with PTU in the
GER lab. Semiquantitative RT-PCR analyses of mRNA expression of thyrotropin B -subunit (TSH ),
thyroid hormone receptor f (TR ) and basic transcription element binding protein (BTEB) were
performed and results from densitometric analysis of scanned agarose gels are shown. Results were
expressed relative to the control group (ctrl). Columns and bars represent mean values + SEM of
triplicate analyses. Statistically significant differences from the control are marked by asterisks (*

p<0.05; Dunnett’ s test).
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5.2.2.Stage 54 Exposure Studieswith PTU (14 Day Assay)
Developmental Stage

32. Results from developmental stage determination in the different labs during the stage 54
exposure studies with PTU are summarized in Table 19. No significant effects on stage devel opment
were observed following 7 days of exposure to PTU in either the JPN or GER study. The US lab did
not analyze apical endpoints prior to test termination at day 14. However, after 14 days of exposure,
all three labs demonstrated significant retardation of development at 20 mg/L PTU. The US study also
was significant at 10 mg/L.

Hind Limb Length

33. In addition to stage determinations, measurements of hind limb length were used in the JPN
and the GER study to assess effects of PTU on development (Table 20; Table 22). No significant
differences in hind limb length were observed following 7 days of exposure to PTU. At day 14, hind
limb length was reduced in the 20 mg/L PTU treatment group but the effect was significant only in the
JPN study.

Body Length

34. Effects of PTU on tadpole growth were examined in the JPN and the GER study by WBL
measurements (Table 20; Table 22). Significant reductions in mean WBL were observed in the GER
study for 5 and 20 mg/L PTU at day 7. At test termination, no significant effects of PTU treatment on
WBL were detectable. The US lab measured SVL at test termination only and determined a
significantly increased SVL at 20 mg/L PTU.

Body Weight

35. Effects of PTU on tadpole growth were further examined in all labs by body weight
measurements at test termination (Table 20; Table 22; Table 24). No significant effects of PTU
treatment on tadpole body weight were detectable at day 14.
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Table 20. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with PTU in the GER lab.

Test substance: PTU Lab: GER
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
whole body length (mm)
0 A 434+13 426+1.6 427+1.9 426+ 1.6 431+14
B 431+1.6 427+1.6 425+13 | 428+16 427+ 1.3
Pool 432114 426+16 | 426+£16 | 42715 429+ 14
7 A 57.0+28 56.0+34 55.6+ 2.3 55.5+25 558+ 25
B 572+ 33 56.3+24 55.5+21 559+ 2.0 548+ 2.6
Pool 57.1+3.0 56.1+29 |555+22* | 557+22 553+25* 207
14 A 59.7+31 585+ 3.6 588+ 1.7 584+ 27 58623
B 50.8+ 2.7 50.3+21 58.0+ 2.6 585+ 2.0 58.0+ 2.7
Pool 59.7+ 28 589+29 | 584+22 | 585+23 58.3+ 25 ns
hind limb length (mm)
7 A 57+09 55+09 50+£10 55+ 09 52+09
B 56+09 53+0.7 55+ 0.8 53+0.8 51+0.7
Pool 56+09 54+08 5309 54+08 52+0.8 ns
14 A 11.0+29 10.0+ 26 93+24 101+23 95+23
B 10.8+ 2.8 9.6+ 25 102+ 27 9.6+ 19 9.1+20
Pool 109+ 28 9.8+ 25 9.8+ 25 99+21 93+21 ns
body weight (mg)
14 | A |omirr1063| 929F | 9B7x 1 908SE a5 1355
B |969.5+156.1 91292;65 9111563 926.4+ 955 | 879.0+ 138.5
Pool | 9568+ 1300| O242% | 9231x [ Q164 | o060, 1336 ns

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’ s Test)

# no concentration response relationship
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Table 22. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with PTU in the JPN lab.

Test substance: PTU Lab: JPN
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
whole body length (mm)
0 A 394+23 38720 38120 39523 386+19
B 38.7+£1.9 385+4.1 389+24 | 393+24 38.2+23
Pool 39.0+21 386+£32 | 385+22 | 394+£23 384+21
7 A 516+ 25 489+19 4907+ 2.6 519+21 519+28
B 519+ 25 51.8+ 3.3 51.6+27 519+ 3.2 52.6 £ 2.7
Pool 51.8+24 504+ 3.0 50.7+ 2.7 51926 522+27 ns
14 A 59.7+ 3.0 59.3+ 2.0 59.2+26 60.3+1.9 60.3+ 3.8
B 61.2+2.6 61.2+31 59.0+ 25 60.1+ 2.6 615+ 3.3
Pool 60.4+29 60.2+ 2.7 59.1+25 60.2+ 2.2 60.9+ 35 ns
hind limb length (mm)
7 A 42+ 0.7 3.7+0.7 40+£05 44+ 0.6 41+0.8
B 43+ 0.6 43+09 3.9+ 0.6 40+ 0.7 3.8+ 0.6
Pool 4.2+ 0.6 40+0.8 3905 42+ 0.7 3907 ns
14 A 91+18 78+14 88+16 94+18 78+19
B 88+14 9.9+22 8417 84x21 72+16
Pool 89+16 8.8+21 8.6+16 89+19 75+ 17* 20
body weight (mg)
14 | A |8680+114.9 8426+ 732 Sf'fff 869.6 + 88.3 | 845.6 + 130.4
B |opa0+110a| H93F | 82r6x 1 BBTE | 001330
Pool | 896.0+113.4| S0L0% | 838BO* fo0, 64006 8614+ 1203 ns

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’ s Test)
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Table 24. Summary of results from snout-to-vent length and body weight measurements during the

stage 54 study with PTU in the US|ab.
Test substance: PTU Lab: US
control 2.5mg/L 5.0 mg/L 10 mg/L 20 mg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (mg/L)
snout vent length (mm)
14 | A 199+14 202+12 | 200+£11 | 191+12 209+12
B 20.0+ 1.0 194+13 | 200+09 | 205+12 21.2+1.0
Pool | 199+12 198+13 | 200+10 | 198+14 | 21.1+11* 20
body weight (mg)
10525+ 1089.8 + 1062.2 + 9335+ 11156 +
14 A 101 R 128 N 1EQ R 172 1 10- 1
1085.1 + 996.4 + 1055.0+ 1101.6 + 1162.7 +
B 122 7 1BA 6 112.Q 164.1 1468 N
1068.8 + 1043.1 + 1058.6 + 1017.6 £ 1139.2 +
POOI 1”N R 1EN 1 1214 QO 10 7 171 N ns

Dunnett’ s Test)
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ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
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Histopathology

36. The detailed reports of the histopathological analyses conducted by the US lab, GER lab and
JPN lab are presented in Annex 2, Annex 3, and Annex 4, respectively. In summary, these analyses
revealed exposure-related changes in the thyroid gland, which included distension of thyroid follicles,
diffuse enlargement of the thyroid glands, colloid depletion and follicular cell hyperplasia. A low
incidence of changes in the thyroid gland (minimal distension of thyroid follicles) was observed for
tadpoles exposed to PTU concentrations of 1.25 mg/L (only in the US study) 2.5 and 5.0 mg/L. At
10 and 20 mg/L PTU, follicular distension accompanied by diffuse enlargement of the thyroid glands
increased in prevalence and severity in a concentration-dependent manner. An increase in the
thickness of the epithelial cell layer (follicular cell hypertrophy) was observed at the two highest PTU
concentrations of 10 and 20 mg/L whereas hyperplasia of follicular cells was only observed in the
20mg/L PTU treatment group. Colloid depletion was also observed a the two highest PTU
concentration and collapsed follicles devoid of colloid were detected in some glands from the 20 mg/L
PTU treatment. Quantitative methods (morphometric analysis) were successfully applied to confirm
theincrease in epithelia cell height and the enlargement of the thyroid gland.

Gene Expression in Brain/Pituitary

37. Samples of whole brain tissue including the pituitary (brain/pituitary) taken at test
termination of the GER study were analysed for changes in gene expression by means of semi-
guantitative RT-PCR (Figure 3). Results from RT-PCR revealed increased mRNA expression of TSH
B a 20 mg/L PTU. In addition, reduced mRNA expression levels were also observed at 10 and
20mg/L PTU for other genes including BTEB, b/ZIP, prolactin, and type IIl monodeiodinase.
However, due to the relatively small sample number that has been analysed so far (n=3-5 per treatment
group), effects did not always reach statistical significance.
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Figure 3. Effects of PTU on gene expression in tadpole brain. RNA was isolated from
brain/pituitary tissue samples taken at test termination of the stage 54 exposure study with PTU in the
GER lab. Semiquantitative RT-PCR analyses of mRNA expression of thyrotropin B -subunit (TSH ),
thyroid hormone receptor f (TR B) and basic transcription element binding protein (BTEB) were
performed and results from densitometric analysis of scanned agarose gels are shown. Results were
expressed relative to the control group (ctrl). Columns and bars represent mean values + SEM of
triplicate analyses. Statistically significant differences from the control are marked by asterisks (*

p<0.05; Dunnett’ s test).
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5.3. Exposur e Studieswith Thyroxine (T4)

38. T4 was used as a model test compound because this thyroid hormone has been shown to
stimulate metamorphosis in anuran tadpoles at low concentrations without causing toxic side effects
(Opitz et al., in press). Effects of T4 on Xenopus metamorphosis were comparatively assessed in a
21 day exposure study initiated with stage 51 tadpoles (stage 51 study) and in a 14 day exposure study
initiated with stage 54 tadpoles (stage 54 study). Both exposure studies were performed in parallel
with tadpoles from the same spawn. In both exposure scenarios, T4 treatment comprised nominal
concentrations of 0.25, 0.5, 1.0 and 2.0 pg/L (the US lab also tested 4.0 ug/L T4). Mortality was
negligiblein all exposure studies with T4 (data not shown).

5.3.1.Stage 51 Exposure Studieswith T4 (21 Day Assay)
Developmental Stage

39. Results from developmental stage determination in the different labs during the stage 51
exposure study with T4 are summarized in Table 26. Significant acceleration of stage devel opment
was observed in the JPN study at 1.0 and 2.0 ug/L T4 after 7, 14, and 21 days of exposure. The GER
study showed significant acceleration at 2.0 ug/L T4 after 7 and 14 days, as well as at 1.0 ug/L after
21 days of exposure. The US study was significant at 2.0 pug/L after 21 days of exposure (the US lab
did not anayze the stages prior to test termination at day 21). The US lab showed further
developmental acceleration in the 4.0 ug/L T4 treatment after 21 days of exposure.
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Hind Limb Length

40. In addition to stage determinations, measurements of hind limb length were used to assess
stimulatory effects of T4 on hind limb morphogenesis in the GER and JPN study (Table 27; Table 29).
In the GER study, significant acceleration of hind limb morphogenesis was observed for T4
concentrations of 0.5, 1.0 and 2.0 ug/L at exposure day 7. At later time points of the GER study (day
14 and 21), hind limb length at T4 concentrations of 1.0 and 2.0 pg/L was significantly greater than in
untreated controls. Significant acceleration of hind limb morphogenesis was also observed in the JPN
study for 1.0 and 2.0 pg/L T4 at days 7, 14 and 21.

Body Length

41. Effects of T4 on tadpole growth were examined in the GER and JPN study by WBL
measurements (Table 27; Table 29). None of the tested T4 concentrations affected tadpole growth
during the initial 7 days of exposure. Treatment with 2.0 ug/L T4 caused a significant reduction in
mean WBL at day 14 (JPN study) and at day 21 (GER and JPN study). The US lab measured SVL at
test termination only and observed significantly reduced SVL at 1.0, 2.0 and 4.0 pg/L T4 (Table 31).

Body Weight

42. Effects of T4 on tadpole growth were further examined in al labs by body weight
measurements at test termination (Table 27; Table 29; Table 31). Significant reductions in body
weight were observed at 1.0 and 2.0 ug/L T4 in the GER and US studies. In the US study, a strong and
significant reduction in body weight was also observed after treatment with 4.0 ug/L T4. Effects of T4
on body weight at day 21 occurred in a concentration-dependent manner in the GER and US labs. The
effects detected in the JPN study were more difficult to interpret. In the JPN study, T4 treatment at
0.25 pg/L significantly increased body weight at day 21 whereas 2.0 ug/L T4 caused a significant
reduction in body weight at day 21.
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Table 27. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with T4 in the GER lab.

Test substance: T4 Lab: GER
control 0.25ug/L | 05ug/L 1.0 pg/L 2.0 pg/L LOEC
day | tank | mean+SD | mean+SD | mean=SD | mean£SD | mean+ SD (ug/L)
whole body length (mm)
0 A 274+ 05 275+ 05 275+05 274+05 274+05
B 274+ 05 275+ 05 274+ 05 274+ 05 275+ 05
Pool 27.4+05 27.5+05 27.5+05 27.4+05 27.4+05
7 A 46.2+1.8 466+ 2.5 473+ 2.6 47.1+31 457+£25
B 465+ 2.8 46.3+29 | 46.9+32 | 46.6+30 452+24
Pool 46.3+2.3 465+26 | 471+£28 | 469+30 455+ 24 ns
14 A 585%20 50.1+31 50.0+31 59.2+4.2 57.5%+33
B 58.7+ 2.7 58.7+4.0 58.1+ 3.7 579+ 31 56.4+ 25
Pool | 586+23 589+35 | 586+33 | 58.6+3.6 57.0+2.9 ns
21 A 58.8+ 3.2 58.7+ 3.6 59.1+29 57.1+43 53.6+4.7
B 59.0+5.2 599+ 34 59.1+29 571+42 46.8+ 104
Pool 589142 50.3+34 | 59.1+29 57141 50.2+8.6* 2.0
hind limb length (mm)
7 A 24+03 28+03 2905 31+03 3703
B 24+0.3 26103 29+ 04 3.1+03 3.8+0.3
Pool 24+03 27103 29+04* | 31+£03* 3.7+03* 0.5
14 A 7.0+ 0.7 7.3+0.7 73108 77+10 87+12
B 6.8+1.0 6.8+1.0 7.0+09 74+10 94+0.8
Pool 6.9+0.8 7009 7108 76+10* 91+10* 1.0
21 A 17.2+22 180+17 174+ 25 183+ 26 192+16
B 16.2+ 3.0 16.0+ 35 16.8+ 3.0 182+18 19.6+1.1
Pool 16.7 £ 2.6 170+ 29 17.1+27 182+22 194+14* 2.0
body weight (mg)
21 | A |s27ar1e13| P0x | 7278x 1 7002+ | 5404034
B |819.7+184.0 8933;83 7?92563 6?3;;75 509.2 + 101.6
Pool | 823.5+ 168.7 716 ,};9: 715 f{,gf ?%:if >49.6 f 1034 1.0

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’'s Test)
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Table 29. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 51 study with T4 in the JPN lab.

Test substance: T4 Lab: JPN
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+£SD | mean+ SD (ng/L)
whole body length (mm)
0 A 240+ 17 232114 237116 237115 238+12
B 23.8+1.3 238+11 | 239+1.7 | 236+20 233+x1.7
Pool 239+14 235+13 23.8+1.6 236+1.7 236+15
7 A 37324 426+ 2.6 36.8+ 29 39.0+26 38.0+31
B 41.1+£26 37.1+£33 | 419+32 | 39.0+£31 38.8+3.1
Pool 39.2+31 398+40 | 393+39 | 39.0+28 384+3.0 ns
14 A 490+ 34 548+3.2 | 493+36 | 51.8+32 49.7+ 3.6
B 534+ 3.0 48.7+ 4.7 543+3.1 522+ 34 477+ 3.2
Pool 51.2+ 3.8 51.8+5.0 51.8+4.1 520+3.2 | 48.7+34* 2.0
21 A 542+34 58531 534+28 55.8+2.9 52.1+5.0
B 579+24 571+ 3.6 582+ 27 56.6 + 2.6 50.2+ 3.6
Pool 56.1+ 34 57.8+34 55.8+ 3.6 56.2+ 2.7 51.1+44* 2.0
hind limb length (mm)
7 A 19+0.2 23+03 21+02 26+03 29+04
B 21+03 2002 2303 2708 28+04
Pool 20+03 22+03 22+03 26+06* 29+04~* 10
14 A 44+10 5609 48+ 0.9 6.0+ 0.8 74+10
B 51+0.8 42+ 0.6 55+12 59+ 09 74+0.8
Pool 48+ 1.0 49+10 52+11 59+08* 74+09* 1.0
21 A 10.3+3.0 13.2+22 11.0+27 140+18 148+1.8
B 123+ 17 10.1+24 13.0+ 27 143+21 144+15
Pool 11.3+ 2.6 11.7+ 2.7 120+28 | 141+19* | 146+16* 1.0
body weight (mg)
21 | A |7000+1311| &L2r | 8800x 1 7082% 000, 1037
B |8135+106.1 8?§48f 8122' ,',Bf 767.1+834| 5252+79.6
Pool | 7612+ 127.4| 9420% | 7521 | 7352+ 1 5565+106.1 20"

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’s Test)
# no concentration response relationship
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Table 31. Summary of results from snout-to-vent length and body weight measurements during the
stage 51 study with T4 in the USab.

Test substance: T4 Lab: US
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+£SD | mean+ SD (ng/L)
snout vent length (mm)
21 A 19.1+17 192+15 189+13 181+19 159+16
B 19.8+ 1.6 196+ 15 189+ 16 175+18 16.8+22
Pool 195+17 194+15 189+14 | 178+18* | 164+19* 1.0
body weight (mg)
21 | A |og3g+1o16| 10062% | 10051 | BIOIE o005, 1467
B | o | enrt | e | v | es22s2r21
Pool 1(?;1&% + 1(2&'())1R1J_r 9192'.)601 %8: ;_F 639.7 f 217.3 10

asterisks denote significant differences from the control group (p< 0.05; Dunnett’s Test)
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Histopathology

43. The detailed reports of the histopathological analyses conducted by the US lab, GER lab and
JPN lab are presented in Annex 2, Annex 3, and Annex 4, respectively. In summary, the light
microscopica appearance of thyroid glands from tadpoles exposed to T4 concentrations of 0.25 and
0.5 pg/L did not differ markedly from the control group. The US lab mainly noted changes in colloid
content and colloid density at the two highest T4 concentrations including collapsed follicles and
reduced or absent colloid in these follicles. In the GER study, an increase in the number of follicles
lined by columnar epithelial cells was observed at 1.0 and 2.0 pug/L T4 and minimal increases in the
degree of peripheral vacuolation of the colloid were noted in tadpoles exposed to the highest
T4 concentration (2.0 ug/L). Quantitative analysis as conducted by the JPN lab revealed no significant
changein follicular lumen area and thyroid gland area.

Gene Expression in Brain/Pituitary

44, Samples of whole brain tissue including the pituitary (brain/pituitary) taken at test
termination of the GER study were analysed for changes in gene expression by means of semi-
guantitative RT-PCR (Figure 4). Results from RT-PCR revealed no significant changes in mRNA
expression of TSH f and TSH B mRNA following T4 treatment. There was, however, a slight trend
towards elevated TSH p mRNA expression at the highest T4 concentration. TR f mRNA expression
was significantly increased at 2.0 pug/L T4. Elevated mRNA expression levels were also observed at
1.0 and 2.0 ug/L T4 for other genesincluding BTEB, b/ZIP, prolactin, and type |11 monodeiodinase.
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Figure 4. Effects of T4 on gene expression in tadpole brain. RNA was isolated from brain/pituitary
tissue samples taken at test termination of the stage51 exposure study with T4 in the GER lab.
Semiquantitative RT-PCR analyses of mMRNA expression of thyrotropin § -subunit (TSH B), thyroid
hormone receptor § (TR B) and basic transcription element binding protein (BTEB) were performed
and results from densitometric analysis of scanned agarose gels are shown. Results were expressed
relative to the control group (ctrl). Columns and bars represent mean values + SEM of triplicate

analyses. Statistically significant differences from the control are marked by asterisks (* p<0.05;
Dunnett’ stest).
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5.3.2.Stage 54 Exposure Studieswith T4 (14 Day Assay)
Developmental Stage

45, Results from developmental stage determination in the different labs during the stage 54
exposure study with T4 are summarized in Table 33. Significant acceleration of developmental stage
was observed in al studies following 7 and 14 days of expoure to T4 concentrations of 2.0 pg/L.
There were no differences between the laboratories. The degree of acceleration was enhanced in the 4
Ho/L treatment used by the US lab. The other labs did not test this concentration.

Hind Limb Length

46. In addition to stage determinations, measurements of hind limb length were used to assess
stimulatory effects of T4 on hind limb morphogenesis in the GER and JPN study (Table 34; Table 36).
In the GER study, significant acceleration of hind limb morphogenesis was observed for 0.25 and
2.0 g/l T4 at exposure day 7 and for 2.0 pg/L T4 at exposure day 14. Effects of T4 on hind limb
growth were more variable in the JPN study. Following 7 days of exposure, a strong stimulating effect
was observed for 2.0 ug/L T4. A dlight increase in mean hind limb length was till detectable at day 14
in this treatment group but the effect was not significant. In contrast, a significant reduction in hind
limb length was detected for 0.25 and 1.0 pg/L T4 at day 14.

Whole Body Length

47. Effects of T4 on tadpole growth were examined in the GER and JPN study by whole body
length measurements (Table 34; Table 36). The highest T4 concentration (2.0 pg/L) reduced WBL in
the GER study (day 14) and the JPN study (day 7 and day 14). In the JPN study, WBL was aso
significantly reduced following treatment with 0.25 and 1.0 pg/L T4 at day 7 and 0.25, 0.5 and 1.0
Mo/l T4 at day 14. The US lab measured SVL at test termination only and observed significantly
reduced SVL at 2.0 and 4.0 pug/L T4 (Table 38).
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Table 34. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with T4 in the GER lab.

Test substance: T4 Lab: GER
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (ng/L)
whole body length (mm)
0 A 38.8+0.9 394+13 38.7+0.7 38.8+0.8 38810
B 38.7+0.9 39.1+11 | 389+09 | 388+10 388+1.1
Pool | 38.8+0.9 39.2+12 | 388+0.8 | 388+0.9 38.8+1.0
7 A 542+22 54.7+26 542+22 534+20 529+17
B 532+ 23 54.1+21 539+ 20 542+ 23 527+ 2.7
Pool 53.7x23 544+23 541+21 53.7x21 528122 ns
14 A 59.8+2.2 59.0+ 3.2 60.1+ 28 586+24 57.3+3.0
B 505+ 2.6 50.6+ 2.0 59.2+ 3.6 50.7+ 3.6 55.7+ 37
Pool 59.6+24 59.3+ 2.6 59.6 + 3.2 59.2+ 3.0 56.5+34* 2.0
hind limb length (mm)
7 A 50+0.8 57+0.7 53+05 55+ 0.6 6.6+ 0.5
B 5.0+ 0.7 53+0.8 51+0.6 54+ 0.7 6.5+ 0.6
Pool 5007 55+0.7* 52+06 55+ 0.6 65+05* 207"
14 | A | 124%25 | 130+26 | 12421 | 131+22 | 146+13
B 119+ 27 13.3+27 11.8+21 132+ 23 152+1.9
Pool 122+ 2.6 13.1+26 121+21 13.1+22 149+ 16* 2.0
body weight (mg)
14 | A | ss82roo2 | 8P9F | 88l2x | 8009+ | pag, 135
B |863.3+143.1 8?15,;33 817 91'703 815a5'n80i 716.3 + 120.9
Pool | 860.7 + 116.6 839{.\611 8175(.)911 8153.1,401 735.1 ;_L 124.9 20

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;
Dunnett’ s Test)
# no concentration response relationship
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Table 36. Summary of results from whole body length, hind limb length and body weight
measurements during the stage 54 study with T4 in the JPN lab.

Test substance: T4 Lab: JPN
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (ng/L)
whole body length (mm)
0 A 37829 37420 37521 37220 372123
B 37.3+26 379+ 30 37219 37.7+£24 374+23
Pool | 375+27 37.6+25 | 37.3+20 | 374+22 37.3+23
7 A 526+ 3.1 476+ 3.0 50.6+ 2.8 427+23 438+ 3.2
B 504+ 34 48.3+ 3.7 491+32 | 47426 484+ 3.1
Pool 515+34 |479+33* | 498+31 |450+£34* | 461+38* 1.07
14 | A | 601+31 | 540+22 | 603+26 | 480+22 | 49.3+28
B | 591+34 | 549+32 | 541+30 | 565+29 | 55131
Pool 50.6+32 |545+27* |57.2+41* |523+£50* | 522+41* 0.25
hind limb length (mm)
7 A 42+1.1 40+£0.7 43+06 39+04 49+ 05
B 42+ 0.8 41+11 42+ 0.6 40+05 51+05
Pool 4.2+ 0.9 41+0.9 42+ 0.6 40+04 50+£05* 20
14 | A | 102+29 | 86+22 | 9917 | 77+12 | 105+16
B 101+ 24 9.2+ 26 8715 91+14 11.2+11
Pool 10.1+ 2.6 8.9+24~* 9.3+17 84+14* 108+ 14 #
body weight (mg)
14 | A |9132+103.6|667.9+ 885 914&'713 4702+ 739 | 517.4+66.5
B |8s00+1522| 104% legnora30| SI3E | 699+ 1160
Pool | 882.0+ 130.7 689.1*1 974 8}256’21 ??::'377@3 603.6 ;_L 126.2 10*

ns no significant effects; asterisks denote significant differences from the control group (p< 0.05;

Dunnett’ s Test)

# no concentration response relationship
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Table 38. Summary of results from snout-to-vent length and body weight measurements during the
stage 54 study with T4 in the US|ab.

Test substance: T4 Lab: US
control 0.25 pg/L 0.5 pg/L 1.0 ug/L 2.0 pg/L LOEC
day [tank | mean+SD | mean+SD | mean+SD | mean+ SD | mean + SD (ng/L)
snout vent length (mm)
14 A 19.4+0.9 195+11 18.8+0.9 191+10 181+11
B 19.1+09 191+11 192+11 19.1+09 181+10
Pool 19.2+09 193+11 19.0+10 19.1+09 181+1.0* 2.0
body weight (mg)
14 | A |a327+16a6| 2B3F | 9l24r 1 922% | gons a9
B |o526+1560| 2008% | 906x | 92 g0, 1504
Pool | 942.7 + 156.6 953:1;‘171 9%;5;; 912;1c.)2ni 813.6:; 134.6 20

56

asterisks denote significant differences from the control group (p< 0.05; Dunnett’s Test)
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Body Weight

48. Effects of T4 on tadpole growth were further examined in all labs by body weight
measurements at test termination (Table 34, Table 36, Table 38). Significant reductions in body
weight were observed at 2.0 ug/L T4 in the GER and US studies. In the US study, a strong and
significant reduction in body weight was also observed after treatment with 4.0 ug/L T4. In the JPN
study, T4 treatment at 0.25, 1.0 and 2.0 pg/L significantly reduced body weight at day 21.

Histopathology

49, The detailed reports of the histopathological analyses conducted by the US lab, GER lab and
JPN lab are presented in Annex 2, Annex 3, and Annex 4, respectively. In summary, the light
microscopical appearance of thyroid glands from tadpoles exposed to T4 concentrations of 0.25 and
0.5 pg/L did not differ markedly from the control group. The US lab mainly noted changes in colloid
content and colloid density at the two highest T4 concentrations including collapsed follicles and
reduced or absent colloid in these follicles. In the GER study, an increase in the number of follicles
lined by columnar epithelial cells was observed at 1.0 and 2.0 pug/L T4 and minimal increases in the
degree of peripheral vacuolation of the colloid were noted in tadpoles exposed to the highest
T4 concentration (2.0 pg/L). Quantitative analysis as conducted by the JPN lab revealed a significant
reduction in follicular lumen area and thyroid gland areaat 1.0 and 2.0 ug/L T4.

Gene Expression in Brain/Pituitary

50. Samples of whole brain tissue including the pituitary (brain/pituitary) taken at test
termination of the GER study were analysed for changes in gene expression by means of semi-
guantitative RT-PCR (Figure 5). Results from RT-PCR revealed no significant changes in mRNA
expresson of TSHB and TSHB mRNA following T4 treatment. TR mRNA expression was
significantly increased at 2.0 ug/L T4. Elevated mRNA expression levels were aso observed at
2.0 ug/L T4 for other genesincluding BTEB, b/ZIP, prolactin, and type 111 monodei odinase.
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Figure 5. Effects of T4 on gene expression in tadpole brain. RNA was isolated from brain/pituitary
tissue samples taken at test termination of the stage 54 exposure study with T4 in the GER lab.
Semiquantitative RT-PCR analyses of mRNA expression of thyrotropin p-subunit (TSHp), thyroid
hormone receptor B (TRp) and basic transcription element binding protein (BTEB) were performed
and results from densitometric analysis of scanned agarose gels are shown. Results were expressed
relative to the control group (ctrl). Columns and bars represent mean values + SEM of triplicate

analyses. Statistically significant differences from the control are marked by asterisks (* p<0.05;
Dunnett’ stest).
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6. DISCUSSION
6.1.  Control Organism Performance

51. A total of 12 exposure experiments with X. laevis tadpoles were conducted during the first
validation phase of the Amphibian Metamorphosis Assay. Despite differences in testing conditions
between the three laboratories, the overal performance of control organisms, as judged from
mortality, developmental and growth rates was remarkably similar. Slightly lower rates of
devel opment were observed in the control group during some of the experiments conducted in the JPN
lab. This lab had to cope with some technical problems of the newly established flow-through
exposure system, which may explain some of the dight differences in control anima performance.
Further potential factors (e.g., reduced food availability) which may be responsible for these
deviations have also been identified and it is expected that further optimization and standardization of
test conditions during the ongoing validation work will minimize inter-laboratory variation in future
studies. Moreover, since the effects caused by a given test chemical are evaluated on arelative basis,
dight differences in performance of control organisms do not represent a major concern for the
robustness of the assay. In particular, the high degree of similarity of developmental and growth rates
between the GER lab (static renewa system) and US lab (flow-through system) indicates that X. laevis
development is relatively insensitive to different exposure conditions if water quality and food supply
are optimized. This fact strongly supports the robustness and practicability of the Xenopus
metamorphosis model with regard to a broad use in different laboratories.

6.2. Effects Pattern of PTU on Metamorphosis and Thyroid System

52. PTU was used as a test substance during Phasel validation work because of its well
investigated anti-thyroidal activity in mammals (Capen, 1996) and X. laevis tadpoles (Goos et al.,
1968). In mammals, PTU inhibits the synthesis of TH in the thyroid gland by inactivating the critically
important enzyme thyroid peroxidase (Cooper et al., 1983) and the same mode of action is expected to
occur in amphibian tadpoles. The test concentrations of PTU used in the present study were selected
based on experience of the participating laboratories in conducting related work with X. laevis. All
labs could clearly identify inhibiting effects of PTU on metamorphic development in X. laevis tadpoles
based on determination of developmental stages of test organisms. Hind limb growth and
differentiation represent the most obvious morphologica modifications that occur during the
developmental phase covered by the exposure protocols used in this study. Morphometric analysis of
hind limb growth as performed in two labs confirmed the inhibition of metamorphic development by
PTU. The observation of anti-metamorphic effects by PTU is consistent with the fact that normal
development of tadpoles is dependent on sufficient supply of TH by the thyroid gland and the
anticipated inhibitory activity of PTU on TH synthesis in the thyroid gland. Moreover, results from
thyroid gland histology and analysis of TSH- B gene expression in the pituitary provided further
confirmation that PTU caused dterations in function of the pituitary-thyroid gland axis.
Histopathological analysis of thyroid gland sections revealed distension of thyroid follicles, diffuse
enlargement of the thyroid gland, depletion of colloid and follicular cell hyperplasia, while expression
of TSH- B mRNA was increased at the highest PTU concentrations in response to the inhibition of TH
production by PTU. These findings strongly suggest that PTU acts as an anti-thyroidal agent in
X. laevis tadpoles.

60



OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay — Sept.2004

6.3. Endpoint Sensitivity in PTU Studies
6.3.1.Developmental Stage

53. Determination of the developmental stage of test organisms was the primary endpoint to
detect effects of PTU on metamorphic development. All laboratories were able to detect significant
retardation of tadpole development at the highest test concentration of PTU (20 mg/L). This was
independent of whether exposure of tadpoles was initiated at stage 51 or at stage 54. Results from the
GER and JPN studies showed that exposure of stage 51 and 54 organisms with 20 mg/L PTU
for 7 days was not sufficient to detect statigtically significant deviations from the control group,
although trends towards developmental retardation were evident. The increased sensitivity of the assay
a later time points can be explained in that development continues in the control organisms and the
degree of developmental stage separation from the treated (i.e., inhibited) organisms continues to
increase during the exposure period. Different observations were made in the three laboratories with
regard to the sensitivity of the two exposure protocols for detection of inhibitory effects on
developmental stage (Table 40; Table 41). No sensitivity differences were observed in the JPN lab
(LOEC: 20 mg/L PTU for both protocols). Results from the GER lab showed a higher sensitivity of
the stage 51 exposure protocol (LOECs: 10 mg/L PTU for stage 51 and 20 mg/L PTU for stage 54)
whereas the US lab observed a higher sensitivity when the stage 54 exposure protocol was used
(LOECs. 20 mg/L PTU for stage 51 and 10 mg/L PTU for stage 54). Thus, based on developmental
stage data, it was not possible to conclude whether a stage 51 exposure for 21 days or a stage 54
exposure for 14 days represents the more sensitive testing approach. Overall, the LOEC values
determined from this endpoint differed by not more than a factor of two between the laboratories and
between different exposure protocols within alab.
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6.3.2.Hind Limb Length

54, Hind limb length was used in the JPN and GER studies as an additiona endpoint to detect
exposure-related alterations in development. Data from both laboratories indicated a sensitivity
difference of this parameter between the two exposure protocols (Table 42; Table 43). In the stage 51
experiments, inhibitory effects of 20 mg/L PTU on hind limb growth were aready detectable at day 7
and persisted until test termination. In the GER stage51 study, 10and 20 mg/L PTU caused a
significant retardation in hind limb growth at day 14 and day 21 whereas stage determination could
only detect significant retardation of development at test termination (day 21). Thus, developmental
delay caused by PTU (10 and 20 mg/L) was more readily detected by hind limb length compared to
stage measurements in the stage 51 exposure studies. In contrast, no significant effects on hind limb
growth were detectable in the GER stage 54 exposure study and significant retardation of hind limb
growth was only detected at day 14 (20 mg/L PTU) in the JPN stage 54 exposure study. Together,
these data indicate that hind limb length measurements in a stage 51 exposure protocol could provide a
valuable and sensitive endpoint to more rapidly detect developmental retardation caused by anti-
thyroidal substances.

6.3.3.Thyroid Histopathology

55. Developmental stage determination and hind limb length measurements represent apical
endpoints that can be used to evaluate exposure-related changes in metamorphic development.
However, both endpoints suffer from a lack of diagnostic value regarding confirmation of thyroid
system-related modes of action. Thyroid gland histopathol ogy was proposed as a core endpoint for the
Amphibian Metamorphosis Assay in order to enhance the assay’'s specificity for thyroid system-
related mechanisms of action. Thyroid histopathology represents a classical approach to identify anti-
thyroidal activities of chemicals (Capen and Martin, 1989), but little was known about changes of
histological endpoints in the thyroid gland of anuran tadpoles in response to anti-thyroidal substances
(Goleman et al., 2002b). This lack of information made it difficult to provide a standardized protocol
to guide histological evaluation of thyroid glands in the different laboratories and different approaches
were used in different laboratories during validation Phasel. The overall aim was to collect
information about the responsiveness of a set of different histological parameters that may bear a
potential to indicate changes in the functiona state of the thyroid gland.
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Table 42. Summary of endpoint sensitivities as detected in stage 51 studies with PTU. LOEC values

(mg/L) as determined by the different endpoint measurements are shown.

lab GER JPN us
day 7 14 21 7 14 21 21
morphology | stage ns ns 10 (-) ns 20 (-)* 20 (-) 20(-)
HL 20 (-)* 10(-) 10 (-) 20 (-) 20(-)* | 20(-)* -
histology
(qualitative) - - 5.0 -- -- 25 5.0
histology cell
(quantitative) | height - - 20(%) - - - -
gland _ _ . . .
area 10(+) 20 (+)
lumen
- - - - - ns -
area
molecular | TSHP - - 20 (+) - - - -
biology TR -- - ns - - - -
BTEB - -- 20 (-) - -- - -
body length | WBL 10 (-)* 10 (-) ns 10 (-) 20 (-)* ns --
SVL - - -- -- -- -- 20 (+)
body weight - - ns - - ns 20 (+)

ns not significant; -- not determined; (-) significant reduction; (+) significant increase;

* transient effects at lower concentrations or no dose response

BTEB basic transcription element binding protein; HL hind limb length; SVL snout-to-vent length;
TR B thyroid hormone receptor B; THS thyrotropin 3 -subunit; WBL whole body length;

56. This information was needed to identify evaluation criteria which provide the basis for a
more structured histopathological assessment scheme to be used in future studies. The consultation of
recognized experts in thyroid histopathology (Environmental Pathology Laboratories, Inc.) by the US
lab helped to develop a catalogue of candidate evaluation criteria to be used in a standard grading
system for consistent evaluation of changes in thyroid gland histology. Further orientation is given by
a recent publication which reports about the successful application of an enhanced grading system to
evaluate changes in rat thyroid glands following treatment with anti-thyroidal substances (Hooth et al.,
2001). This approach has also been applied to the evaluation of X. laevis thyroids following exposure
to sodium perchlorate (Tietge et al., 2004).
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Table 43. Summary of endpoint sensitivities as detected in stage 54 studies with PTU. LOEC values

(mg/L) as determined by the different endpoint measurements are shown.

lab GER JPN us
day 7 14 7 14 14
morphology | stage ns 20 (-) ns 20 (-) 20 (-)
HL ns ns ns 20 (-) -
histology
(qualitative) - 5.0 - 2.5 5.0
histology cell
(quantitative) | height | — | 100 - - -
gland _ B B
area 10 (+) 20 (+)
lumen . . _ 5.0 (+)* _
area
molecular | TSH - 20 (+) - - -
biology TR - ns - - -
BTEB -- ns - -- --
body length | WBL 20 (-)* ns ns ns -
SVL - -- - -- 20 (+)
body weight -- ns -- ns ns
For footnotes see after Table 42
57. Pronounced changes in thyroid gland histology were observed in X. laevis tadpoles exposed

to PTU from either stage 51 or stage 54. While the light microscopical appearance of thyroid glands
from the 2.5 mg/L PTU treatment group did not differ markedly from the control group, exposure-
related changes in the thyroid glands of tadpoles treated with higher PTU concentrations included
distension of thyroid follicles, diffuse enlargement of the thyroid glands, colloid depletion, follicular
cell hypertrophy and hyperplasia. Prevalence and severity of these changes increased in a
concentration-dependent manner in al experiments. At the highest exposure concentration of PTU
(20 mg/L), tadpoles were markedly affected with thyroid follicular cell hypertrophy and hyperplasia
accompanied by diffuse thyroid gland enlargement, irrespective of the stage at which exposure was
initiated. These changes are consistent with previous studies in which X. laevis tadpoles were treated
with relatively high concentrations of PTU (Degitz et al., 2004; Goos et al., 1968; unpublished data
from the GER lab). The foamy appearance of the colloid in thyroid glands that are inhibited in
hormone production by 20 mg/L PTU may reflect the loss of TH as it is being utilized but not
replaced. The observed effect pattern at the high PTU concentration suggests an increased stimulation
of the thyroid glands by TSH (confirmed through gene expression analysis of TSHp), consistent with
the anticipated disruption of negative feedback signalling between the thyroid gland and the pituitary
by PTU. Together, results from the qualitative histological evaluation of thyroid glands were relatively
consistent among the laboratories and provided strong confirmation for anti-thyroidal activity of PTU
in X. laevistadpoles.

58. The JPN and GER laboratories also performed morphometric analyses in order to quantify
changes in selected histological endpoints. By using image analysis techniques, measurements of
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epithelia cell heights, follicular lumen area and thyroid gland area could confirm the presence of
follicular cell hypertrophy, diffuse enlargement of follicles and diffuse thyroid gland enlargement at
high PTU concentrations. However, a high variability in measured values for the selected endpoints
prevented the detection of datigticaly significant differences at low PTU concentrations.
Determination of changes in thyroid follicular epithelia cell heights is a classical approach used in
many mammalian studies to evaluate alterations in the functional state of the thyroid gland (Delverdier
et al., 1991; Herrmann et al., 1989). In the present study, it was found that changes in this particular
parameter provided aless sensitive endpoint compared to follicle size and thyroid gland size.

59. As noted above, a direct inter-laboratory comparison of thyroid histology results is difficult
due to the different evaluation approaches that were used in the three laboratories. The quditative
analyses conducted by the US and GER laboratories were consistent in that both laboratories observed
very little changes at the lowest PTU concentrations (1.25 and 2.5 mg/L PTU). Histopathology reports
from both laboratories noted that the effect patterns caused by PTU were the same for both exposure
protocols whereas prevalence and severity of selected changes were increased at lower PTU
concentrations in the stage 51 exposure studies compared to the stage 54 exposure studies. Assuming
that the detection of some histopathological changes may be enhanced if the changes are more severe
and prevalent, the stage 51 exposure protocol could be considered a dightly more sensitive approach
to detect changes in thyroid histology. However, no conclusion can be drawn as to whether the
increased severity of histopathological changes is due to the earlier stage at which exposure was
initiated in the stage 51 studies or due to the longer exposure period.

60. In summary, thyroid histology greatly enhanced the diagnostic value of the assay for
detection of thyroid system-related modes of action. Qualitative analysis of histopathologica changes
provided a more sensitive approach to detect exposure-related aterations than quantification of
changes by image analysis. For future studies, development of a more standardized and structured
assessment scheme is necessary to ensure sensitivity and consistency of histopathologica evaluations
among different laboratories. In addition, quantitative techniques should be further optimized. In
particular, the endpoint selection for quantitative measurements requires refinement in order to
accommodate the effects pattern observed in the present study.

6.3.4.Gene Expression Analysis

61. Analysis of gene expression profiles is currently considered as an optional endpoint for the
Amphibian Metamorphosis Assay. A potential advantage of gene expression analysis is that it may
provide mechanistic information about modes of action of a test compound in X. laevis tadpoles.
Selection of appropriate target tissues and marker genes is essential to a successful application of
molecular techniques. During validation Phase |, gene expression analysis was only conducted by the
GER lab with the general aim to identify and evaluate potential marker genes in brain/pituitary of
tadpoles. Results from semi-quantitative RT-PCR experiments provided further confirmation for the
anticipated mode of PTU action. The increased expression of TSH § mRNA detected in tadpoles
exposed to the highest PTU concentration (20 mg/L) suggests disruption of negative feedback between
the thyroid gland and the pituitary by PTU. This effect was consistent with histological findingsin that
marked hypertrophic changes in the epithelial cell layer were dso observed at 20 mg/L PTU.
Expression of several TH-responsive genes (e.g. TR 3, BTEB) was repressed in brain/pituitary of
tadpoles showing retarded development due to PTU exposure. Brain/pituitary tissue samples were
collected during all four studies performed in the GER lab. However, gene expression analysis has not
yet been completed and so far only a limited number of samples (approximately 50% of the samples
taken at test termination of the 4 exposure experiments) have been analyzed. Low sample numbers
prevented in many cases the detection of statistically significant effects. Therefore, results from
molecular biological analyses could not contribute data for the sensitivity comparison of the two
exposure protocols. The preliminary data indicate, however, that gene expression analysis offers the
potential to provide mechanistic information (e.g., increased TSH B expression following PTU
treatment) and a further enhancement of molecular analyses by using rea-time quantitative PCR is
proposed for future studies.

66



OECD Draft Report of Phase 1 of the Validation of the Amphibian Metamorphosis Assay — Sept.2004

6.3.5.Body L ength and Body Weight

62. The didtinction between thyroid system-related and unrelated mechanisms altering
metamorphic development is an important problem that needs to be thoroughly investigated in order to
ensure the specificity of any metamorphosis assay for thyroid system-related effects. The use of
thyroid system-related endpoints such as thyroid gland histology represents one approach taken during
test protocol development. In addition, this issue was further addressed by assessing the utility of
growth parameters (body length and body weight) to serve as indicators of non-specific mechanisms
affecting tadpole devel opment.

63. Measurements of whole body length (from the tip of the snout to the tip of the tail) at early
time points during the exposure phase indicated the presence of weak growth-retarding effects at
higher PTU concentrations. The observation of a weak inhibition of tadpole growth due to PTU
treatment in the present experiments is consistent with results from previous exposure studies using
PTU concentrations from 50 to 100 mg/L (Opitz et al., in press). Results from experiments with other
anti-thyroidal compounds (e.g. ethylenethiourea, amitrole, perchlorate) suggest that even complete
blockage of TH synthesis and thus, complete inhibition of metamorphosis, does not necessarily inhibit
growth of tadpoles (Kloas et al., 2003; Goleman et al., 2002a; Opitz et al., in press). Because PTU has
been shown to produce bhiological effects through various extrathyroidal modes of action
(Bandyopadhyay et al., 2002), the reduced growth rates as observed in this study may be the result of
PTU mechanisms that are not related to the thyroid system. However, further studies are necessary to
investigate the relationship between tadpole growth and disrupted functions of the thyroid system in
X. laevis.

Effects Pattern of T4 on Metamorphosis and Thyroid System

64. T4 was used as a reference substance with agonist properties during Phase | validation work.
T4 is the native prohormone synthetized by the thyroid gland of all vertebrates. Acceleration of
amphibian metamorphosis by T4 is a well-documented phenomenon. Previous studies conducted by
the three participating laboratories showed that low T4 concentrations stimulate metamorphosis
without disrupting the normal sequence of morphological changes or causing overt toxicity. During
the present study, all laboratories could clearly identify accelerating effects of T4 on metamorphic
development in X. laevis tadpoles based on determination of developmenta stages of test organisms.
Hind limb growth and differentiation are the first visible changes in morphology that occur under the
influence of the till very low endogenous concentrations of TH during early prometamorphosis.
Morphometric analyses of hind limb growth as performed by two labs confirmed the stimulating effect
of T4 on metamorphic development. The observation of accel erated development due to T4 treatment
is consistent with the fact that rate of metamorphic development is dependent on circulating TH
concentrations. Histopathological analysis of thyroid gland sections revealed less marked changes
compared to the PTU studies. Exposure-related changes in the thyroid gland included reduced
follicular lumen area, collapsed follicles and reduced or absent colloid in these follicles. Furthermore,
an increased prevalence of follicles lined by columnar epithelial cell (hypertrophic cells) was observed
at the two highest concentrations (1.0 and 2.0 ug/L T4).
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6.4. Comparison of Endpoint Sensitivitiesin T4 Studies
6.4.1.Developmental Stage

65. Determination of the developmental stage of test organisms was the primary endpoint to
detect effects of T4 on metamorphic development. All laboratories were able to detect significant
acceleration of tadpole development at the highest test concentration of T4 (2.0 pug/L). This was
independent of whether exposure of tadpoles was initiated at stage 51 or at stage 54. Results from the
GER and JPN studies showed that exposure of stage 51 and 54 organisms with 2.0 ug/L T4 for 7 days
was sufficient to detect statistically significant deviations from the control group. The rapid detection
of stimulating effects of T4 on development can be explained in that endogenous TH concentrations
are very low during premetamorphosis and early prometamorphosis (Leloup and Buscaglia, 1977).
Thus, exogenous addition of even low concentrations of T4 may produce a biologically relevant
increase in circulating T4 levels during this early developmental phase. In this respect, it should be
noted that a previously proposed amphibian testing protocol (tail-resorption-assay) using tadpoles at
later developmental stages (stage 60) was limited in its ability to detect stimulating effects at even
higher T4 concentrations (US lab unpublished data). The faillure of TH treatment to enhance
development relative to the untreated controls in the tail resorption assay was most likely due to the
high endogenous level of TH already present in tadpoles at late stages and thus, additional exogenous
TH could not significantly affect the system. Both testing protocols employed in the current validation
study clearly displayed an increased sensitivity to detect agonistic activities compared to the tail

resorption assay.

66. Different observations were made in the three laboratories with regard to the sensitivity of
the two exposure protocols for detection of stimulatory effects of T4 on development (Table 44; Table
45). No sensitivity differences were observed in the US lab (LOEC: 2.0 ug/L T4 for both protocols).
Results from the GER and JPN labs showed a higher sensitivity of the stage 51 exposure protocol
(LOECs: 1.0 ug/L T4 for stage 51 and 2.0 pug/L T4 for stage 54). Thus, based on developmental stage
data from at least two labs, it appeared that a stage 51 exposure for 21 days represents the more
sengitive testing approach than a stage 54 exposure for 14 days. Overall, the LOEC values determined
from stage data differed by not more than a factor of two between the laboratories and between
different exposure protocols within alab.
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6.4.2.Hind Limb Length

67. Hind limb length was used in the JPN and GER studies as an additional endpoint to detect
exposure-related alterations in development. Data from both laboratories indicated a sensitivity
difference of this endpoint between the two exposure protocols (Table 46; Table 47). In the stage 51
experiments, hind limb length measurements at day 7 provided the most sensitive endpoint to detect
the stimulatory effects of T4 (LOEC: 0.5 ug/L T4 in the GER lab and 1.0 pg/L in the JPN lab). In the
stage 54 experiments, hind limb length measurements were as sensitive as developmental stage
determinations. During spontaneous metamorphosis, the hind limbs are the first tissues that undergo
obvious morphological changes (growth and differentiation) under the influence of relatively low
endogenous TH concentrations. It should be noted that the sensitivity of hind limb length
measurements to detect T4 effects was diminished at later time points in the GER stage 51 exposure
study. Together, these data indicate that hind limb length measurements at day 7 in a stage 51
exposure protocol could provide a very sensitive endpoint to detect agonist activities. One factor that
may contribute the different sensitivities of the endpoints hind limb length and developmental stage
may be that parametric statistical methods were used for analysis of hind limb length data whereas
non-parametric approaches were used for evaluation of developmental stage data. Future studies
should further address a comparative evaluation of the sensitivities of these two apical endpoints.

6.4.3.Thyroid Histopathology

68. Results from histopathological analyses of thyroid glands of T4-treated tadpoles were less
consistent between the laboratories and are more difficult to interpret compared to the effect pattern
seen in the PTU studies. The US lab mainly noted changes in colloid content and colloid density. At
the two highest T4 concentrations, prevalent changes included collapsed follicles and reduced or
absent colloid in these follicles. Similar effects on follicular colloid content were only rarely observed
at the highest T4 concentration (2.0 ug/L) in the GER lab. Quantitative analysis as conducted by the
JPN lab reveaded a significant reduction in follicular lumen area and thyroid gland area at the two
highest T4 concentrations (1.0 and 2.0 ug/L T4) in the stage 54 experiment but not in the stage 51
experiment. The most obvious change determined in the GER experiments was an increase in the
number of follicleslined by columnar epithelial cells at the two higher T4 concentrations.
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Table 46. Summary of endpoint sensitivities as detected in stage 51 studies with T4

lab GER JPN us
day 7 14 21 7 14 21 14
morphology | stage | 20(+) | 20(+) | 1.0(+) | LO(+) | 1.0(+) | 1.0(+) | 2.0(+)
HL 05(+) | 1.0(+) | 20(+) [ 10(+) | 1.0(+) | 1.0(%) -
histology
(qualitative) - - 2.0 - - ns 1.0
histology cell
(quantitative) | height | = - 200 - - - -
gland B B 3 B __ s .
area
lumen
- - - - - ns -
area
molecular TSH B -- -- ns - - - -
biology TRB -- - 2.0 () -- -- -- -
BTEB - -- 1.0 (+) -- - - -
body length | WBL ns ns 20(-) ns 20(-) | 20() --
SVL - -- -- - -- -- 1.0(-)
body weight - -- 1.0(-) - -- 20(-) | 1.0()

ns not significant; -- not determined; (-) significant reduction; (+) significant increase;

* transient effects at |lower concentrations or no dose response

BTEB basic transcription element binding protein; HL hind limb length; SVL snout-to-vent length;
TR B thyroid hormone receptor 3; THS B thyrotropin  -subunit; WBL whole body length;
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Table 47. Summary of endpoint sensitivities as detected in stage 54 studies with T4

lab GER JPN us
day 7 14 7 14 14
morphology | stage | 2.0(+) | 2.0(+) 20(+) | 20(+) 20(+)
HL 20(H)* | 20(+) 20(+) * --
histology
(qualitative) - 20 - 1.0 1.0
histology cell
(quantitative) | height | | 200 - - -
gland B B B : B
rea 1.0(-)
lumen
area B B B LS B
molecular | TSH B -- ns -- - --
biology TRB - 2.0(+) -- -- -
BTEB - 2.0 (+) - - --
body length | WBL ns 20(-) 10(-)* | 0.25(-) --
SVL - - - - 2.0(-)
body weight - 2.0(-) - 1.0(-) 2.0(-)
For footnotes see after Table 46
69. Depletion of colloid stores and increases in epithelial cell height are known to occur at

climax stages during normal development (Regard, 1978) when TSH synthesis and release by the
pituitary (Buckbinder and Brown, 1993; Manzon and Denver, 2004) and T4 synthesis and secretion by
the thyroid gland (Leloup and Buscaglia, 1977; Regard, 1978) reach maximum levels. Early studies by
Saxen et al. (1957) reported marked colloid depletion and also collapse of fallicles in X. laevis
tadpoles at climax stages. Similarly, results from an unpublished study by the GER lab showed that the
degree of coalloid resorption and the thickness of the epithelial cdl layer were maximal at stages 60 to
62 in X. laevis tadpoles during spontaneous metamorphosis. Therefore, the challenge in interpreting
the histological findings of the present study is to distinguish whether the selected changes occurred in
response to T4-induced alterations of the functional state of the hypothalamus-pituitary-thyroid gland
axis or merely reflect the advanced stage of the tadpoles in the corresponding T4 treatment groups.

6.4.4.Gene Expression Analysis

70. Analysis of mMRNA expression was performed with tissue samples taken at test termination
of the T4 studies. Results from semi-quantitative RT-PCR experiments did not indicate differencesin
pituitary expression of TSH B mRNA between control and T4-treated tadpoles. TSH  mRNA
expression was dightly elevated at the highest T4 concentration. Thus, by means of semi-quantitative
RT-PCR analysis, there was no indication for negative feedback effects of the tested T4 concentrations
on TSH B mRNA expression. However, tadpoles were randomly selected at test termination for tissue
dissection and subsequent RNA extraction and were therefore not necessarily at the same
developmental stage. Because TSH B mRNA, like many other genes, shows a developmental
expression profile with peak expression at climax stages, the dlightly elevated expression level
observed at 2.0 ug/L T4 may reflect the advanced stage of the tadpoles in the corresponding T4
treatment group. Further, the absence of a down-regulation of pituitary TSH B mRNA expression by
T4 (when analyzed at test termination) does not preclude the possibility that negative feedback by T4
may occur at earlier exposure time points.
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71. Expression of severa TH-responsive genes in brain (eg. TR B, BTEB) was elevated in
tadpol es showing accelerated development due to T4 exposure. However, the observed differencesin
TR B and BTEB mRNA expression between control and T4-exposed tadpoles correlate closely with
the stage-dependent changes in expression that occur during spontaneous devel opment.

6.4.5.Body L ength and Body Weight

72. Measurements of whole body length (from the tip of the snout to the tip of the tail) at early
time points during T4 exposure did not indicate effects of T4 on initial tadpole growth (Table 46;
Table 47). At termination, however, reduced mean values of whole body Iength, snout-to-vent length
and body weight were consistently determined at higher T4 concentrations in the GER and US labs. In
the JPN studies with T4, heterogeneous effects on tadpole growth were observed for the different T4
concentrations. Overall, the results indicate that the tested T4 concentrations did not affect initial
tadpole growth but that accelerated development occurring at high T4 concentrations (which was
accompanied by resorption of gill and tail tissue) led to decreased mean values of whole body length,
snout-to-vent length and body weight at test termination. Similar to the PTU studies, evaluation of
growth-related endpoints at early time points during the exposure period may provide relevant
information to identify possible toxic effects.

6.5. Critical Review of Resultsfrom Validation Phase 1 and Proposal for Phase 2 Validation
Activities

73. The data presented in this report have been initially reviewed and discussed by
representatives from all three participating laboratories at a status meeting held in Hiroshima, Japan, in
March 2004 (see Annex 6). As an outcome of this meeting, a draft report presenting a compilation and
initial discussion of Phase 1 study results as well as a protocol proposal for validation Phase 2 were
prepared and submitted to OECD. These documents provided the basis for further discussion of
Phase 1 study results at the second OECD meeting of the ad hoc Expert Group on Amphibian Testing
in Paris, France, in June 2004 (OECD 2004). In this section, the main outcome of the two meetingsis
summarized in order to provide the rationae for the test protocol proposal that will be developed for
validation Phase 2.

74. The analysis of control data from the studies performed during Phase 1 showed that
mortality, development and growth of X. laevis tadpoles was very similar across the three participating
laboratories despite differences in several aspects of test conditions and test performance. Further, al
labs could clearly detect inhibitory effects of the anti-thyroidal model compound PTU and stimulatory
effects of the agonist model compound T4 on metamorphic development. Analysis of histological and
molecular biological endpoints provided diagnostic power for thyroid system-related mechanisms of
action. Together, these results suggest that X. laevis represents a suitable test organism and strongly
confirm the practicability, robustness, and specificity of the Amphibian Metamorphosis Assay for
detection of thyroid system-disrupting activities.

75. For further standardization and optimization of the assay in validation Phase 2, the following
changesin general testing conditions were agreed upon:
» only flow-through systems should be used for exposure experiments,
* Sera micron, a widely available commercial tadpole and fish fry food, should be used as a
standard food type.

76. These protocol modifications are expected to further minimize the dlight variations in control
organism performance.

77. A major aim of validation Phase 1 work was to compare two previoudy proposed exposure
protocols with regard to their utility and sensitivity to detect the agonistic and antagonistic effects of
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T4 and PTU on TH-dependent metamorphic development. The two protocols differed in the
developmental stage at which exposure of tadpoles was initiated and in their duration. In one protocaol,
premetamorphic stage 51 tadpoles were exposed for 21 days to the test compounds whereas in the
aternative protocol, exposure was initiated at stage 54 and lasted for only 14 days. The selection of
stages at test initiation and the corresponding exposure periods was based on previous experience of
the participating laboratories in order to allow control tadpoles to develop throughout
prometamorphosis to stages 58/59 during the exposure period of either test protocol.

78. Results from validation Phase 1 confirmed the ability of both exposure protocols to detect
the effects of T4 and PTU on metamorphosis and thyroid system function. The advantage of the
stage 54 test protocol was the shorter test duration (14 days). However, the stage 51 test protocol
(21 days) showed a higher sensitivity for detection of the agonistic activities of T4 while the
sensitivity to detect the anti-thyroidal activity of PTU was similar for both test protocols.

79. The most sensitive endpoint to detect anti-thyroidal effects of PTU was thyroid histology.
Histopathological effect patterns of PTU were the same in both test protocols, though the prevalence
and severity of histopathological changes was increased in the stage 51 protocol. However, it is not
known whether the latter finding was due to the early stage at exposure initiation or the longer test
duration used in the stage 51 protocol. Another observation favouring the stage 51 protocol was that
morphological effects, in particular adelay in hind limb growth (observed at day 7), were more rapidly
detectable in the stage 51 protocol.

80. The most sensitive endpoint to detect agonistic effects of T4 was hind limb length when
measured at early time points (day 7) during the exposure phase of the stage 51 protocol. From an
endocrinological perspective, the observation of accelerating effects on metamorphic development,
particularly if they occur during late premetamorphic and early prometamorphic development, may be
considered a diagnostic finding for TH agonist activity by itself. This interpretation is based on results
from a large number of studies showing that only THs are able to induce precocious development in
premetamorphic tadpoles (Kikuyama et al., 1993; Shi, 1999). During later development, other
endocrine factors such as corticosteroid hormones may modulate (e.g., enhance) the action of
endogenous TH causing accelerated development. Therefore, consideration of premetamorphic
stage 51 tadpoles for initiation of exposure may also increase the diagnostic value of the assay in cases
where acceleration effects on development are observed.

81. Although several observations from Phase 1l and general endocrinological considerations
may support a stage51 test protocol lasting for 21 days, the longer test duration represents a
disadvantage, given that the assay is currently envisaged as a screening assay. Therefore, possible
modifications of the test protocol to combine the sensitivity advantage of the stage 51 test protocol
with the need for a shortened exposure period were discussed. Unpublished data from X. laevis
exposure studies with anti-thyroidal compounds in the US lab show that there was no sensitivity
difference between two 14 day exposure protocols in which exposure was initiated with stage 51 and
stage 54 tadpoles. These data suggest that a 14 day test protocol using stage 51 X. laevis tadpoles may
provide a means to retain the sensitivity of the assay for detection of antagonistic and agonistic effects
while reducing the exposure duration to 14 days.

82. Results from validation Phase 1 experiments showed that stage 51 control tadpoles develop
within 14 days to prometamorphic stage 56. Accordingly, a 14 day test initiated with stage 51 tadpoles
will be terminated at an earlier stage compared to the tests performed during Phase 1 studies. In order
to reliably assess the sensitivity of the shortened 14 days-stage 51 test protocol with the original
21 days-stage 51 test protocol, the following test protocol modifications were agreed upon for
validation Phase 2 studies.

83. Exposure will be initiated with stage 51 tadpolesin order to ensure the high sensitivity of the
assay for detection of agonistic effects. Based on results from the first validation phase, determination
of hind limb length and whole body length at exposure day 7 are mandatory endpoints because day 7
was the most sensitive time point to identify accelerating effects on metamorphosis and possible
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growth-retarding effects of the test substances.

84. At exposure day 14, developmental stage, hind limb length and whole body length are
determined because day 14 would be an alternative time point of test termination. In addition,
10 tadpoles are randomly selected at day 14 within each treatment group (5 tadpoles per replicate tank)
for a subsampling to collect tissue for thyroid gland histopathology. For al specimens in this
subsample of test organism, body weight is determined.

85. The test is terminated after 21 days. At test termination, developmental stage, hind limb
length, whole body length and body weight are determined for al remaining tadpoles. 10 tadpoles per
treatment group are used for thyroid histopathology at day 21. The data collected from this exercise
using the modified testing protocol will contribute to a decision after validation Phase 2 whether the
14 day or 21 day protocol offer any advantages.

86. Another rationale for the complex sampling scheme proposed for validation Phase 2 is to
address for the first time the utility and sensitivity of the metamorphosis assay to detect effects of a
well-known monodeiodinase inhibitor, iopanoic acid (I0OP). The inclusion of IOP as a test compound
during validation Phase?2 is based on the following consideration. From an endocrinological
perspective, the main effect of T4 and PTU was to increase (T4) or decrease (PTU) the amount of
circulating TH in the test organisms, conditions which can be described as general hyperthyroidism
and hypothyroidism. Results from validation Phase 1 work showed that the net result was an
acceleration or retardation of metamorphic development, which still proceeded in a coordinated
manner. |0P inhibits all monodeiodinases thereby enhancing TH action in tissues which are normally
protected from TH by expression of type 111 monodeiodinase (e.g., tail) while blocking TH action in
tissues which require efficient conversion of T4 to T3 (e.g., hind limbs). The conditions caused by |OP
can be described a combination of local hyperthyroidism and local hypothyroidism. Results from
preliminary studies performed in the US and GER lab indicate that 10P disrupts the normal sequence
of morphological changes in developing tadpoles. It was considered important to thoroughly analyze
the expected alternative effect patterns caused by 10P on metamorphic development and thyroid
system function during the next validation phase to include this information in the subsequent decision
process for afina test protocol.

87. Hind limb length and thyroid histopathology were the most sensitive endpoints to detect the
agonist activity of T4 and the anti-thyroida activity of PTU, respectively. Therefore, standardization
of these endpoint measurements was considered important to enhance sensitivity and reproducibility
of the assay. For hind limb length determination, a digital length measuring system was proposed for
use in validation Phase2 based on successful application of this system in the JPN lab during
validation Phase 1. While different approaches were used for histopathological analysis of thyroid
gland sections during Phase 1, the information gathered provided the basis for the development of a
more structured and standardized histopathological assessment scheme to be used in Phase 2. Recent
publications describing the methodology of an enhanced grading system to sensitively diagnose
histological changes in rat thyroid glands following treatment with anti-thyroidal substances (Hooth
et al., 2001) and in X. laevis larvae exposed to sodium perchlorate (Tietge et al., 2004) will be used as
the basis for an assessment scheme for these studies.

88. The test substances proposed for use in validation Phase 2 include T4, IOP and sodium
perchlorate (PER). T4 should be used as a reference compound for agonist activity on the thyroid
system and was aready assessed for effects on metamorphosis and thyroid system function during
Phase 1. PER should be used as a reference compound for anti-thyroidal activity on the thyroid
system. Similar to PTU, PER inhibits the synthesis of TH in the thyroid gland. However, the actual
mode of PER action is different to PTU. PER is a well-known inhibitor of iodine uptake and has been
shown to retard metamorphosisin X. laevis tadpoles (Goleman et al., 2002a, 2002b; Tietge et al, 2004,
unpublished data from the GER lab). The proposal to use PER instead of PTU in Phase 2 is based on
unpublished observations from the US lab indicating that the histopathological effects pattern of PER
differs from PTU and hence, validation Phase 2 should be used to investigate the possible diagnostic
value of thyroid gland histopathology to differentiate between different inhibitory modes of action on
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TH synthesis. The rationale for including IOP as a test substance during Phase 2 has aready been
outlined in this section. IOP can be regarded as a reference compound for modulation of TH action in
peripheral tissues and thus, it is expected that effects pattern caused by 10P may be more complex
than those observed following T4 and PTU treatment during Phase 1. The specific value of using IOP
as a test substance during Phase 2 is to assess the utility and sensitivity of the so far established
endpoints of the assay for detection of the more complex effects that may be caused by compounds
which target peripheral TH action.
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Table 2. Comparison of histological methods used by German, US, and Japan laboratories to analyze

exposure-related effects of PTU and T4 on thyroid gland.

Germany us Japan
Oraanism samolin 10 per treatment 10 per treatment 6 per treatment
9 Ping 5 per replicate 5 per replicate 3 per replicate
Tissue sampling Lower jaw Transverse section of Whole body

head caudd to eyes

Fixation Bouin’sfor 12-24 h Bouin'sfor 48h Bouin'sfor 12-24 h
Storaoe until Neutral buffered
rocn at 4°C in 70% EtOH formalin (4% at 4°C in 70% EtOH
processing formal dehyde)
Dehydration Graded alcohol series Graded alcohol series | Graded alcohol series
Embedment Paraffin Paraffin Paraffin
: 5 um sections
I Sum sections 2 serid sectionsat 5 | 8 um serid sections
Sectioning 1 of 3 sections used .
(at least 5 sections) steps 30 pm apart 11 sections used
Total 10 sections
Staining HarrissH&E H&E HarrissH& E
Tissues analyzed Right lobe only Right and left lobe Left lobe only
Parameter Germany us Japan

Qualitative analysis

Histologica
endpoints

Overall size of thyroid

Overall size of

Overall size of thyroid

gland thyroid gland gland
Folliclesize Folliclesize Follicular lumen area
Follicle shape Follicle shape

Colloid content

Colloid content

Colloid density

Coalloid density

Follicular cell shape

Follicular cell shape

Follicular cell height

Follicular cdll height

Epithelia structure

Epithelial structure

Follicular cell
hyperplasia
Quantitative analysis
: : Overall size of thyroid
Histological Follicular cell height e gland
endpoints Stereological analysis of

glandular components

Cross section area

Follicular lumen area
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Annex 2:

Annex 3:

Annex 4:

Annex 5:

Annex 6:

Thyroid Histology Report (US)
See separate document: Histology Report US.pdf

Thyroid Histology Report (Germany)
See separate document: Histology Report Germany.pdf

Thyroid Histology Report (Japan)
See separate document: Histology Report Japan.pdf

SOP Phase 1

M eeting Report Hiroshima
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Appendix 3: Thyroid Histology Report (Germany)

Methods

Lower jaw tissue including the thyroid gland was taken from 10 randomly selected
tadpoles per treatment group at test termination of each of the IGB studies. The
methods used for histological analysis are described in detail in the corresponding
SOP. Slides were prepared at the Department of Zoology at the University of
Heidelberg (Germany). Tissues were sectioned (5 um thick) in a transverse plane
from dorsal to ventral and stained with hematoxylin and eosin. For each tadpole,
5 sections of the middle part of the right thyroid lobe were analyzed for exposure-

related changes in the following qualitative parameters:

¢ Opverall size of the thyroid gland (reduction, increase)

e Follicle size (reduction, increase)

e Follicle shape (regular, irregular, uniform)

e Colloid content (increase or reduction in colloid area; absence of colloid)

e Colloid density (homogeneous or heterogeneous tinctoral quality; pale,
lacy, or granular colloid; peripheral vacuolation of colloid)

e Follicular cell shape (cuboidal, columnar, tall)

e Follicular cell height (increase, reduction)

e Structure of the epithelium (single cell layer or stratification resulting in

multiple layers, papillary infoldings of the epithelial cell layer into the lumen)

In addition to a qualitative description, attempts were made to quantify selected
changes in thyroid gland morphology by means of image analyzing techniques.
The right lobe of 10 tadpoles per treatment group was analyzed regarding
epithelial cell height and total cross section area. Epithelial cell height was
measured for 3 randomly selected follicles per section. The height of 4 follicular
cells per follicle was measured and a total of 5 different sections of the right lobe
were analyzed for each animal (n=60 measurements per lobe). The maximum
cross section area of the right lobe was determined by analyzing the total cross

sectioon area for at least 5 sections of the middle part of the right lobe.



Effects of PTU Exposure on Thyroid Histology

In the stage 51 and the stage 54 exposure studies with PTU, the light histological
appearance of thyroid glands from the 2.5 mg/L PTU treatment group did not
differ from the control group (Figure 1). A single layer of cuboidal follicular
epithelial cells was present in glands from these treatment groups. The colloid
showed a homogeneous tinctoral quality and peripheral vacuolation of the colloid
was minimal.

At PTU concentrations of 5, 10 and 20 mg/L, concentration-dependent increases
in thyroid gland size, follicle size and the degree of colloid resorption were
observed in both exposure studies with PTU. The prominent changes seen in the
5 mg/L PTU group included a minimal increase in follicle size and a resulting
diffuse enlargement of the thyroid gland (Figures 2A, 5A). The prevalence of
these changes was greater in tadpoles from the stage 51 exposure study
compared to the stage 54 study. At 5 mg/L PTU, the follicular epithelium still
consisted of a single layer of cuboidal follicular cells and as judged from the
homogeneous tinctoral quality of the colloid, no changes were detectable for the
density of the colloid. The selected changes observed in the 5 mg/L PTU group
were also seen in tadpoles from the 10 mg/L PTU treatment group but increased
in prevalence and severity (Figures 2B, 5B). In addition, the marked peripheral
vacuolation of the colloid as observed in some glands of the 10 mg/L PTU group
indicated a partial depletion of colloid content. Furthermore, a number of follicles
in the glands from the 10 mg/L PTU group showed a change in shape of epithelial
cells from cuboidal to columnar. The thyroid glands of tadpoles from the 20 mg/L
PTU group were characterized by marked increases in follicle size and a
pronounced enlargement of the gland (Figures 3, 6). A high prevalence of
follicular cell hypertrophy and hyperplasia was observed together with markedly
enhanced colloid depletion. Further, collapsed follicles devoid of colloid were

noted in few glands from this treatment group.

Comparing the results from the qualitative analyses of thyroid gland histology

between the two exposure studies, it was found that particularly at the lower PTU



concentrations (5 and 10 mg/L), prevalence and severity of the aforementioned
changes in thyroid gland histology were higher in tadpoles exposed from stage 51

for 21 days than in tadpoles exposed from stage 54 for 14 days.

Results from the quantificative measurements of epithelial cell heights are shown
in Figure 7. In the stage 51 exposure study, increases in epithelial cell height
were observed at the two highest PTU concentration (10 and 20 mg/L), but only
the effect at 20 mg/L PTU was statistically significant. In the stage 54 exposure
study, the epithelial cell height was significantly increased at 10 and 20 mg/L
PTU. Thus, the results of these quantitative measurements confirm the qualitative
description of the thyroid glands regarding the presence of follicular cell

hypertrophy in tadpoles exposed to 10 and 20 mg/L PTU.

The maximum cross section area of the right thyroid lobe was determined in order
to quantify the apparent enlargement of the thyroid glands in PTU-exposed
tadpoles. In the stage 51 exposure study, enlargement of the thyroid glands
following exposure to 5, 10 and 20 mg/L PTU could be confirmed by detection of
increases in the maximum cross section area of the right lobe (Figure 8). This
effect was statistically significant at PTU concentrations of 10 and 20 mg/L. The
mean values of the maximum cross section area were approximately 2 and 3.5
times greater at these PTU concentrations than in untreated control. Statistically
significant increases in the maximum cross section area of the right thyroid lobe
were also observed in tadpoles exposed to 10 and 20 mg/L PTU during the
stage 54 exposure study (Figure 8). In this study, the effect was less pronounced
as evident from 1.7- and 2.3-fold increases in mean values of the maximum cross

section area.



(A) control

(B) 2.5 mg/L PTU

Figure 1. Light micrographs (10 x magnification) of histological sections of thyroid
glands from X. laevis tadpoles after 21 days of exposure to PTU during the
stage 51 exposure study. See text for details.



(A) 5.0 mg/L PTU

(B) 10 mg/L PTU

Figure 2. Light micrographs (10 x magnification) of histological sections of thyroid
glands from X. laevis tadpoles after 21 days of exposure to PTU during the
stage 51 exposure study. See text for details.



20 mg/L PTU

Figure 3. Light micrograph (10 x magnification) of a histological section of thyroid
gland from X. laevis tadpole after 21 days of exposure to PTU during the stage 51
exposure study. See text for details.



(A) control

(B) 2.5 mg/L PTU

Figure 4. Light micrographs (10 x magnification) of histological sections of thyroid
glands from X. laevis tadpoles after 14 days of exposure to PTU during the
stage 54 exposure study. See text for details.



(A) 5.0 mg/L PTU

(B) 10 mg/L PTU

Figure 5. Light micrographs (10 x magnification) of histological sections of thyroid
glands from X. laevis tadpoles after 14 days of exposure to PTU during the
stage 54 exposure study. See text for details.



10 mg/L PTU

Figure 6. Light micrograph (10 x magnification) of a histological section of thyroid
gland from X. laevis tadpole after 14 days of exposure to PTU during the stage 54
exposure study. See text for details.



day 21 (stage 51 study) day 14 (stage 54 study)

18 1 18 - I
16 - 16 -

14 1 T 14 1
12 4

—

—
'—

—

epithelial cell heigh (um)
s
—
—
—
'—
epithelial cell heigh (um)
-
H

oON O

oON B~ O OO
PR T S S

ctrl 25 50 10 20 ctrl 25 50 10 20
PTU (mglL) PTU (mg/L)

Figure 7. Effects of PTU exposure on epithelial cell height in thyroid glands of
X. laevis tadpoles. Columns and bars represent mean values + SD of 10 animals
per treatment group. Significant differences from the control group (ctrl) are
marked by asterisks (* p<0.05; Dunnett’s test)
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Figure 8. Effects of PTU exposure on maximum cross section area of thyroid
glands of X. laevis tadpoles. Columns and bars represent mean values £ SD of
10 animals per treatment group. Significant differences from the control group
(ctrl) are marked by asterisks (* p<0.05; Dunnett’s test)



Effects of T4 Exposure on Thyroid Histology

In the stage 51 and stage 54 exposure studies with T4, the light histological
appearance of thyroid glands from tadpoles exposed to T4 concentrations of 0.25,
0.5 and 1.0 pg/L did not differ from the control group (Figures 9A, 9B, 10A and
10B). A single layer of cuboidal follicular epithelial cells was present in glands
from these treatment groups. The colloid showed a homogeneous tinctoral quality
and peripheral vacuolation of the colloid was minimal. In tadpoles exposed to the
highest T4 concentration (2.0 ug/L), a slight increase in the degree of peripheral
vacuolation of the colloid was observed (Figure 11). Furthermore, an increased
prevalence of follicles lined by columnar epithelial cells was noticed. These

changes were observed in both exposure studies with T4.

A quantitative analysis of epithelial cell heights and maximum cross section area
of the right thyroid lobe is currently in progress for tissue samples from both
T4 exposure studies. Results from measurements of epithelial cell heights are
shown in Figure 15. Statistically significant increases in epithelial cell height were
detected at 2.0 ug/L (stage 51 exposure study) and 1.0 and 2.0 ug/L T4 (stage

54 exposure study).



(A) control

(B) 0.25 pg/L T4

Figure 9. Light micrographs (10 x magnification) of histological sections of thyroid
glands from X. laevis tadpoles after 21 days of exposure to T4 during the
stage 51 exposure study. See text for details.



(A) 0.5 pg/L T4

(B) 1.0 pg/L T4

Figure 10. Light micrographs (10 x magnification) of histological sections of
thyroid glands from X. /aevis tadpoles after 21 days of exposure to T4 during the
stage 51 exposure study. See text for details.



2.0 ug/L T4

Figure 11. Light micrograph (10 x magnification) of a histological section of
thyroid gland from X. laevis tadpole after 21 days of exposure to T4 during the
stage 51 exposure study. See text for details.



(A) control

(B) 0.25 ug/L T4

Figure 12. Light micrographs (10 x magnification) of histological sections of
thyroid glands from X. /aevis tadpoles after 14 days of exposure to T4 during the
stage 54 exposure study. See text for details.



(A) 0.5 pg/L T4

(B) 1.0 pg/L T4

Figure 13. Light micrographs (10 x magnification) of histological sections of
thyroid glands from X. /aevis tadpoles after 14 days of exposure to T4 during the
stage 54 exposure study. See text for details.



2.0 pg/L T4

Figure 14. Light micrograph (10 x magnification) of a histological section of
thyroid gland from X. laevis tadpole after 14 days of exposure to T4 during the
stage 54 exposure study. See text for details.
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Figure 15. Effects of T4 exposure on epithelial cell height in thyroid glands of
X. laevis tadpoles. Columns and bars represent mean values = SD of 10 animals
per treatment group. Significant differences from the control group (ctrl) are
marked by asterisks (* p<0.05; Dunnett’s test)
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Proposal for Phase 1 of the Validation of the Amphibian M etamor phosis Assay

PURPOSE OF THE AMPHIBIAN METAMORPHOSISASSAY AND OBJECTIVES

Purpose and major characteristics of the Xenopus M etamor phosis Assay

1

The Xenopus Metamorphosis Assay is an in vivo screening assay for the identification of chemicals
which interfere with the thyroid axis in Xenopus laevis exposed during a critical period of the
metamorphosis (i.e. late premetamorphosis and/or prometamorphosis).

The development of this assay was supported by the EDTA Task Force for its potential to serve as
amodel for thyroid disruption in Vertebrates. Homology of genes exists between Amphibians and
higher Vertebrates which allows to think that results obtained in this assay could be extrapolated to
other organisms. At least two Detailed Review Papers are also being developed to document this
assumption and support development of an amphibian metamorphosis assay. A maor advantage of
Xenopus among Amphibians is its well characterised development, especialy during
metamorphosis (staging criteria of Nieuwkoop and Faber), which makes it amenable to a
quantitative assessment of changes observed.

The development of this proposal was made possible thanks to previous works in Germany, Japan
and the United States. These works especialy focused on the finding of a minimal but suitable
exposure period, on the selection of good endpoints to measure thyroid effects in tadpoles, on the
optimisation of rearing conditions and on suitable test species. A major initial piece of work was
undertaken by Germany; it consisted in the ring-testing of a different version of a Xenopus
Metamorphosis Assay (XEMA). Results obtained in the ring-test congtitute the basis of the current
proposal, with substantial input brought by study results from the USEPA on a similar assay.

Discussions held recently at the first OECD Expert Meeting on Amphibian Testing (June 2003,
Duluth (US)) addressed the differences of opinions and experts found an area of agreement on most
of the previoudy unresolved issues. They proposed to conduct a comparison study, as afirst step in
the Vaidation process.

In Phase 1 of the Validation, the assay will be initiated at two different stages of metamorphosis:
stage 51 and stage 54. Thus tadpoles are exposed for 21 days (from stage 51 to stage 58-59) and for
14 days (from stage 54 to stage 58-59). The assay is terminated when animals reach stage 58-59 of
the metamorphosis (staging criteria of Nieuwkoop and Faber). Mortality is checked daily.
Development stage, body length, hind limb length are measured at weekly intervals. Histology of
the thyroid gland is evaluated at termination of the assay on day 21 or on day 14.

Chemicals chosen for Phase 1 are T4 or Thyroxine (CAS NR. 300-30-1) as a thyroid agonist and
PTU or Propylthiouracil (CAS NR. 51-52-5) as a thyroid antagonist. The following test
concentrations will be used for PTU: 2.5, 5, 10 and 20 mg/l, and for T4: 0.25, 0.5, 1.0 and 2.0 pg/l.



Objective of the Validation Study

7.

The objective of the Vaidation study is to experimentally establish the relevance of the assay by
assessing its sensitivity to detect weak and strong (anti-) thyroid compounds and to assess the
reproducibility of the assay by comparing results obtained by a variety of laboratories in diverse
geographical locations.

Phase 1 of the Validation will focus on the demonstration of the relevance of the assay, i.e. its
ability to detect (anti-)thyroid compounds through measurement of the selected endpoints.

The comparison of the 14-d and the 21-d protocols will help determine the optimum development
stage at initiation of exposure, and thus the duration of the assay.

Key goals of Phase 1

Obtain sufficient information on the relevance of endpoints selected for the assay and their ability
to respond in a consistent way to Thyroxine and Propylthioruacil.

Obtain information on the adequate development stage at initiation of exposure (stage 51 or stage
54);

Obtain information on the optimal duration of exposure (14 days or 21 days);

Optimise the rearing conditions in order to minimise the variation in the endpoints measured (e.g.
larval dengity);

Standardise the thyroid histology techniques and evaluation in order to validate the endpoint;

Compare the performance of flow-through and static renewal regimes to determine whether the
protocol can accommodate both or if it should be restricted to one water regime.

ACTION PLAN AND TIMEFRAME

10.

11.

In Phase 1 of the Validation, Xenopus laevis has been selected as the only species for which the
historical database is sufficiently comprehensive to enable proper comparison of it with results
obtained in the assay. Three laboratories, preferably with previous experience in the assay, are
needed in this Phase 1. These laboratories have been provisionaly identified during the OECD
Meeting of the Ad hoc Expert Group on Amphibian Testing in June 2003, pending confirmation of
funding availability. These |aboratories are located in Germany, Japan and the United States.

Germany prepared the standard operating procedures of the protocol of the assay (Annex 1). These
standard operating procedures were reviewed by other experts of the OECD Amphibian Expert
Group and agreed upon. However, differences of practice will persist for some of the test
conditions: the exposure regime (static renewal in one laboratory versus flow through in the other
two), the larval density (number of tadpoles/volume of test solution) and the feeding regime and
ration. All test conditions were previously used in two of the laboratories and gave comparable
growth and development rates. Therefore, amphibian experts estimated that these parameters
should not influence the main question to be addressed during Phase 1 which is the optimum
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13.
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development stage at initiation of exposure. This assumption will be checked in Phase 1 and the
outcome will determine whether the protocol developed will need to be restricted to just one
exposure system or allowed to accommodate both the static-renewa and the flow-through system.

The three laboratories participating in Phase 1 will do both the 21-day exposure (stating at stage 51)
and the 14-day exposure (starting at stage 54) using both chemicals: thyroxine and propylthiorucail.

The present proposal first needs approval from the VMG-eco before starting experimental work.
This should be done through a written procedure, and if need be, a teleconference of the VM G-eco
will be organised towards the end of September to agree on remaining i Ssues.

Once agreement is reached with the VMG-eco, experimental work should start, co-ordinated by a
lead laboratory among the three participating ones. It is expected that, by the end of 2003 or early
2004 Phase 1 will be completed. Results will be presented to the VMG-eco for discussion at its
next meeting in Spring 2004.

The main outcome should be an agreement on whether a 14-day exposure (from stage 54 to stage
58-59) is sufficient or a 21-day exposure (from stage 51 to stage 58-59) is necessary to detect
thyroid related effects. Phase 2 could then consist in a multi-chemical analysis in three or more
laboratories, provided all other questions and issues are solved, in particular as regards
standardisation of endpoint measurement and acceptable test conditions.

A glossary of important terms was prepared in Annex 2. A schematic of the experimental design of
the Amphibian Metamorphosis Assay is in Annex 3 and a synopsis of assay conditions applied in
the three laboratories can be found in Annex 4.

The supply of test substances will be co-ordinated through a chemical repository, Battelle, located
in the United States. A standard order form has been prepared and |aboratories will be requested to
use it and submit it to the indicated contact point. Test substance from an identical lot number will
be used by the three participating laboratories to ensure uniformity of compounds tested.

The lead laboratory will be responsible for the collection of test results from the other two
laboratories on standardised Excel spreadsheets, for the statistical analysis and for the preparation
of adraft report for Phase 1.



ANNEX 1: Standard operating procedures of the protocol for the
Amphibian M etamor phosis Assay

(See separate file: SOP Comparison study. pdf)



ANNEX 2: Glossary

Larval density: number of tadpoles per volume of test solution.

Biological rate: gives an indication of how much of the chemical reaches the tadpole and is expressed in
mg tadpole/mg test substance.

Exposure regime: type of exposure system used during the experiment. The semi-static system is referred
to when the animals are transferred punctually (e.g. three times a week) to afreshly prepared test solution.
The flow-through system means that a fixed flow of fresh test solution (e.g. 25 ml/min) is continuously
dispensed to the test chamber; a fixed flow of existing test solution is also removed constantly; the whole
system enables the quality of water to remain acceptable during the exposure period without having to
move the animal.




ANNEX 3:

FOR BOTH CHEMICALSAND BOTH REPLICATES:

Schematic of experimental design for the Amphibian M etamor phosis Assay
Propylthiouracil (PTU) Thyroxine (T4)

Dilution water control Dilution water control

2.5 mg/l 0.25 pg/l

5 mg/l 0.5 ug/l

10 mg/l 1.0 g/l

20 mg/l 2.0 ug/l

Development stage (Nieuwkoop and Faber)
Whole body length

M easur ements/obser vations made for all treatment levels and the control:

} d-0, d-7, d-14, (d-21) on all 20 individualgreplicate

Hind limb length: d-7, d-14, (d-21) on dl 20 individua replicate
Thyroid histology: at termination of the assay at d-14 or d-21
on 5 individuals per replicate.
Duration:
Stage 51
Day O
Day 7 Stage 54 Day 0
Day 14 21-d assay 14-d assay Day 7
Day 21 Stage 58/91 Stage 58/91 Day 14
Replicate | Control | Conc.1 | Conc.2 | Conc.3 | Conc. 4
PTU A 20 20 20 20 20
B 20 20 20 20 20
T4 A 20 20 20 20 20
B 20 20 20 20 20

Number of tadpoles used in the study. Endpoints are measured on tadpoles weekly; tadpoles
are then placed back in the test chamber each time.



ANNEX 4: Synopsis of test conditions applied in the three participating laboratoriesin Phase 1 of the Validation of the
Amphibian M etamor phosis Assay

Germany

Japan

United States

Animal

Xenopus laevis

Xenopus laevis

Xenopus laevis

Exposure period

Exposure from stage 51 21-days

Exposure from stage 51 21-days

Exposure from stage 51: 21-days

Exposure from stage 54: 14-days

Exposure from stage 54: 14-days

Exposure from stage 54: 14-days

Concentration of test PTU

2.5, 5, 10, 20 mg/l

2.5, 5, 10, 20 mg/l

2.5, 5, 10, 20 mg/I

substance T4

0.25, 0.5, 1.0, 2.0 ugl

0.25, 0.5, 1.0, 2.0 ugl

0.25, 0.5, 1.0, 2.0 gl

Control

1 dilution water control

1 dilution water control

1 dilution water control

Exposureregime

Semi-static

Flow-through (25 ml/min)

Flow-through (25 ml/min)

Larval density

20 tadpoles/10 | tank

20 tadpoles/ 4 | tank

20 tadpoles/ 4| tank

Replication 2 replicates for each test substance 2 replicates for each test substance 2 replicates for each test substance
Development stage Development stage Development stage
Whole body length | P& O 7 1% 2L Ryidle body Tength | P & 7 14 21 Ryhole body fength | P& & 7+ 14,21
Endpointsand deter mination Hind limb length Day 7,14, 21 Hind limb length Day 7,14, 21 Hind limb length Day 7,14, 21
days Wet weight Day O, final day | Wet weight Day O, final day | Wet weight Day 0O, final day
Mortality Daily Mortality Daily Mortality Daily
observation observation observation

Acceptable mortality rate

<5% in control

<5% in control

<5% in control

Day Final day of exposure Final day of exposure Final day of exposure

Fixation Region Lower jaw; spe(_:ific ti ssues (brain, tail) | Whole body Whole body
for gene expression anaysis
Fixation fluid Bouin'sfluid or liquid nitrogen Bouin'sfluid Bouin'sfluid
Food Seramicron Seramicron Mixture of TetraFin, Spirulina algae
discs, Silver cup trout Starter, aong

Feeding with live brin_eshrimp

Amount 300 mg/tank 600 mg/tank To be determined

Frequency Once aday Twice/day on weekdays, once/day on | Twice/day on weekdays, once/day on

weekends weekends

Component Commercial salt mixture Tropic Marine | Activated carbon processed water. Lake Superior Water (LSW)
Test medium Meersalz to deionized distilled water

Concentration 0.025% 0.025% -




Germany

Japan

United States

Tank (L*W*H)

30*20* 20 cm

22.514*16.5cm

22.5°14*16.5cm

Photoperiod | 12 hr light: 12 hr dark 12 hr light: 12 hr dark 12 hr light: 12 hr dark
Lighting Intensity To be measured To be measured Range from 61 to 139 lumens at the
water surface
Water temperature 22+1°C 22+1°C 21°C
pH 7+0.5 7+0.5 7+0.5
Dissolved Oxygen concentration | Above 80% of the air saturation value Above 80% of the air saturation | To be confirmed
value
Room temperature 19-22°C 19-22°C To be confirmed
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Xenopus Metamorphosis Assay (XEMA)

1 Test Organism

The XEMA test uses tadpoles of the South African clawed frog Xenopus laevis.
Other species of Xenopus can not be used. The test should be performed with
animals bred in the laboratory and tadpoles purchased from commercial
sources should not be used to conduct the XEMA test. The tadpoles used in

this test should be derived from a healthy brood stock.

2 Objective of the Comparison Study

The primary objective of the comparison study is the comparative evaluation of
the sensitivity of two different exposure scenarios to detect stimulating and
inhibiting effects of chemicals on X. laevis metamorphosis. Exposure is initiated
with X. laevis tadpoles at developmental stages 51 and 54, respectively.
Exposure of stage 51 tadpoles is continued for a total of 21 days and exposure
of stage 54 tadpoles is continued for a total of 14 days. Tadpoles are exposed
to 4 different concentrations of the test substance (n= 2 replicates per
concentration) and a control group (n= 2 replicates). Larval density is
20 tadpoles per 10 L treatment tank. All exposure experiments use an aqueous
route of exposure. The test uses a static renewal exposure regime and test
solutions are exchanged completely three times a week (Monday, Wednesday,
Friday). The main endpoints in this comparison study are developmental stage,
hind limb length and whole body length which are determined for each tadpole
at exposure days 0, 7, 14 and 21. In addition, mortality is checked on a daily
basis. Effects of the test chemicals are assessed by comparison with the control

treatment.



3 Biological Endpoints

3.1 Developmental stage

The primary endpoint to assess possible effects of the test chemical on
metamorphic development and thus, on thyroid function is the developmental
stage of the tadpoles. The developmental stage of X. laevis tadpoles can easily
be determined by using the staging criteria of Nieuwkoop and Faber (1994).
The XEMA test is designed to detect both anti-thyroidal and thyroid hormone-
mimicking effects of test substances. Anti-thyroidal compounds are expected to
inhibit or slow down the rate of metamorphic development, causing lower
developmental stages compared to untreated controls. On the other hand,
thyroid hormone-mimicking substances cause enhanced metamorphic
development leading to higher developmental stages compared to untreated

controls.

3.2 Body Length and Hind Limb Length

Measurement of whole body length provides information about the growth rate
of tadpoles. Whole body length is measured from the tip of the snout to the tail
end (Figure 1). Differentiation and growth of the hind limbs is under control of
thyroid hormones. Therefore, hind limb length is measured as an additional
endpoint in order to evaluate the suitability of this endpoint to detect effects on

the thyroid axis.
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Figure 1 Measurement of whole body length (A) and hind limb length (B) in Xenopus

laevis tadpoles (Nieuwkoop and Faber, 1994).

3.3 Additional Observations

Mortality in the test tanks is checked daily and the number of dead animals is
recorded. Dead animals must be immediately removed from the test tanks.
Under the conditions described here, mortality rates are normally less than 5 %
in the control group. Increased mortality rates may indicate inappropriate test

conditions or toxic effects of the test materials.



4 Equipment
The following equipment is needed:

e 50L tanks (approx. 60 x 40 x 35 cm) with sturdy lids and spawn

grates which fit into the tanks
o twenty 10 L glass aquaria (approx. 30 x 20 x 20 cm) with glass covers
e water bathes that accomodate for 20 glass aquaria
e air pump and airstones
e aquarium heaters (adjustable to 22+1°C)

e thermometer (preferably a recording thermometer measuring

temperature minima and maxima)
e binocular dissection microscope

e transparent plastic chamber of an approximate size of 80 x 30 x 15

mm
e pH meter
e oxygen meter

e devices to scoop tadpoles out of the tanks (preferably a small strainer

with a rather rigid mesh)

o different glass vessels (beakers, graduated flasks, graduated

cylinders, Erlenmeyer flasks etc.)

e adjustable pipettors, disposable micropipettes (1000 uL), graduated
pipettes (5 mL, 10 mL, 20 mL)



5 Breeding and Culture Conditions
5.1 Adult Breeding Animals

Details on holding the brood stock under satisfactory conditions can be found in
the literature concerned with the performance of the FETAX test (Bantle, 1995;
Bantle et al., 1998) or other publications related to general culture and care of
adult X. laevis (Dawson et al., 1992; Hilken et al., 1995; Hilken et al., 1997; Kay
and Peng, 1992).

5.2 Breeding

Spawning of adult X. laevis should be induced approximately 14 days prior to
the intended initiation of the test. After fertilization, the exact time period for
tadpoles to develop to stage 51 can be variable depending on laboratory
conditions. Normally, larvae hatch until day 3 postfertilization (PF) and develop
to stage 51 within 14-16 days after fertilization. Spawning of adult X. /aevis is
induced by injecting human chorionic gonadotropin (hCG; Chorionic
Gonadotropin from Human Pregnancy Urine, Sigma-Aldrich) into the dorsal
lymph sac of male and female adult frogs as described by Bantle et al. (1998).
Adult frogs should not be bred more frequently than every 2 to 3 months.
Breeding males and females should appear healthy and free of abnormalities or
injuries. Only adult frogs that have not been treated for diseases during the past

4 weeks should be used for breeding.

The number of eggs per spawn under optimal laboratory conditions generally
ranges from 500 to more than 2,000. Under the test conditions used during the
comparison study, 400 tadpoles are required for each test trial. Because
breeding success can be variable, it is recommended to simultaneously induce
breeding in two adult pairs in order to ensure an appropriate number of fertilized
eggs and hatched larvae. All tadpoles used in a test should be from the same

brood.



For the induction of spawning, a hCG stock solution with a concentration of
200 U/100 pL is freshly prepared immediately before injection. A recommended
schedule to induce mating is that two adult males are injected in the morning
with 200 pL of hCG stock solution, respectively. After injection, the males are
separated and placed in two 50 L plastic tanks filled with 40 L of the test
medium at 22°C. These breeding tanks are aerated with airstones and covered
with a sturdy lid to keep the animals under low light conditions and to prevent
escaping of adult animals. In order to protect the laid eggs from the parent
animals, a spawning grate, held a few centimeters off the bottom, is placed in
the breeding tanks so that spawned eggs will fall through the mesh to the
bottom of the tank where they are not available to the adult animals. In the
evening of the same day, approximately 10-12 hours after the first injection, the
males receive a second injection of 200 uL hCG stock solution. At the same
time, two female adults are injected with 500 yL hCG stock solution,
respectively. A hCG-primed male and female are placed together in a breeding
tank to go into amplexus. The breeding pairs are left to breed overnight under
low light conditions and any disturbance of the breeding pairs should be
avoided during this time. Normally, the eggs are laid during the night. The next
morning, the adult frogs are removed from the breeding tank.

5.3 Eggs and Tadpoles

Eggs and developing tadpoles are held in a synthetic test medium at 22+1°C
and pH 7+0.5 during all phases of development. The synthetic test medium is a
reconstituted tap water medium which is formulated by adding 2.5 g of the
commercial salt mixture “Tropic Marine Meersalz” (Tagis Aquarium, 63271
Dreieich, Germany, Fon: +49 6103 64036) to 10 L deionized distilled water.
This test medium is used as rearing water for eggs and tadpoles during the pre-
exposure phase and as dilution water during the exposure phase. All vessels
used for rearing of eggs and tadpoles are continuously aerated with airstones in

order to maintain dissolved oxygen concentrations above 80 % of the air



saturation value. The light-dark cycle is 12:12 hours and the room temperature
should be between 19 and 22°C.

Figure 2 Holding tanks for rearing of eggs and tadpoles during the pre-exposure phase

After spawning, eggs and developing tadpoles are reared in large holding tanks
(e.g. 50L plastic tanks) containing approximately 40L of test medium
(Figure 2). Tadpoles hatch until days 3-4 PF. Feeding of tadpoles starts at days
4-5 PF. During the pre-exposure period, tadpoles are fed daily with the
commercial tadpole food sera micron (sera GmbH, D-52518 Heinsberg). The
total daily food ration is dependend on the number of tadpoles per tank. The
amount of food should be adjusted as needed so that the water becomes clear
within 24 hours. Preferably, small portions of sera micron are given to the

tadpoles 3-4 times per day.

At day 8 PF, 1000 tadpoles are removed from the large holding tanks and are
transferred to smaller rearing tanks (e.g. 10 L glass aquaria) in order to reduce
larval density. From day 8 PF onwards, the rearing density should be adjusted
to approximately 45-50 tadpoles per 10 L test medium. The rearing tanks are
placed in a thermoregulated water bath that is maintained at 22+1°C and each

tank is aerated via an air stone (Figure 3). Once the tadpoles are transferred to



the smaller rearing tanks, they are fed 200 mg sera micron per day per tank
(preferably, the total amount of 200 mg food per day is divided into 2 food
rations given in the morning and afternoon, respectively). At days 11 and 14 PF,
the rearing medium in the tanks is changed out completely. Tadpoles are reared
under these conditions until they reach developmental stage 51 at days 14-16
PF. When the majority of tadpoles have reached stage 51, 200 larvae at stage
51 meeting the criteria described below (section 6.1.1) are used to initiate the
21-d exposure. The remaining tadpoles are placed in rearing tanks with fresh
medium at a larval density of 35 tadpoles per 10 L tank. When the majority of
the remaining tadpoles have reached stage 54 (approx. at day 20 PF), 200
larvae at stage 54 meeting the criteria described below (section 6.1.2) are used

to initiate the 14-d exposure.

Figure 3 Test tanks (10 L glass aquaria) for exposure of tadpoles
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6 Test Initiation and Conduct

6.1 Selection of Experimental Animals
6.1.1 21-d Exposure with Stage 51 Tadpoles

The 21-d exposure study is initiated with stage 51 tadpoles that have been
reared at a larval density not exceeding 5 tadpoles/L from day 8 PF onwards. At
day 0 of exposure, developmental stage and whole body length are determined
for these tadpoles. The test phase is initiated with tadpoles that meet the
following criteria:

e developmental stage: 51 (Nieuwkoop and Faber, 1994)

e whole body length: 27 - 32 mm
At developmental stage 51, whole body length of tadpoles normally ranges from
27 mm to 32 mm. Tadpoles that fulfill the criteria mentioned above but exhibit
grossly visible malformations or damages (e.g. damage of the tail) are not
usable in XEMA.

6.1.2 14-d Exposure with Stage 54 Tadpoles

The 14-d exposure study is initiated with stage 54 tadpoles that have been
reared at a larval density not exceeding 3.5 tadpoles/L from day 14 PF
onwards. At day 0 of exposure, developmental stage and whole body length are
determined for these tadpoles. The test phase is initiated with tadpoles that
meet the following criteria:

e developmental stage: 54 (Nieuwkoop and Faber, 1994)

Tadpoles that fulfill the criteria mentioned above but exhibit grossly visible

malformations or damages (e.g. damage of the tail) are not usable in XEMA.

6.2 General Exposure Regime
The general experimental design is that tadpoles are exposed to 4 different
concentrations of the test chemical (n=2 replicates per concentration) and a

dilution water control (n=2 replicates). The test chemicals are the anti-thyroidal
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substance 6-n-propyl-2-thiouracil (PTU) and the thyroid hormone thyroxine (T4).
The test concentrations for PTU and T4 are as follows:

e PTU(mg/L): 2.5, 5, 10, 20

e T4 (ug/L): 0.25, 0.5, 1.0, 2.0
Larval density is 20 tadpoles per test tank for all treatment groups. The resulting
10 treatment tanks are randomly assigned to a position in the water bath in

order to account for possible variations in temperature and light intensity.

6.3 Preparation of Test Solutions

All exposure experiments according to the XEMA protocol use an aqueous
route of exposure. Stock solutions of the test substances PTU and T4 are
freshly prepared each week as described below (see section 6.4). Test
solutions are formulated by dilution of the corresponding stock solutions in
dilution water to obtain a total volume of test solution of 10 L per test tank. Test
solutions are exchanged completely three times a week (Monday, Wednesday,

Friday) in a static renewal design.

For the static renewal technique used in XEMA, two different renewal
procedures may be followed. One possibility is that new test solutions are
prepared in clean vessels and the tadpoles are gently transferred into the new
vessels. Alternatively, the test animals can be transferred to an intermediate
vessel (e.g. 1 L beaker) containing test solution and after the test solution in the
test tanks is exchanged completely, the tadpoles are transferred back to their
respective test tanks. In either case, it should be ensured that the temperature

of the fresh test solution is 22+1°C.

Generally, the exchange of test solutions should be performed in a manner to
minimize any stress for the test organisms. The following procedure is
recommended. First, 5 to 6 L of old test solution are removed with a 1 L beaker
to reduce the water level in the test tanks. The reduced water volume facilitates

the removal of tadpoles which should be done by gentle scooping rather than by
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collecting in nets in order to avoid any injury of the test organisms. There are
reports of toxic effects arising from the use of latex gloves (Gutleb et al., 2001)
and it is recommended to use vinyl or nitril gloves during exchange of test
solutions. Direct contact between gloves and the inner sides of the test tanks
should be generally avoided. Before refilling the test tanks with fresh test
solution, the inner tank sides, the bottom and the glass covers are cleaned with
warm tap water and a sponge followed by thorough rinsing with deionized
distilled water. To prevent cross contamination, separate sets of gloves,
strainers, sponges and intermediate vessels are used for each treatment group

during water exchange and tank cleaning.

6.4 Preparation of Stock Solutions of PTU and T4
Thyroxine (T4)

FW: 776.9 g/mol

Stock solution: 50 mg/L

Preparation of 100 mL stock solution:
Dissolve 5 mg T4 in 10 mL NaOH (1 M), shake the solution for 60 minutes to
achieve complete dissolution. Then, add dilution water to a final volume of

100 mL and shake or stir the solution for further 10 minutes.

Test concentration Added volumes of stock solution
(ng/L) (ML /10 L test medium)
0.25 50
0.5 100
200
2 400
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Propylthiouracil (PTU) - anti-thyroid druqg

Synonym: 6-n-propyl-2-thiouracil
FW: 107.2 g/mol

Water solubility : limited

Stock solution: 10 g/L

Preparation of 250 mL stock solution:

Dissolve 2.5 g PTU in 20 mL NaOH (1 M), shake vigorously for a few minutes to
achieve complete dissolution; then, add dilution water to a final volume of 250 mL.

Test concentration Added volumes of stock solution
(mg/L) (mL /10 L test medium)
2.5 2.5
5 5
10 10
20 20

Note: after addition of PTU stock solution to 10 L of test medium, adjustment of

pH may require the addition of HCI to the test medium.

6.5 Feeding
During the entire test period of either 14 or 21 days, tadpoles are fed daily
(including weekends) with sera micron according to the following schedule:

- 300 mg / day / test tank

The food is given to the tadpoles as dry food.

Alternatively, a stock solution of 10 g/L sera micron can be prepared in dilution
water. Such a stock solution should be freshly prepared every other day. From
this stock solution, tadpoles receive 30 mL / day / tank during the entire test

period of either 14 or 21 days.
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6.6 Determination of Biological Endpoints

For assessment of developmental stage, whole body length and hind limb
length, tadpoles are singly removed from the test tanks by scooping with a small
strainer and transferred to a transparent plastic chamber of an approximate size
of 80 x 30 x 15 mm containing a few mL of test solution. It is not necessary to
anaesthetize the tadpoles for this procedure. Experimental animals should be
carefully handled during transfer from the test tanks to the measurement

chamber in order to mimimize stress and to avoid any injury of the tadpoles.

The developmental stage of all test animals is determined according to the
staging criteria of Nieuwkoop and Faber (1994) by using a binocular dissection
microscope. For length measurements, the transparent measurement chamber
is placed on a length scale that allows length measurements to the nearest mm.
Alternatively, length measurements can be performed using an image analyzing

system.

Developmental stage and whole body length are determined for each tadpole at
the beginning of the exposure (day 0) and again on days 7, 14 and 21 of
exposure. Hind limb length is measured for each tadpole at exposure days 7, 14
and 21. In addition, the test tanks should be checked daily for dead tadpoles
and the numbers are recorded. Dead tadpoles should be removed from the test
tanks as soon as observed. Under the conditions decribed here, mortality rates

in the control groups are less than 5 %.

6.7 Test Termination

On exposure day 21 (initiation of exposure with stage 51 tadpoles) and on
exposure day 14 (initiation of exposure with stage 54 tadpoles), tadpoles are
anesthetized in MS-222 or on ice for determination of developmental stage,
whole body length, hind limb length and wet weight. For possible histological

analysis of the thyroid gland, the lawer jaw of tadpoles is preserved in bouins
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solution for 12-24 hours. For analysis of gene expression levels, specific tissues
(e.g. brain, tail) are readily dissected after anesthesia, snap-frozen in liqid

nitrogen and stored at —80°C until RNA isolation.

6.7 Temperature and pH Measurements
Water temperature (22+1°C) and pH (7+0.5) in the test tanks must be checked

at least before and after each exchange of test solutions.

7 Statistics

Data sets from whole body length, hind limb length and wet weight
measurements of individual test tanks within treatments are analyzed for normal
distribution (Kolmogorov-Smirnov-test) and homogeneity of variance (Levene-
test). For normally distributed length data, analysis of variance (ANOVA) is used
to determine tank-to-tank differences within treatments. Length and weight data
which are not normally distributed, are analyzed for possible tank-to-tank
differences within treatments by using the non-parametric Kruskal-Wallis test.
For the following assessment of treatment-related effects on mean body length,
mean hind limb length and mean wet weight, data from all tanks within each
treatment group are pooled and in this analysis, the individual tadpoles are
considered as the experimental units. Possible treatment effects on tadpole
whole body length, hind limb length and wet weight are always assessed by
comparison with the SC group. For normally distributed data, either Dunnett’s
test (homogeneity of variance) or Dunnett’'s T3 test (heterogeneity of variance)
are used. In cases where length data are not normally distributed, pairwise
comparisons between the SC group and each treatment group are made by the

non-parametric Kruskal-Wallis test followed by the Mann-Whitney U-test.

Developmental stage data are usually not normally distributed and the nature of
these data suggests that calculation of mean values is not a meaningful

method. Therefore, only non-parametric methods are considered for statistical
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analysis of developmental stage data. Developmental stage data are first
analyzed using the non-parametric Kruskal-Wallis test for possible tank-to-tank
differences in developmental stage composition within treatments. For the
following assessment of treatment-related effects on the developmental stage
composition, data from all tanks within a given treatment are pooled and in this
analysis, the individual tadpoles are considered as the experimental units. The
Kruskal-Wallis test is used to determine whether significant differences exist
between the developmental stage composition of treatment groups and if
indicated, the Mann-Whitney U-test is used for pairwise comparisons of
developmental stage data between each treatment group and the SC group to
determine which of the treatment groups are significantly different from the SC
group. Differences in growth and developmental indices between treatments are

considered significant at the level of p<0.05.

8 Documentation of Test Results

Data are summarized in tabular form in a data reporting form (Microsoft Excel
format) containing appropriate data sheets, showing for each treatment and
control group, the number of surviving tadpoles and the developmental stage,

whole body length and hind limb length for all tadpoles at each observation.

Corresponding address:

Prof. Dr. Werner Kloas

Department of Inland Fisheries

Leibniz-Institute of Freshwater Ecology and Inland Fisheries
Muaggelseedamm 310

12587 Berlin

tel.: +49(0)3064181630

fax: +49(0)3064181799

e-mail: werner.kloas@igb-berlin.de



17

8 References

Nieuwkoop, P.D., and Faber, J. (1994). Normal Table of Xenopus laevis
(Daudin). Garland, New York

Bantle, J.A. (1995): FETAX — a developmental toxicity assay using frog
embryos. In: Fundamentals of Aquatic Toxicology. Rand, G.M. (ed.). Taylor and
Francis, Washington DC, USA, 207-228.

Bantle, J.A., Dumont, J.N., Finch, R.A., Linder, G. and Fort, D.J. (1998):
Atlas of Abnormalities. A Guide for the Performance of FETAX. Oklahoma State
University Press, Stillwater, USA

Dawson, D.A., Schultz, D.W. and Shroeder, E.C. (1992): Laboratory care and
breeding of the African clawed frog. Lab. Anim. 21, 3136

Hilken, G., Dimigen, J. and Iglauer, F. (1995): Growth of Xenopus laevis
under different laboratory rearing conditions. Lab. Anim. 29, 152-152

Hilken, G., Iglauer, F. and Richter, H.-P. (1997): Der Krallenfrosch Xenopus
laevis als Labortier. Biologie, Haltung, Zucht und experimentelle Nutzung.
Ferdinand Enke Verlag, Stuttgart

Kay, B.K. and Peng, H.B. (eds.) (1992): Methods in cell biology Vol. 36,
Academic Press, New York, USA

Gutleb, A.C., Bronkhorst, M., van den Berg, J.H.J. and Murk, A.J. (2001):
Latex laboratory-gloves: an unexpected pitfall in amphibian toxicity assays with

tadpoles. Environ. Toxicol. Pharmacol. 10, 119-121



MEETING TO DISCUSSPHASE | OF THE AMPHIBIAN METAMORPHOSIS ASSAY
10M-11"" March 2004, Hir oshima, Japan

M eeting Report

BACKGROUND AND INTRODUCTION

Thefirst OECD Ad hoc Expert Meeting on Amphibian Testing (June 2003, Duluth, U.S.A) proposed and
agreed that Germany, Japan, and the United States should conduct a comparison study as the next step in the
development of the Amphibian Metamorphosis Assay. The three laboratories volunteered to do a 21-day
exposure (stating at stage 51) and a 14-day exposure (starting at stage 54) using thyroxine and
propylthiorucail asthe test chemicals.

Towa Kagaku Company Limited organised and hosted a meeting to review the status of the comparison
studies. This meeting was held under the sponsorship of Environmental Safety Division, Japanese
Environment Ministry. The meeting took place at the Garden Palace Hotel, Hiroshima, Japan. It was
attended by 17 participants from Germany, Japan, and the United States. The participantslist is attached to
this report (Appendix I).

PURPOSE AND OBJECTIVES
The chairman of the meeting outlined the purpose and objectives of the meeting. The primary mandates of
the meeting were to review the outcome and results of the comparison studies and to:

» Decideif the tests conducted by the three laboratories were robust enough to detect disruptionsin the
thyroid axis.

» Decideif the selected endpoints are relevant to the assay.

» Determine an appropriate development stage to start exposure experiment and the duration of the
assay.

* Make proposals on rearing conditions such as larval density, feeding, evaluate the performance of
the flow-through and static renewal regimes, and if possible standardize the thyroid histology
techniques.

» Discussaformat to present Phase 1 data to the OECD Expert Group on Amphibian Testing.

AGENDA
The program and agenda of the meeting is attached to this report (Appendix 1)

PRESENTATIONS
The three participating labs in the comparison studies, Germany, Japan, and the United States, gave their
respective presentations.

» Phasel of Xenopus metamorphosis assay (XEMA) — German contribution: |. Evaluation of
morphological endpoints |1. Evaluation of histological and molecular biological endpoints. Werner
Kloas and Robert Opitz, Germany.

» Phasel of Frog Metamorphosis Assay -Japan contribution. Osamu Tooi, Japan

* Progress Toward Developing An Amphibian Metamorphosis Assay for Thyroid Disruption. Joe
Tietge, United States



In the ensuing discussions, the three participating laboratories agreed that, irrespective of the dightly
variable conditions under which the tests were conducted between the different laboratories, the similarity in
the results suggest that the X. laevis model is arelatively robust system to detect disruptions of the thyroid
axis. The group agreed to the draft outline of an amphibian metamorphosis assay as shown in Table 1.

Table 1. Draft Proposal for Validation of Amphibian M etamor phosis Assay

Test animal Xenopus laevis
Exposure period Exposure from stage 51 for 21 days
Criteriafor sdlecting test Primary criterion will be developmental stage, however
individuals exclusion criteria based on total length are to be determined
Concentration of test | PTU | 2.5, 5, 10, 20 mg/I
substance Ta 0.25, 0.5, 1.0, 2.0 pg/l
Exposureregime Flow-through design with 25 mL/min
Developmental stage
Day 7 and 21
Whole body length*
Endpoints and determination | Hind limblength Day 7 and 21
days Wet weight Day 21
Mortality Daily observation
Thyroid histology Day 21
Control One dilution water control
Larval density 20 tadpoles per tank**
V olume of test medium 4L with minimum water depth of 10 to 15 cm

Locally available and appropriate water demonstrated to

Test medium promote normal growth and development
Replication 2 replicates per test concentration
Acceptable mortality rate <5% in controls
Number 10 individuals per tank randomly selected
o Region Lower jaw or head (to be determined by each
Fixation laboratory)***
- . Bouin's Fixative or aternative used for routine histol ogical
Fixation fluid
methods
_ Food Seramicron or mixture of TetraFin, Spirulina algae discs,
Feeding Silver cup trout Starter, along with live brine shrimp
Freguency/amount | Twice a day, quantity adjusted with age of tadpoles
Lighting Photoperiod 12 hr light:12 hr dark
Intensity To be measured at water surface
Water temperature 22+1°C
pH 6.5-8.0
Dissolved oxygen concentration | Above 40% of the air saturation value
Chemistry Twice aweek




* The issue of body length was not fully resolved. The Japanese and Ger man laboratories measured total
length from the tip of the tail to the tip of the nose. The USlab measured from the tip of the nose to the vent.
It therefore warrants further discussions.

** An alternative approach isto raise the initial loading to 30 organisms per tank, and then subsampling 10
per tank at day 7. The reason for this approach is the concern for the additional handling involved in the
acquisition of apical endpoint data. By using a procedur e that removes the organisms from the study, we do
not have to be concerned with the additional stress of laying the organisms onto a glass plate, etc. This
would permit anesthesia to be used for the sampled organisms. Thisis acceptable from a biological loading
standpoint, as the organisms will not reach their maximal body weights until about stage 59, and at day 7
they should be at about stage 54. The only requirement here is that the sampling needs to be randomized.

*** Requires further discussion to clarify the relative merits of the two different procedures.

The group aso agreed to the following:

» All three participating laboratories should present data using the same tabular and graphical formats.

» All three laboratories will share their respective data, and the US will carry out the statistical analysis
after confirming the methodology with Germany.

»  Germany will develop draft standard operating procedures (SOP) for the validation phase using the
Xenopus Metamorphosis Assay (XEMA) protocol as aframework. Thiswill be passed on to the US,
and then Japan for the respective labs to make the necessary inputs. Each laboratory will include
comments on the thyroid histology SOP, after consultation with the respective pathologist.
Differencesin the histological procedures will be reconciled. In addition, Japan will include an SOP
for hind limb measurement, which was first presented at the meeting.

e Germany will then develop afinal draft protocol for submission to the OECD by April ending.

* The US Representative to the OECD meeting in June will present the draft protocol on behalf of the
three laboratories in an oral presentation.

Table 2. Timeframefor work sharing

Meeting to discuss Phase | of Amphibian Metamorphosis Assay 10— 11 March 2004
Submission of meeting report to OECD April 2004
Development of draft SOP for the validation phase March to April 2004
Submission of “Straw man” guideline to OECD 1-14 June 2004
Meeting of Ad hoc Expert Group on Amphibian Testing 28-29 June 2004
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APPENDIX [1

Meeting to Discuss Phase | of Frog M etamor phosis Assay
Hiroshima, Japan, on 10"-11"" Mar ch 2004

Program

Wednesday, Mar ch 10, 2004

9:00 - 9:05

9:05-9:10

9:10-9:15

9:15-9:30

9:30-10:15

10:15-10:25

10:25 - 10:55

11:00 - 11:45

12:00 - 13:00

13:00 - 17:00

17:00

18:00- 20:00

Welcome and Opening (Dr. Akihiko Kashiwagi)
Welcome (Dr. Hiroaki Hori)

Welcome (Bungo Goda)

Objective of the meeting (Dr. Akihiko Kashiwagi)
German presentation

Coffee break

Japanese presentation

U.S. presentation

Lunch break

Discussion of data presented

(Chair: Dr. Taisen Iguchi  Co-Chair: Dr. Werner Kloas)

» What isthe recommended stage of development at initiation of exposure?

» What isthe recommended exposure period?

» Select the endpoints (stage, total length, hind limb length, wet weight, mortality)
and measurement methods.

» Test conditions (feeding regime and ratio, loading rate, flow through versus static
renewal).

» Others (thyroid histology, mRNA expression; measurement technique,
measurement parameters).

Adjournment

Welcome dinner

Thursday, March 11, 2004

9:00- 10:30

10:40 - 11:45

Discussion: Phase 1 data presentation format

(Chair: Dr. Taisen Iguchi  Co-Chair: Dr. Werner Kloas)

Draft report to amphibian expert group (Collection of the data in three labs, statistics
methods)

Discussion: Phase|l draft proposal
(Chair: Dr. Taisen Iguchi  Co-Chair: Dr. Werner Kloas)
Preparation of a straw man guideline for amphibian metamorphosis assay



11:45-12:00 Closing remarks and adjournment (Dr. Akihiko Kashiwagi)



SECOND OECD MEETING OF THE AD HOC EXPERT GROUP ON AMPHIBIAN TESTING
28™M-29" June 2004, Paris, France

Final Report of the M eeting

INTRODUCTION

1 The meeting was attended by 20 participants from 10 countries: Australia, Canada, France,
Germany, Japan, Spain, Sweden, Switzerland, the United Kingdom, the United States and Industry (BIAC).
The participants list is appended to this report (Annex 1).

ELECTION OF THE CO-CHAIR

2. Following the principle of rotating chairmanship for this group, Dan Pickford from the United
Kingdom who co-chaired the last meeting, became the chair to this meeting. Dr. Taisen Iguchi from Japan
was elected as new co-chair.

ADOPTION OF THE AGENDA

3. The draft Agenda was adopted with minor changes to reflect the latest proposals from participants
to give a presentation on their country activities on Amphibian testing. The final agenda is appended to the
report (Annex I1).

PURPOSE AND OBJECTIVES

4, The Secretariat made a brief presentation on the purpose and objectives of the meeting. The main
objectives of the meeting were to:
* Review the outcome of Phase 1 of the validation and discuss additions to be made to the final
Phase 1 report before its submission to the VM G-eco;
» Discuss and agree on the content of Phase 2 of the validation, in terms of standard operating
procedures;
»  Get organised to submit the proposal for Phase 2 to the VM G-eco at the beginning of September
2004, and agree on the sharing of responsibilities/activities,

DETAILED REVIEW PAPERS

DRP on Amphibian Metamorphosis Assays

5. The Expert Group took note of the last comments and amendments made on the Detailed Review
Paper on Amphibian Metamorphosis Assays. This document is going to be published as an OECD
document and posted on the OECD public website for free access this autumn (September-October 2004).
DRP on Thyroid Hormone Disruption Assays (in vivo and in vitro)

6. Les Touart indicated that a preliminary draft had been circulated in the United States in April this

year and is expected to be submitted to the OECD at the end of August 2004 for circulation to National
Co-ordinators.



DRP on Amphibian Growth and Reproduction

7. Les Touart further mentioned that a Detailed Review Paper on Amphibian Growth and
Reproduction was in preparation in the US and similarly is expected to be submitted to the OECD at the
end of August, with aview to have it circulated to the VM G-eco before its meeting in October 2004.

RESULTS OF PHASE 1 OF THE VALIDATION OF THE AMPHIBIAN METAMORPHOSIS
ASSAY

Hiroshima Meeting Report

8. Following completion of Phase 1 experimental work, representatives from each of the three
participating laboratories met on March 10th-11th, 2004 in Hiroshima, Japan to review their data, propose
a protocol/SOP for Phase 2 of the validation work and identify issues for further discussion with the whole
OECD Amphibian Expert Group.

9. Charles Sagoe from Japan summarized the outcome of the Hiroshima meeting. There was
confidence that despite the differences in test conditions, the assay is robust enough to detect disruption in
the thyroid axis. To the question of development stage at initiation of exposure, the laboratories suggested
that stage 51 of metamorphosis should be preferred for the next step in validation. The current meeting
further discussed the issue in preparing for Phase 2. Unresolved points from the Hiroshima meeting dealt
with body length measurement (2 ways to do it), handling of individuals for the acquisition of apical
endpoint data during the test, and dissection of tadpoles for thyroid histology. Otherwise, the participating
laboratories organized themselves for the revision of the standard operating procedures, based on
experience gained in Phase 1.

Presentation of the results from Phase 1

10. Joe Tietge from the United States presented the results from Phase 1. An analysis of the control
data showed that development and growth (determined by weight and length) do not vary much across
laboratories (maximum difference between labs for weight: 27%, for length: 6%) nor within laboratories
(maximum within lab difference for weight: 18%, for length: 13%). One laboratory was in the process of
getting familiar with the flow-through exposure system when they did Phase 1 experiments, and this might
explain some of the within lab difference mentioned earlier. Overal, Xenopus laevis was thought to be
robust despite differencesin test conditions (exposure regime and food type).

11. The results of four tests were then explained: PTU (thyroid antagonist) 14-days study and 21-days
study, T4 (thyroid agonist) 14-days study and 21-days study. The 14-days studies started at stage 54 of
metamorphosis and the 21-days studies started at stage 51 of metamorphosis. The reasons for having both
devel opment stages and different exposure durations in Phase 1 were that:

i) pre-metamorphosis (from stage 51 to 54) seems to be a good period for the detection of thyroid
agonism, as endogenous levels of thyroid hormone are relatively low at that period,

ii) it was not fully clear whether a 14-day test beginning with stage 54 was sensitive enough to
detect thyroid agonism, and finally

iii) athough it was generally accepted that a stage 54 study-based assay would adequately capture
antagonism, experts suggested to compare its sensitivity relative to alonger assay beginning with
stage 51.



12. Endpoints measured: whole body length, body weight, final development stage (or staging), hind
limb length (not measured by the US lab), thyroid histology, biomolecular endpoints(measured in the
German lab only): TSH-B, TR-p and Basic Transcription Element-binding Protein (BTEB) mRNAs.

PTU studies

13. Both the 14-d and the 21-d assays were able to detect significant effects. For staging, the level of
statistical significance was reached at the highest concentration (20 mg/l PTU) in al labs; significance was
also detected at 10 mg/l in the German lab (21-d study) and in the US lab (14-d study). For hind limb
length, the significance level was reached at 20 mg/l in the German and Japanese labs at day 7 of exposure
in the study starting at stage 51. In both assays (14-d and 21-d), thyroid histology was the most sensitive
endpoint and effects could be detected at 5 mg/l in al laboratories. It was acknowledged that a uniform
grading system with agreed histological parameters will need to be used in future to strengthen thyroid
histology as an endpoint in the metamorphosis assay.

T4 studies

14. Both the 14-d and the 21-d assays were able to detect significant effects. Staging reached
statistical significance at 2 ug/l in all laboratories in the study starting at stage 54 and at 1 pg/l in some
studies starting at stage 51. Hind limb length measurement was significant at 1 ug/l in the stage 51 study
after 7 days of exposure (2 pg/l in the stage 54 study).Thyroid histology, performed at termination of the
experiments, was significant at 1 pg/l in the USlab and at 2ug/l in the German lab for both 14-d and 21-d
studies.

15. It was concluded that thyroid histology (performed at termination of the assay) tends to be the
most sensitive endpoint for antagonism; it was noted that follicular cell height is not as sensitive as the size
of thyroid gland. Hind-limb length (measured at d-7 of exposure in the stage 51 study) and thyroid
histology were the most sensitive endpoint to agonism.

16. The following things were learnt from Phase 1 Validation:

» X. laevis can be used successfully in different laboratories as a toxicological model for thyroid
disruption;

» X. laevis is quite robust to different culture and testing conditions (when conditions are further
standardized, inter-lab variation is expected to be minimal);

» Results of the PTU and T4 studies were remarkably similar among laboratories;

» The endpoints used in these studies were similarly sensitive and consistent with the modes of
action of each chemical;

» For the chemicals tested, the 21-d assay beginning with NF stage 51 and the 14-day assay
beginning with NF stage 54 both detected significant thyroid hormone disruption effects at
equivalent sengitivities (5mg/l PTU and 1ug/l T4).

17. Participants to the meeting had no particular comments on the draft report of Phase 1 but it was
agreed that the report will be checked by statisticians from Europe and the US to ensure that appropriate
statistical tests were used, especialy for non-parametric data (development stage). Tim Springer (US) and
Clemens Schanné (Switzerland) will be consulted on this matter. The Secretariat reminded the need for full
transparency regarding data and methodological details for future peer-review. Additionally, the report
should contain a rationale on how Phase 1 results are used to build Phase 2. Robert Opitz from Germany
made the commitment to finalize the report by the end of August 2004; Joe Tietge will work with him to
that end. The histological evaluations still missing from Japan (T4 14-d and21-d studies and PTU 21-d
study) will be submitted to Germany by the end of August for inclusion in the report. Analytical chemistry
also needs to be included in the final report. The report will then be forwarded to the VMG-eco for



comments and approval in September-October; any issue arising from the report will be discussed at the
VMG-eco 3 meeting on 21-22 October 2004.

PREPARATION FOR PHASE 2 OF THE VALIDATION
Stage at initiation of exposure

18. Extensive discussions on the stage at initiation of exposure took place before reaching an
agreement for Phase 2. On the one hand, both the 14-d assay (starting at stage 54) and the 21-d assay
(starting at stage 51) are able to detect thyroid agonism and antagonism, and therefore the shorter version
should be preferred. On the other hand, the assay starting at stage 51 may be dightly more sensitive than
the assay starting at stage 54 for the detection of agonistic effects (through hind limb measurement at d-7
of exposure). The group acknowledged that in the absence of data on an assay starting at stage 51 for a
duration of 14 days, Phase 2 of the validation should be taken as an opportunity to clarify whether such an
“stage 51/14-d" version would be able to combine the advantages of both the “stage 51/21-d"and “ stage
54/14-d” versions.

Core endpoints and observation time points

19. In order to gather sufficient information in Phase 2 for further decision, it was agreed that three
observation time points are needed in Phase 2:
o d-7 of exposure for hind limb measurement for the detection of agonistic effects
» d-14 and d-21 of exposure where all endpoints will be measured to be able to decide whether the
shorter version is sensitive enough.

Core endpoints d-0 d-7 d-14 d-21
Hind limb length - Yes Yes Yes
Staging - - Yes Yes
Whole body length - Yes Yes Yes
Body weight - - Y es* Yes
Thyroid size - - Yes* Yes
Thyroid histology - - Y es* Yes

Table 1: endpoints measured and time points.
*: endpoints measured at d-14 from a subset of test animals.
Exposure regime
20. Phase 1 experiments showed that the exposure regime (flow-through or static renewal) did not
affect much the results. However, participating laboratories in Phase 1 indicated that in order to standardize
test conditions, a flow-through system should be preferred in Phase 2.
Food type

21. Sera micron will be used by al participating laboratories in Phase 2; the amount needs to be
agreed to keep tadpole devel opment optimal under flow-through conditions.



Chemicals

22. The meeting participants proposed to use T4 as an agonist, IOP (iopanic acid) as an
monodeiodinase inhibitor and perchlorate as an inhibitor of iodine uptake. These three substances will be
tested in arange of 3 to 4 concentration levels. The issue of positive controls was addressed. Participants
felt that at this stage of the validation, positive controls (e.g. one PTU and one T4 concentrations) were not
needed nor useful as the selection of only one concentration of either of the chemicals would not contribute
to assessing the sengitivity range of the assay.

23. T4 concentrations will be identical to concentrations used in Phase 1 (0.25, 0.5, 1, 2 ug/l). For IOP
and Perchlorate, Joe Tietge and Robert Opitz will consult each other and make a proposal by the end of
August when the SOPs for Phase 2 are completed. Les Touart will check availability of IOP from the
chemical repository.

Whole body measurement
24, There are two options to take measures. snout-vent length and snout-tail length. It was

recommended to take both measures as it does not represent extra work. The information gathered will
then help in deciding which approach is best.

Thyroid histology

25. The fixative to be used is Davidson's; Joe Tietge will circulate the fixation protocol to Robert
Opitz for inclusion in the SOPs for Phase 2. Dissection of the whole head as per the US protocol will be
followed. Thomas Braunbeck will contact Japanese and American pathologists for an agreement on a
standard grading system for the evaluation of thyroid histology endpoints; there exist a mammalian

template which could be used as a basis for a guidance in thyroid histology. Thomas Braunbeck and Robert
Opitz will ensure that the final SOPs al so include sectioning techniques.

Lead laboratory
26. The USEPA Duluth laboratory will lead Phase 2 validation work.

Timeframe and action plan

Submission of standard operating procedures end of August
for Phase 2 to OECD Secretariat

Circulation to VM G-eco for comments and September to mid October
approval

Experimental part of Phase 2 November 2004 to June 2005
Thyroid histology June to September 2005
Draft Report October 2005




MEMBER COUNTRY ACTIVITIES*
Activities on the Amphibian Metamorphosis Assay

27. Australia has developed an assay using a native species. Lymnodynastes peronii. Xenopus laevis
being an exotic species for Australia, there are restrictions to its import and maintenance in the laboratory.
The “LYMA” (Lymnodynastes Metamorphosis Assay) system developed was tested using T4 and PTU in
the same concentration range asin Phase 1. Its sensitivity appears to be similar to the metamorphosis assay
using Xenopus laevis. However, if aTest Guideline was devel oped using Xenopus laevis, data generated by
such Test Guideline would be accepted and used in Australia.

28. Sweden conducted a Xenopus metamorphosis assay using Slurana tropicalis (also known as X.
tropicalis). The results show that the species is not so sensitive to PTU: development stage and hind limb
length was significantly affected at 50 mg/l PTU under semi-static exposure conditions. Refinements to the
assay, such as temperature adjustment and food availability, could enhance its sensitivity.

29. Japan informed the meeting of on-going activities on proteome anaysis of several organs (liver,
tail) from transgenic frogs exposed to thyroid hormones T3. Protein expression profile was also made for
tadpol es exposed to bisphenol A (BPA). Results show that BPA inhibits T3-induced tadpole tail regression.
Data on response of transgenic frogs exposed to T3, T4, TRIAC, and TETRAC was also presented.

30. The United States mentioned that they will aso work with S tropicalis in the future. Five
chemicals are being or will be tested using the Xenopus metamorphosis assay: Phenobarbital, methimazole,
pregnel one-16-al pha-carbonitrile, dexamethasone, PTU and T4. The results of this multi-chemical study
are expected to be circulated to the expert group by December 2004. The US is aso interested in protein
expression profiles.

Other country activities on Amphibians

31 Australia will compare the sensitivity of fish and amphibians towards estrogenic substances (17-8
estradiol) using a 60-d assay. Canada is trying to breed native species in captivity and plans higher tier-
tests using Rana pipiens, the Canadian delegate also mentioned comparative work with X. laevis and S.
tropicalis. France indicated the development of a micro-array on S. tropicalis. Japan is working on the
following topics. 1) developing a partial life-cycle test using Xenopus sp., 2) developing sex reversal test
using all ZZ-male tadpoles, 3) working on Xenopus receptor binding assay, 4) compiling an atlas database
and gene analysis using X. tropicalis and Rana sp., 5) gene analysis of giant sdlamander has started, 6)
Hiroshima University is now capable of providing X tropicalis for interested parties. The United Kingdom
informed the meeting of on-going research/ED on UK native species Bufo bufo and Rana temporaria, with
aview to develop a partia life-cycle test. The United States are currently drafting a Detailed Review Paper
on Amphibian growth and development. Also in the US, experimental work is under way on S. tropicalis
in atest starting with embryos and going until sexual maturity (6 months), flutamide is the test substance; a
report is expected at the end of the year 2004.

WORKSHARE ACTIVITY
32. The Secretariat reminded the Meeting of the database for work sharing on endocrine disrupters.

This database is located on the password protected website for the EDTA TF work. The database is
updated regularly with country submissions on testing plans, test method development plans, test results

! All presentations given at the meeting are posted on the meeting website.



and assessment reports. For instance, the XEMA report submitted by Germany has been posted there.
Participants are encouraged to submit documents that fit into one of the categories mentioned above, and
which arerelated to OECD projects (e.g. amphibian metamorphosis assay).

CLOSURE OF THE MEETING

33. The meeting was adjourned at 15:00 on Tuesday. Dates for the next meeting will be proposed
when sufficient progress in Phase 2 of the validation has been made. It is anticipated that it will take place
in the fourth quarter of 2005.
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ANNEX [

MEETING OF THE AD HOC EXPERT GROUP ON AMPHIBIAN TESTING

Held in OECD Headquarters, Chateau dela Muette, Paris on 28"-29" June 2004

AGENDA

Monday, 28" JUNE 2004

09h30 | OPENING AND INTRODUCTION TO THE MEETING
09h30 | Welcome and Opening

09h45 | Election of anew Co-Chair

09h55 | Adoption of the Agenda

10h00 | Purpose and objective of the meeting (Secretariat)

10h20 | RESULTSOF VALIDATION PHASE 1

10h20 | Presentationsfrom speakers:

Brief presentation of Hiroshima Meeting Report
Presentation of results from phase 1
Overview of pointsfor further discussion

11h00 - 11h30: Coffee Break

11h30

Discussion

Needs for final phase 1 report
Preliminary conclusions for phase 2

13h15 - 14h30: Lunch Break

14h30 | STATUSOF RELEVANT DETAILED REVIEW PAPERS

14h30 | Statusreport on preparation of the DRP on Thyroid Hormone Disruption Assays,
Coveringin vivo and in vitro M ethods and M echanisms of Action

15h00 | Final Draft of Detailed Review Paper on a Amphibian M etamor phosis Assay

Final comments received and corresponding response/ revisions;
Schedule for submission as an approved OECD DRP.

15h30 - 16h00: Coffee Break

16h00 | CURRENT MEMBER COUNTRIESACTIVITIESRELATED TO METAMORPHOSIS
ASSAYS
16h00 *  Work with transgenic test organisms.

Update on Swedish work with Xenopus tropicalis and Rana sp.
Development of a metamorphosis assay using Australian native species.

Work sharing activity (reference to the OECD ED WorkShare Database) as contribution
to co-ordination and avoidance of duplication.

18h00: Meeting adjournsfor the day




Tuesday, 29" JUNE 2004

09n00

PREPARATION OF VALIDATION PHASE 2 (incl. Coffee Break 10h15 — 10h45)

09n00

Further specification of protocol as needed

Approach for common histotechnical procedures and histopathological evaluation
Consideration of links to work in VMG-mammalian and VM G-non animal
Selection of test chemicals, arrangements with the chemical s repository

Interests and offers for participation

Action plan and time frame

12h15-13h30: Lunch Break

13h30

PERSPECTIVES, ACTIVITIESON AMPHIBIAN ENDOCRINE DISRUPTERS
TESTING BEYOND METAMORPHOSISASSAY S

13h30

Projectsin member countries/ on multi-national levels

Projects/studies on amphibian testing for endocrine disrupters, including reproduction
and devel opment

Further endocrine disrupters research activities on amphibiansin Japan (45 min)

15:00

Per spectivesfor futurework of OECD Expert Group on Amphibians Testing

15h30 Meeting adjourns
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ANNEX |11

List of action items agreed at the meeting and timelinesfor completion

Finalisation of Phase 1 report

Japanese lab (Ch.Sagoe / O.Tooi) to submit remaining histological results to German lab (R.
Opitz) by end of August 04; histological results will be appended to Phase 1 report;

R. Opitz/C.Schanné and J.Tietge/T.Springer to check at the statistical analysis (especially for
non-parametric data) in the July-August timeperiod,;

R. Opitz to consolidate Phase 1 report and submit it to the OECD Secretariat by end of
August 04;

OECD Secretariat (A. Gourmelon) to circulate the report to VMG-eco at the beginning of
September 2004 (VM G-eco meeting: 21-22 October 2004) for comments and approval;

Preparation of Phase 2 of the validation

Th. Braunbeck to look into the thyroid histology grading system, and based on the existing
template, propose a system to be used by pathologists in Phase 2; timeline: to be ready when
Phase 2 starts (November 2004);

R. Opitz and J. Tietge to check concentration range for IOP and Perchlorate in July 2004;

L. Touart to ensure that sufficient amounts of test substances are available for Phase 2
laboratories (October 2004, once we know how many labs in Phase 2);

J. Tietge to send the fixation protocol (Davidson's) to Robert Opitz for inclusion in the SOPs for
Phase 2, July 2004;

R. Opitz to revise the SOP for Phase 2 (IOP and Perchlorate concentrations and analytica
method, frequency of analytica measurements; whole body measurement methods, thyroid
fixation and sectioning) and to submit them to the Secretariat by end of August 2004;

OECD Secretariat to prepare the proposal to the VMG-eco for Phase 2 (rationale, SOP, list of
labs —call for additional labs, etc.) at the beginning of September, with arequest for comments,
if any, before the meeting in October.

Lead laboratory (J. Tietge) to ensure that template data sheets reflect the required measurements
before the start of Phase 2 (to be ready as soon as possible and no later than end of
October 2004); Lead laboratory to distribute the SOP to participating |aboratories and to address
technical questions from participating laboratories during Phase 2 experimenta work; lead
laboratory to collect test results from participating labs and perform the statistical analysis and
the drafting of preliminary report.
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Third Meeting of the Validaiton Management Group for Ecotoxicity Testing
OECD, 8-9 December 2004
M eeting Document 6

Note from the Secretariat:

This document contains the proposal for Phase 2 of the validation of the Amphibian Metamorphosis
Assay. The proposa was elaborated on the basis of conclusions reached in Phase 1 and discussions held at
the Second Meeting of the OECD Amphibian Expert Group, in June 2004.

The proposal was circulated for comments to the VM G-eco in September 2004. Comments received
arelisted in the table thereafter. Of particular interest are the comments that affect the proposed test design:

. Conflict on whether we should use a protocol starting at stage 51 or stage 54, based on
the assumption that a stage 51 protocol might be more sensitive to thyroid agonism;
. it is suggested to increase replicate number from 2 to 5 - this reduces the sample size

from 25 to 10 tadpoles per replicate, but does not affect the total number of animals
required nor a randomized sampling scheme. The statistical tests proposed would be
markedly improved in terms of power;

. Alternatively, it is suggested to i) either use more powerful step-wise tests (e.g.,
William's or Jonckheere-Terstra' s step-down test) which take into account the expected
direction of the effect, which are more powerful and biologically appropriate, instead of the
Dunnett’ s multiple comparison test; ii) or to treat individual specimen as the units of
analysis and ignore the replicate (can only be done for continuous data and under the
condition that the within-tank normality of datais satisfied);

. More appropriate statistical methods are proposed, such as the Shapiro-Wilk' s test for
the normality, and binomial or Chi2 procedures for quantal /non-continuous data such as
developmental stage.

The VMG isinvited to consider these comments and others listed in the table and advise on changes
needed to Phase 2 design before starting experimental work.



‘Allep painseaw Alieuo N

"T¢ fep uo painseaw ABojos1y ploJAy) pue yBiem B

"TZ pue ‘T ‘. shep Te painseaw yibus| quii puly ‘Yyibus| Apog ‘slers wewdopred

*ABojo1s Iy ploJAyl pue 1ybem M J0J painseaw ‘7T Aep e yuel Jod sojodpe) G 1o ajdwesgns "ulwy/|jw Gz ‘ubisep

ybnoJyi-mol4 *|0J3u00 JBIem uoin|ipe pue (/6 ¢ pue ‘T ‘g 'GZ" ‘0) SUOIJIUBOUOD 1S81 17 JO UJes Je sojodpe) Gz Jo syuel  :ubisad 191 ‘6T

juodnd
UsaJo) uyor

‘ubsap RIS LIBAXS UO UO1199S aY) Ul papinoid usxel aq 01 ydeoidde o1sI7RIS 8U) JO UOKSNISIP
Jo sisApeue jemod e aney 01 [nidpy aq plnom 1| 'sazis ajdwes pue ubsep [eluawl Lidxe ayl Jo) ajeuoirel ay |ewp 1ou ssop fesodoud ay L

U
37%H 01 uonippe ul Jo ade|d ul paJepIsSuod 8q URIS SYd eyl PusWILLIOID) PINOM | “paullLpRIep aq Aew A1isusp plo||0o ‘9/eM1jos SisAfeue
afew ! y1im uonoun(uod ul pue ‘JH Ueyl Sd Busn jueedde aiow alke Bulueis PIOJ0d Ul S9oURRLIQ "URS 1IYdS-pide dipolsed Jo asn
sa1InbaJ JUSIU0D PI0||02 anseaw 0] uaxel ydeoldde ayl (666T 'fe ® Jouuod.O) Sewurew ul Aliande eplolAyl-nue Jo JordIpul SAISUSS
B paWisap Usag Sey Yolym A1susp/iusiund pIo|jod SI passalppe 10U S1 eyl eale suQ 'edfe [eUOI103S-5S0.0 9[01|0) pue “eale (U0 1103555010
pue|f ‘ybBY |[B2 K [Nd1j|0} SSaIpPe 01 Bpew 8 ||IM SiuswsINseaw [ed1bojoyredorsiy aaieinuend 'siise fesodoid ay) 0 ‘A|ealyioads alo A

"aulpING 159] paziuow.ey
B Us1|ge1se 01 j020j04d fewundo ue Bunosses ul Siemsue eyl suonsanb alow Ylim 1ja] ag [[Im am eyl ‘pasodoud se spesooid g aseud J1 eyl
pouBIUOD We | HG abeis Jo TG abels e 1ess 01 Jene( aq pinom Aesse Aep 1T e JByeym Jo uonsanb ay) Jemsue A|eal 1,ussop 1| “UOSIOA
Rep Tz ay1 01 eep a|geredwiod sapinoid pue sAep 17T 01 pauslioys ag Ued [020104d TG abels ayl syeym ssssalppe esodoud g aseud ayl

‘8510,0%3 uoieziwndo Alorlode el
paseq |000104d TG afels e Uey) Joylel asnexa uolepieA AlorIoge|llul g aseyd e Joj [09010.d 16 afieis ay) Busn Jepisuod am puswuLLIods.
2J0PBY) p|nom | 'ssa00.4d uolepIRA 8yl JO uoe|dwod Mmo|e 01 Z aseud Ul Bep UBIDILNS 1091100 APANJISLS PINod am eyl adoy pnom
| "j1000104d 3Y1 Jo AlljIgIonpoadal eusb syl pue Aesse sisoydiowreiew H04) 8yl Jo Sseusngol syl sareisuowsp Apnis T aseyd ayl jodoyoud
TG abiels ay1 01 AlIANKUSS (IS B e SiSIuoBe Bunoalep Jo ajgqeded a1inb si |00010.d 15 afeis ay eyl areJisuowep BYRk. Ing uswnbre ay)
1oddns 10U op T aseud wioJjerep ayl pue (Juseas.d aiow Bu g sisiuobeiue ‘sisiuofe jueu iLLeIUOD [RIUSLLLIOIIAUS UMOUY Ou A|eal) sisiuole
umouy maj AlsA e Ajuo afe syl Ing ‘sisiuoBe Buneep o) BANISUSS alow , S1 11 eyl si TG afeis yiim Buluuibaq Joj juswnbie Asx ay L
"j00010.d TG afe1s ay1 y1im anunuod 0} esodoud g aseyd ayl Buisiopus A1jnoiliip swios anry | ‘uodal T aseyd ayi Jo uoireidieiul AW UsAID

Yd3asn
1/eno] sa1

SlulsWwIo)D

901N0S

‘Ressy sisoydiowee ) Ueiqiydwy sy Jo UoiiepiieA sy Jo g aseyd Joj jesodoid sy Uo paAiBaal Sjusliwo) T 9[0e L

9 1uBwWNooq Bulsa N

002 Bgquwedeq 6-8 ‘dd30
Bunsa] A1101x01003 Joj dnols) uswisbeue A uoiepIrR A 8yl Jo Bullsa | piiyL




€

BYBIY T2 suesw INg UesW [0JJUOD 8l WO} UsRIp Apueoljiubis ueslu UOIRUSOUOD SRIPSWIBIUl JO MO| B Se Uyons ‘arJousb
U91JO Spoyisw asimired ey) S310USISISU0JUI BY) Ssappe d Y [[IM SSAIRRUIB] R [P3JepI0 Lo paseq SN0 palleu S1S) UMOP-daIs ay) Jo asn ay L

""UOIT2JIUSJU0I YJea e Ydea sajodpel 0T JO Soledi|dal aAl) Jo ubsap aAlreuiel e 8yl Aq panoidwi Ajpaxew ag pnom
[[e pue uBisap UsAIB au) Jo) Jomod Mmo| aney 01 AR Il 3 ‘s Jleuun Buipnoul ‘sisa) duBwe.ed ayl Jo ||V "UOKIOA a|dwes able| plepuels
a1 01 9|gesepid aq pjnom 13e XIS Jo baiH 2014 SS Ul ajge|eAe Se yans ‘15a] elisdio | -8J6aU3ouor 8 JO UOISIBA 1JeX8 Ue ‘BWisyads 1ua1ind
aY) Jepun empep Jo A1oned syl UBAIS) “uoiyse) umopdals ul paldde [ ‘YoM pue ‘ByiAsiod-umolg eusdie ] -aJeapouor 1sa1 swel||IM
aJe saydeoidde yons Jo soidwexg -epeudoidde Ajeoibojoiq ajow pue [npemod aiow ale 13910 Jo uondalp pasedxe ayl arelodiodul
eyl spoyewl pue [eaiweyd 8yl JO UOITRUS2UOD 0] 1090SaJ UlIM auolouow ag 01 pajsadxe SI asuodsal ayl ‘sl eyl 'S109)Jje pasealoul
013514 aAI6 01 pe10adXe a.4e SUOITRIUBJU0D Pases.loul ‘A|feJjeuss) 'SWSIURYISW U8 JLIP 10 S[eIIWBYD U L}Ip Se yons ‘palep.un are sdnolb
JuBWIIRa.] 8yl YoIym ul sjuswiiedxe 10} a1ow paubisap Si 1 'sjuswiedxe ay) JO ainfeu asuodsal-asop 8yl JO 8sh OU Sayew 191 S ,11vuung

‘panoidwil
8g pnom saiuedoid [eosIeIS 8yl JO ||V 'GZ JO S9IedI|des OM) Uey) QT JO Safedl|dal SAl) OlUl UOIIeNUSoU0D Jed sajodpel 0G 8yl apIAIp
0]l o|geseeid Jej ag pINoMm 1| “|[ed 01 Je3|d AJUBIDILNS Bq ||IM SUOIRIOIA SSoUB Ajuo Ing ‘@igelaid Ajgeqoid are sjo|d syl 9|IymylLIom
Bueq Apfes Jo wiod ayl 01 Joxeam Usno ake Alusbomeley dJuUelRA 10 SISO] [PWIOH  Meam Joykd ake (jouod snid SuoIrIuaduod
aAnsod JN0J) SUOIRIUBIUOD BAIS JO YJed Joj Sjuswainseall 0M) Uo paseq Allfewlou Joy S1s9) ewlod  nydpy ag pnom 1eyo-moj)
[eonsiess e sdeyisd "palkels g pnoys snosusbosely J0 [ewlou-uou paipniale elep syl 1 8uop SI UM 'SIS91 [eulo) Jo S1nsal ayl ade|dal
10 8pLIBAO 01 pamo|fe aq pinoys (S101d fea-pue-weis ‘S101d-O0 ‘surelboisiy ‘s1o|deiras) s1o(d arudoidde uo paseq uswbpn( EoNSIERIS

"Ueall a1l |daJ e 0] UaAIb ybBem ayl BuiuiwBIep Ul UOIRIBPISU0D AJUO 3U] 10U S1aUo e 9ZIs a|jdwes ‘19e) U] 'SsSAjeue
3y ul paybem aq pnoys sueaw aedijdal syl ‘uswi Liedxe ay BuLnp 50| afe 1o a1p sajodpel swios pinoys sweyas bunyb iem arudo.dde
Ue yum ‘pazAeue sanea ayl ale sliun Buliduwes omy ayl Joj suesw ay) pue 1iun Buljduwes syl paepisuod Si amedlidal ayl ‘ApAiruRl|Y
‘Apusboepy aouellen J0 AJlIeWIOU JO JUBWSSSSSe pue Suesw Juswieal) Jo uosiedwod ayl ul wiel Jose »Bdoid ay) asn 01 usel
a( 1Shw a.1ed Uy} ‘s1eigns aidnjnw yiim yaes ‘ubsap SIY) Ul 9sed 8y} S1 Se ‘UoI4u80uod Yydes e Siusuodwiod souelieA a|dinw ae aey)
1l ‘peAojdwe ale sppow uossalbal aleym asodind Siy1 J0) pash ale Sppow UoIssalial e wod) Senpisal ayl 'sdnolb | wol) Senpsal
a1 Buljood ‘esodind siy Jo) pasn afe Y AONY 241 W04} S[enpisal ayl Ajensn ‘1xeiuod YAONY Ue U] ‘paule|dxe aq pjnoys Alieusbolepey
pue Allewliou alojdxe 0] pash afe eep eym ‘os|y ‘Aleusbomepy aouelieA 1o Allfewiou-uou apnjoucd 0) pasn Si pAs| aouedljiub s Jeym
0] Se UBAIB afeelid11id OU ‘0S| 1591 X |IM-0J1deys syl ‘A|[ed1310ads ‘pamo|fe aq pInoys Alifewlou Joj Sisa)] [ewlio) BYl0 Juswwo) ‘TS ‘05

"‘MOfe(q |elep Ul pessnasip
ale 859U Jo swos "ubsep pasodoid syl wiou) Ajeansiess pauleiep ag Ued leym Buipiefal anssi snolies aq 0] Jeadde ajey] 'pa1onpuod
s1 Apnis SIY1 a10jeq seedoid [eaNSIRIS 8yl aulweep 01 uoiknwis eIindwod Aq palojdxe aq pinoys pue pinod ubsap ayl ‘SeARlul
90UBP1JU0D BPIM pue sadeys U eLdUN Ul Buninsas ‘Buniiy aAIND J0J UOITRLLLIOUI palIWI| puUe S1Sa] omod Mo pRIA ||IMSIyl yibua| quii| puly
Jo Apog ‘ybiem em Jo4 ‘s Buljdwes ydes e uoirrnusouod Jad (je101 Jo Uesw yuel) siuiod elep 0Mm] aq [[IM 9841 SUesW SIY | :1UsWWoD

9 1uBWNooq Bulsa N

002 Bgquwedeq 6-8 ‘dd30
Bunsa] A1101x01003 Joj dnols) uswisbeue A uoiepIR A 8yl Jo Bullsa | pAiyL




14

[210] 8} JO INO JBquinu UeLRO ) elep [eiuenb [eoldAl ae aley elep feluswdopAsq ‘18l swel||IAN 10 1S8] Buung-aueyuwe | 8yl se yons
1591 3sIMm-0a1s |nJsemod aJow e Buish pauiweIep ag pnoys DJON Syl 1591 S |IM-0Jideys ay1 Ag paxoayo ag pinous AlljewoN “uswnoog
d0UepIN9 oSS aD30 1eiA 3y} JO UO[IepusWILLIodD) ay) Yiim aul| ul ybnolig aq pinoys spoyew [eaisies ay) ‘IS8 pue 0G§

‘eoNLD
SS9| S uomeol|dal Jood aeym ydeoidde uoissalbal B 0] YolIMys 0] — UOSeal JoAS0SIeyM Jo) 9|gelisap 10U |1 - Jo uoiedljdal ay) asealoul

0] PaJepsU02 8 PINOYS 1] “PapuUBIUl S1 DFON € JO uoifeuiwBIep 8yl yolym Ag Apnis e o} (sereolidal ¢) Jood si ubsep [eonsIess ay 62§

Auew o
9]y Iuo L

'suewiny 0] 1UeAs pJ a(q 01 Jou pa1daade [pm ybnoyie ‘(e nonsed uissew) skl ulese|diedAy plolAy) Jo wsiveyssw
uowiwiod A} e SISyl Se uoirepifeA ayl ul uosnioul Joy (jeligregousyd “63) paisabbns aq 19-4an JO Jeonpul Ue puswillodsl PINnom |

‘auowiioy plolAy1 aonpo.ud 01 pioJAyl syl Aq asuodsal Aloresuaduiod

B pue suowoy pIoJAy} Jo aoueres o paseatoul ul Buninsal (19-4an o uononpul '9'1) Sewiwew Ul Wsogelsw JoAl| 1991 e eyl seouesqns
01 9ANSUSS S| Aesse sIY) Jeyeym uo elep ou Siaeyl eyl palou Lodas Bunssw O30 BIkes Uy 'S1984 ploJAY) Jo) swsiveydsw Jo abuel
Jopeolq e Ylm Sediweyd 1591 JO XJe| 8yl SI Z aseud ul Ausnijep v |PM Se Sa1pnis ed 01 saljdde Tey) Juswiwiod [eansieIs-uou e Sisiy L
;JUBWILLIOY) [e BURD

"ol 3.2 1591 2 LW fed-uou syl BulA lepun suo ndwnsse
3yl aIns aq 0} paredlpul spoypw ayl Aq pazAreue aq 03 ake siulodpue feluswdopAsp YdIym INoge papsau Si [P euoiippe awos

"9|gedi|dde 10U a1e SjusuodLLIOD SoUR 1A PlepUE]S PUR SSU0dSa] SNoNU LoD
10U 3. 8591 9ou s ‘syulodpue eaIBo|oISIY pue ruswdopAep Jo) Ajnsnl 01 1nd14)Ip alow g ||Im ydeoidde ue yons ‘paljsies alke Alljewlou
MUel-UIYIIM 10} SUORIPU0D 8yl papinoid ‘efep 8yl Wwod) pafewnse aq Ued suauodwod aoueleA aidinw aouis ‘sasuodsal Snonuiuod 1oy
paJojdxe aq ued yaeoidde ue yons "polussaIdaIS LU SNOLIBS 3 LR Sasuodsal syl Jo AlljigelieA sy ‘ssIMiBYIO "|eWS S| aduelen aledljdal
-US9/MIBQ aU] pUe |[ews a.Je SUO IR 1100 aedi|dal-UIyliM 8y 1yl /a1 01 UoSeal S| aJey) I paJepisuod aq Ajuo pjnoys Siyl ‘amedljdal ayl
aJoubI pue sisAjeue JO 11UN aY) Se uswinads [enplIAIpUI 3yl Jea.l 01 SISUOIIPUOD WS Jopun a|gedi|dde aq Aew Tey) 81npadold aAeUBIe Uy

1811} 15914 e Iub s e Buiinba. INoyIm ased fewiou ay) Ul 1s91 S lvuung Jo uoiedljdde sy 01 snobofeue SISIYL *[04U0D 8Y) O} Ueaw
JUBLWIEa] ydes a1edwiod 01 e 0s Ajuo paljdde s1 1501 S .uung pepinoid 1591 s .uunq BulA|dde a10eq 1501 S1jRM- SN UedljIub s e a1inbal
0] UOSea) OU OS[e S1 8oy asuodsel-8sop suojouow pa1dadxe pue UBSep [eIuBW LIBAXS 8yl YlIM JUSISISU0D 810W 8q ||IM JBuuew umopdals
ul paljdde 101 eJ1SdIB | -9488UM0UOL 19eXe UY "S9Zis ajdwes |fews ayl 01 anp ‘UsAIB ubBsap 8yl 10} SSSPN[eA 1sowfe aq ||IM 181 S.uung

‘ubsap syl Aq paresoual aq ||IM Se SIBS BIRP |[eWwsS Yons J0) UaAa [nliemod Ajgqeuoseal pue elep paing LIsIp AjjewJou o1 paljdde
Usym usne npemod a1inb s1 1591 elise | -888UXouor UMOP-09IS 10exe 8yl *[041U0d 8yl WoJ} s P Apuediiiubis 10U a1e SUOFeJusdu0d

9 1uBWNooq Bulsa N

002 Bgquwedeq 6-8 ‘dd30
Bunsa] A1101x01003 Joj dnols) uswisbeue A uoiepIR A 8yl Jo Bullsa | pAiyL




‘Buidures Apfeam usyl 210w o) Se pInom YdIym saulppIinb Byio Aue [[edaJ 10u op | -, @eam Jod aduo,, 01 pabueyod ag pnoys GT abed ‘sny |
.M B 801 UBXR1 8( PNOUS Muel yJes Jo oM ainsodxe ay) Jo sojdwes,, :GT abed uo o
M Jad souQ :Ansiwey),, B|gel Jo wonog k 6 abed uo g

oM Jod aoU0 padwes aq pinoys Muel aedl|dal ydea wol) uoin|os 1s9) ;2 abed uo e pueezZ1ING

:Z 9seyd o) esodoud ayr Jo Buijdwes eanAeue syl Buipiebal uswiwiod Joulw e snlaney | 11Ny SueH
"usWi Liadxa
ay1 ybnoJyl ssseasoul ay] aredwiod 01 Jepio ul O Aep e pepuswILLOdIal aq pinom yibus| Apoq Jo uolreulwepp (ST abed) ¢ a|qel
"PepN|oUl 30 PINOYS WINIPSW 1591841 JO UoITes Lid1de.leyd pa|rpp e ‘(sainsodxe J1e1s)
S35e2 859) U] 'swinipaw ainsodxa e )Ip Ul JusellIp 89 PInod spunodwiod paisel 8yl Jo uolkepelfop Jo ueired ayl 01 anp ‘sainsodxe
OI1es J0J 1989 e ‘lueriodwil 89 pNoMm 1S9] SIY] JO UoIeSLiepuels e ‘Aesse aU 0] pasn ag Ued swinipaw 1591 Auew ybnouyl|y 1€ yde ibe red
', ISIX2 UoIrew.ojul
SIY1 90 'sndous X 10} J1X0] PaJepISUOD 10U afe eyl S 1ked 8say) JO S1iW| UOIIRIUSdUO0D 8yl Se |pM Se ‘sndoua X uo pasn aq pinod kyl
SJuaA|os fenualod Jo 1Sije aney 01 Bunsaselul ag PINOM 1| “JBIeM 3yl Ul Spunodwiod asay] JO UONN|OSSIP 8yl 9JNSSe 10U 0P SIUBA|CS INOYIIM
SwiRISAS YBnoayl-Mo|} ‘sased 8say) Ul pue ‘SIUSA|0S Pa11ied U0 PaA|0SSIp a( 0] paau spunodwiod aigoydoJpiy ayl Jo awios :0g-6¢ Syde ibe red
'SUO [I24JUB2U0D N0}
JO peaisul oM] Jo Jolde] e Ag pareledas SUOITRIIUSIUOD Al 1591 01 BB aq PInom 11 ‘ased fenaied syl Joj {punodwiod siyy o) D3VON
B US1|0e1se 01 Alue1ie0un ay) Sasealoul Jo1de) abse| siyl Jo uonoses ay) ebfe| 00] S1 SUOIRIUSUOD H3d Jo] ¢ Jo Jo1de)ayl /g yde ibe red

ureds

¢sndoua X Jo) Alisuaiul 1ybi| Jo abue. pepuswLLodal AUue alBy1aly T a9|0qeL SO |qed BUOIA

"(s9unpaooud 214D
Jo [elwouiq) sssuodsal eitenb o) paubsap Arenoned spoyew Buisn parenjess aq pnous pue (ebkels ukLed e Smous Sajodpe] paonpo.ul

9 1uBWNooq Bulsa N

002 Bgquwedeq 6-8 ‘dd30
Bunsa] A1101x01003 Joj dnols) uswisbeue A uoiepIR A 8yl Jo Bullsa | pAiyL




Third Meeting of the Validaiton Management Group for Ecotoxicity Testing
OECD, 8-9 December 2004
M eeting Document 6

PROPOSAL FOR PHASE 2 OF THE VALIDATION OF THE
AMPHIBIAN METAMORPHOSISASSAY
FOR THE DETECTION OF THYROID ACTIVE SUBTANCES

September 2004



Third Meeting of the Validaiton Management Group for Ecotoxicity Testing
OECD, 8-9 December 2004
M eeting Document 6

TABLE OF CONTENTS

SCOPE OF THE DOCUMENT ..ottt ettt 9
TEST ORGANISM ...ttt h bbb a bbb s b et beh e b e st b et s b et e b et et et e b et et et ebe e 9
OBJIECTIVE OF THE ASSAY ..ottt sttt ettt b ettt b ettt n e 9
BIOLOGICAL ENDPOINTS. ..ottt sttt sttt b et b e sb e b e e eb e s b e neebesbebenenbeneas 10
Apical Morphological ENAPOINTS ........ccoieiririiisiesieiee et 10
DEVE OPMENTAl STAGE. ... ..eeueeeeeteite ettt b b bt e et h bbb e e e e e e e e s b enas 10
HINA LMD LENGEN ...t 10
Thyroid Gland HiStOIOGY ........ccureririirierieieiee sttt b et nn b sn e s e e e ene s nne 10
Body Length and WEL WEIGNT...........oooieeee et 11
AdditioNal ODSEIVALIONS......cuiiieiiiteeieie ettt e s et e te e eseesteseeestesseensesteeneessesseesesseeneessesneessnssensens 12

F N o= O = o T 1RSSR 12
EQUIPMENT L.ttt bbb e bt £ bt e b b e bttt b et e bt 12
PRE-EXPOSURE PHASE ...ttt bttt b et s bt n et 13
TEST INITIAITION AND CONDUCT ...ttt ss e 13
Selection of EXperimental ANIMAIS...........ooiiieiiiiee et re e e e re e nas 15

S L= et Lo gl O ] (= g - VSO TSSRRPRN 15

W g T g'= I = TaTo | T T SR 15
General EXPErimental DESIQN ........ccceiieiieie ettt sttt s e e s e ae st e e ae e besbe et e ae e e e e reeneennas 15
LIS RS T 1S = 1 =SOSR 16
EXPOSUre System ChalraClEiStICS ........cveeeieieieeiesieste ettt nn e 16
TESEMEUIUM PrOPEITIES ...ttt b ettt b b b n e n e s e e e e enenneene st 17
FOEAING ...t bbb e R R R R R R R e R R R R e n e nenrens 17
Determination of BiologiCal ENCPOINLS..........ccuiiiiiiiiieieieieesie et 17
DAY 7 MEASUIBITIENES .......eeeeeieeee st ettt st e s st s e e e s ne s e e e e e s resae e r e s me e e e s e e emeesresreennenreennenes 18

DAY 14 MEASUIEIMENES ......eeiiiteeee sttt r e e et e s r e s he e s r e sae e e e sme e e e s r e emeesrenreennesnesnnenes 18

Day 14 Subsampling Of TESE ANIMEIS .........ooiiiriiiieieeee e 18

Day 21 Measurements (Test TErMINGLION) ........coiiiririeieieeee st 19
Additional OBSEIVALIONS.......cc.iiieiiiieese ettt te e st e stesseeeesteeneeseesaeeneesaeeneenes 19
Histopathological Analysis of Thyroid Gland ............ccceoiieeiiieeie s e 20
ANAIYLICAl CHEMISIIY ...t te et et e s ae et e s be e e e s besaeesbesreensesaeeanestesneesaesreennens 20

M easurements of Physico-Chemical ParameterS..........ccoovieeiiiecieiicee ettt 20
REPORTING REQUIREMENTS ...ttt 20

STATISTICS. . e e r e e E e s R e e e e R sae e sr s ae e nr e r e nenrenen s 20



Third Meeting of the Validation Management Group for Ecotoxicity Testing
OECD, 8-9 December 2004
M eeting Document 6

REFERENGCES...... .ottt sttt be e e e e s e seeseetesae st et e e e neeseeseasenbesee s e e eneeneenenrennas 20
ANNEXES

Annex 1 Breeding of X. laevisin the Laboratory

Annex 2 Recommendationsfor Analytical Chemistry Methods

Annex 3 Digital Length M easuring System

Annex 4 Histological Analysis of Thyroid Gland



Third Meeting of the Validation Management Group for Ecotoxicity Testing
OECD, 8-9 December 2004
M eeting Document 6

SCOPE OF THE DOCUMENT

1. This document contains a proposal for Phase 2 of the Validation of the Amphibian Metamorphosis
Assay for the detection of thyroid active substances. It has been prepared by the participating laboratories in
Phase 1, in conjunction with the ad hoc Expert Group on Amphibian Testing, following completion of Phase
1 and release of the draft report of Phase 1 (OECD, 2004a). The proposal outlines further experimental work,
including standard operating procedures, to be conducted in Phase 2. The scientific basis of this assay and an
extensive literature review are presented in a Detailed Review Paper on Amphibian Metamorphosis Assay
(OECD, 2004b), thereby limiting the present document to the description of experimental procedures and
possible outcome of Phase 2.

2. The Validation Management Group for Ecotoxicity Testing is invited to i) review the proposal, in
particular the objective of the assay, the chemicals suggested as reference substances, the endpoints
measurement and timepoints and the statistical approach, ii) make comments or approve the proposal asis,
before 22 October 2004. Comments should also be made in light of prior discussion on the purpose of the
bioassay (OECD, 2003a; OECD, 2003b, OECD, 2004c).

TIMELINESAND ACTION PLAN

3. Once this proposal is approved and any potentia issue solved at the end of October 2004,
participating laboratories will be able to start Phase 2 experimental work. The schedule of experimental work
foresees completion in June 2005. Thyroid histology will be performed during the July-August period. A
draft report should become available in October 2005.

4, The Secretariat canvassed participants to the ad hoc Expert Group on Amphibian Testing last June
and it appears that 6 laboratories can join Phase 2. These laboratories are located in Germany (1), Japan (1),
Switzerland (1), the United Kingdom (1) and the United States (2). A Lead laboratory has been identified in
the United States.

TEST ORGANISM

5. The Metamorphosis Assay uses tadpoles of the South African clawed frog Xenopus laevis. The test
can be performed with animals bred in the laboratory or with tadpoles obtained from commercia suppliers
(e.g. Nasco in the USA). The tadpoles used in this test should be derived from a healthy brood stock.

OBJECTIVE OF THE ASSAY

6. The primary objective of the Amphibian Metamorphosis Assay is the evaluation of thyroid system-
disrupting activities of individua test compound. The postembryonic development (metamorphosis) of
Xenopus laevis and the regulatory role played by thyroid hormones (TH) during this process are well
characterized. Metamorphic development is dependent on a functional hypothal mus-pituitary-thyroid axis.
Inhibitory effects on TH synthesis and antagonistic effects on TH action lead to retarded metamorphic
development. Moreover, metamorphosis can be precociously induced and/or accelerated by treatment with
TH. The fact that X. laevis tadpoles respond differently to agonists and antagonists of the thyroid system
provides the rationale for using this developmental process as a biological model to screen for thyroid
system-disrupting chemicals. In the assay, exposure of X. laevis tadpoles is initiated at developmenta stage
51 and is continued for atotal of 21 days. A sub-sampling of 5 tadpoles per treatment tank is performed at
exposure day 14 for collection of head tissue for thyroid gland histopathol ogy.

7. Tadpoles are exposed to at least 4 different concentrations of a test substance and a dilution water
control. During the exposure period, apical morphological endpoints (developmental stage, hind limb length,
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whole body length) are assessed for treatment-related deviations from normal development and histological
analysis of thyroid gland tissue is conducted with head tissue samples taken from test organisms. Chemical
exposure is via the agueous route achieved using a flow-through exposure regime.

TEST CHEMICALS

8. The proposed chemicals for the Phase 2 will be T4, sodium perchlorate (PER) and iopanoic acid
(I10P). All three compounds are currently considered as potential reference compounds to be used in
validation studies of endocrine-related tests where the thyroid system is atarget. T4 is the native prohormone
and is used as a reference compound for agonist activity on the thyroid system. T4 was already used for
effects on metamorphosis and thyroid system function during Phase 1. PER is a well-known inhibitor of
iodine uptake by the thyroid gland and has been shown to retard metamorphosis in X. laevis tadpoles
(Goleman et al., 2002a, 2002b; unpublished data from the US and GER lab). IOP is an inhibitor of al
monodeiodinases, enzymes which catalyze the metabolism of TH in peripheral tissues (Becker et al., 1997).
Therefore, IOP is used as a reference compound for modulation of peripheral TH action. I1OP is expected to
enhance TH action in tissues that are normally protected from TH by expression of type |1l monodei odinase
(e.g., tail) while this compound may block TH action in tissues that require efficient conversion of T4 to T3
(e.g., hind limbs).

BIOLOGICAL ENDPOINTS
Apical Morphological Endpoints

0. The primary apical morphological endpoints to assess possible effects of the test substances on
metamorphic development are the developmental stage of the tadpoles and the length of the hind limbs.

Developmental stage

10. The developmental stage of X. laevis tadpoles can easily be determined by using the staging criteria
of Nieuwkoop and Faber (1994). The metamorphosis assay is designed to detect both agonistic and
antagonistic effects on the thyroid system. Anti-thyroidal compounds are expected to retard metamorphic
development, resulting in earlier developmental stages compared to untreated controls. On the other hand,
TH agonists may cause enhanced metamorphic development resulting in more advanced developmental
stages compared to untreated controls.

Hind Limb Length

11. Differentiation and growth of the hind limbs are under control of thyroid hormones and are major
developmental landmarks already used in the determination of developmental stage (Section 4.1). THs exert
stimulatory effects on hind limb morphogenesis, consistent with metamorphic development of other tissues.
Hind limb development is used qualitatively in the determination of developmental stage, but is considered
here as a quantitative endpoint. Therefore, hind limb length is measured as an additional endpoint to detect
effects on the thyroid axis.

Thyroid Gland Histology

12. While developmental stage and hind limb length are important endpoints to evaluate exposure-
related changes in metamorphic development, developmental delay cannot, by itself, be considered a
diagnostic indicator of anti-thyroidal activity. Thisis based on the following two facts. First, some chemicals
likely exigt that may retard development through other modes of toxicity not related to perturbation of
thyroid function. Second, recent studies demonstrate that normal development can still occur when a partial
inhibition of TH synthesis is present. This suggests that some level of TH synthesis inhibition can be
overcome by the compensatory mechanisms of the hypothalamic-pituitary-thyroid axis, resulting in effects
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on the thyroid gland that are observable by routine histopathological analysis. These are not mgjor
considerations when working with model test chemicals with known modes of thyroid toxicity. However,
when assessing the effects of chemicals during the screening process, it is important to consider these
potential problems, as it is reasonable to assume that some chemicals exist which exhibit thyroid-disrupting
potencies below those of the commonly used model chemicals (ie, methimazole, perchlorate, PTU).
Therefore, histological analysis of the thyroid is a necessary endpoint that improves the diagnostic capability
of the assay. The utility of thyroid histology is based, in part, on the well-established facts that inhibition of
normal thyroid function (i.e., reduced circulating T3/T4 levels) results in an increase in TSH release by the
pituitary. The thyroid gland responds to TSH stimulation by increasing synthetic activity, which is manifest
at the histological level as follicular cell hypertrophy and hyperplasia and eventualy thyroid gland
hypertrophy. In addition to the compensatory responses of the thyroid gland to TSH, differential
histopathological effects can also be observed which may be related to the mechanism of toxicity of the test
chemical. Exposure to perchlorate, for example, an inhibitor of thyroidal iodide uptake, results in different
histopathological effects than PTU, an inhibitor of thyroid peroxidase activity. These observations add to the
potential diagnostic contribution of this endpoint.

Body Length and Wet Weight

13. Determinations of body length and wet weight are included in the test protocol to assess possible
effects of test substances on the growth rate of tadpoles in comparison to the control group. Although
measurements of tadpole wet weight may provide a more precise estimation of tadpole growth, weight
determinations during the course of the experiments are technically much more difficult. Compared to length
measurements, the removal of adherent water for weight determinations would cause more stressful
conditions for tadpoles and may cause skin damage. Therefore, wet weight measurements are only
performed at test termination (day 21) and for a subsample of test organisms terminally sampled at day 14.

14. There are two different approaches to assess tadpole growth by means of body length measurements:
measurement of snout-vent length or whole body length (see Figure 1). The issue of which of these two body
length measurements should be used was not fully resolved in the Phase 1 validation exercise. Therefore, for
Phase 2 of test protocol development, it is proposed to determine both length parameters in order to produce
a solid database for a comparison of both endpoints concerning their utility to reflect changes in tadpole
growth.

hil |E|'Igth : St 56 —fLat.
hind limb
whole body length > length

Figure 1 Snout-vent length (A), whole body length (A) and hind limb length (B) in Xenopus laevis tadpoles
(Nieuwkoop and Faber, 1994).

15. Disruption of thyroid system function does not necessarily affect tadpole growth. Exposure to T4
hastens devel opment which results in reduced organism weights through two mechanisms. First, the normal
period of growth that occurs in pre- and pro-metamorphic larvae is reduced upon exposure to T4, so the
ultimate weight of the larvae is typically reduced. Second, there is a normal loss of weight throughout

11
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metamorphic climax in control animals and this weight loss is accelerated commensurate with the advanced
development associated with exogenous T4 exposure. Exposure to TH synthesis inhibitors, on the other
hand, prevents the larvae from experiencing the normal weight loss associated with climax and they continue
to grow as prometamorphic animals and can reach extraordinary weights. Consequently, an analysis of
growth by either length or weight requires some interpretation. For example, reduced growth rates in the
absence of developmental effects provide an indication of toxic effects of atest compound.

Additional Observations

16. All test tanks are checked daily for dead tadpoles and the numbers are recorded. Mortality rates
exceeding 5 % may indicate inappropriate test conditions or toxic effects of the test materials. Mortality was
completely absent in untreated control groups during the experiments of validation Phasel. Further
measurements of non-specific toxicity could be incorporated into this test protocol, including the monitoring
of tadpoles for abnormal behaviour (e.g. uncoordinated swimming, loss of equilibrium, hyperventilation,
atypical quiescence, non feeding) or developmental anomalies (e.g. limb deformities, etc.). Such effects,
although difficult to quantify can aid in the interpretation of test results by providing some information on
general toxic effects of the test substances. However, at this stage of the evaluation process, no distinct
criteria for a qualitative and quantitative assessment of possible morphological or behavioral abnormalities
are provided.

Analytical Chemistry

17. Comparability among studies conducted by different laboratories is dependent on verifying test
concentrations by analytical chemistry methods. Appropriate methods for the test substances mentioned
above are recommended in Annex 2 and a sampling scheme must be developed based on the
physicochemical properties of the compound. Test solution from each replicate tank at each concentration
should be sampled for analytical chemistry once per week once the test is running. More frequent sampling
is recommended during setting up the system (i.e., before day O, at day 0 and within the first week of
exposure). In addition, it is recommended that stock solutions be analyzed when they are changed, especialy
if the duration of the stock solution volume does not encompass the routine sampling. In the case of
chemical's which cannot be detected at some or all of the concentrations used in the test, stock solutions must
be measured and system flow rates must be recorded and used to calculate nomina concentrations. Also,
prior to conducting a study, the stability of the compound on test should be evaluated using existing
information on its degradability, volatility, etc.

EQUIPMENT

The following equipment is needed:

. flow-through equipment (description see below)

. glass vessel s (description see below)

. aquarium heaters (adjustable to 22+1°C)

. thermometer (preferably a recording thermometer measuring temperature minima and maxima)
. binocular dissection microscope

. digital camerawith at least 4 mega pixel resolution and micro function

. image analyzing software (description see Annex 3)

. transparent plastic chamber of an approximate size of 80 x 30 x 15 mm

. pH meter, oxygen meter, balance

. devices to scoop tadpoles out of the tanks (preferably a small strainer with arather rigid mesh)
. various glassware (beakers, graduated flasks, graduated cylinders, Erlenmeyer flasks etc.)

. adjustabl e pipettes, disposable micropipettes (1000 L), graduated pipettes (5 mL, 10 mL, 20 mL)

12
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PRE-EXPOSURE PHASE

18. The pre-exposure phase should be started with tadpoles at developmental stages 44/45. If tadpoles
are purchased from commercial suppliers, it is recommended to ship them at stages 44/45. If |aboratory-bred
animals are used for the assay, recommendations for raising tadpoles to stages 44/45 are summarized in
Annex 1 of this document. It is recommended to raise approximately 400 tadpoles until test initiation, since
at least 250 tadpoles of stage 51 are required for initiation of exposure. During the pre-exposure phase,
tadpoles should be acclimated to the conditions of the actua exposure phase. This includes mainly the type
of food, temperature, light-dark cycle and the culture medium. If a static culture system is used for
maintaining tadpoles during the pre-exposure phase, the culture medium should be replaced completely at
least twice per week. Crowding effects caused by high larval densities during the pre-exposure period should
be avoided because such effects could markedly affect tadpole development during the subsequent testing
phase. Therefore, the rearing density should be adjusted to approximately 40 tadpoles per 10 L culture
medium (static culture system) or 30 tadpoles per 4 L culture medium (flow through culture system). Under
these conditions, tadpoles should develop from stages 44/45 to stage 51 within 7-12 days. Representative
tadpoles of this stock population should be inspected daily for developmental stage in order to estimate the
developmental stage of the stock population and to identify the appropriate time point for initiation of
exposure.

TEST INITIATION AND CONDUCT

19. The critical parameters of the test are summarized in Table 1 and are discussed in more detail below.

Table 1. Summary of test parametersfor validation of Amphibian M etamor phosis Assay (Phase 2)
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Test animal Xenopus laevis
. Exposure from stage 51 for 21 days *
Exposure period * (subsampling of 5 tadpoles per replicate tank at day 14)
Criteria for  selecting test | Primary criterion will be developmental stage, however
individuals further exclusion criteria based on total length are optional
T4 0.25, 0.5, 1.0, 2.0 (1g/l
Concentration of test
substance PER 8, 32, 125, 500 pg/l  (or 65, 125, 250, 500 ug/L)
IOP 0.75, 1.5, 3.0, 6.0 mg/Il
Exposureregime Flow-through design with 25 mL/min
Developmental stage Day 0, 14, and 21
Body length Day 7,14 and 21
Hind limb length Day 7,14 and 21
Endpoints and determination D *
: ay 21 (and subsample at
Mortality Daily observation
- Day 21  * (and subsample at
Thyroid histology day 14)
Control One dilution water control
: 25 tadpoles per tank  * (subsampling of 5 tadpoles per tank
Larval density at day 14)
Volume of test medium 4 L with minimum water depth of 10 to 15 cm
Test medium Localy available and appropriate water demonstrated to
promote normal growth and development
Replication 2 replicates per test concentration
Acceptable mortality rate < 5% in controls
Number 5 individuals per tank (randomly selected)
Fixation Region head
Fixation fluid Davidson’s Fixative
_ Food Seramicron
Feeding . X - ;
Freguency/amount at least twice a day, quantity adjusted with age of tadpoles
o Photoperiod 12 hr light: 12 hr dark
Lighting :
Intensity To be measured at water surface
Water temperature 22+1°C
pH 6.5-8.0
Dissolved oxygen concentration Above 40% of the air saturation value
Chemistry Once aweek
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Selection of Experimental Animals
Selection Criteria

20. All tadpoles that are used as test organisms should be derived from the same spawn. The exposure
phase of the test is initiated with stage51 tadpoles that have been raised from stage 44/45 under the
conditions described in the section “Pre-exposure conditions’. The developmental stage is determined
according to the staging criteria of Nieuwkoop and Faber (1994). In addition to the developmental stage
selection, it is recommended to perform a size selection of the experimental animals. For this purpose, the
whole body length should be measured at day O for a sub-sample of approximately 20 stage 51-tadpoles.
After calculation of the mean whole body length for this group of animals, minimum and maximum limits
for the whole body length of experimental animals can be set by allowing a range of the mean value +3 mm
(mean values of whole body length ranged between 24.0 and 28.1 mm for stage 51 tadpoles in experiments
conducted during Phase 1 of the validation). Tadpoles that exhibit grosdy visible malformations or damages
(e.g. damage of thetail) are excluded from the assay.

Animal Handling

21. The exposure is initiated when a sufficient number of tadpoles in the stock population have reached
developmental stage 51 according to Nieuwkoop and Faber (1994). For selection of test animals, all heathy
and overtly normal looking tadpoles of the stock population should be pooled in asingle vessel containing an
appropriate volume of dilution water. For developmental stage determination, tadpoles are then individually
removed from the pooling tank by scooping with asmall strainer (rigid mesh) and transferred to a transparent
measurement chamber (approximate size 80 x 30 x 15 mm) containing a few mL of dilution water. The
experience gained during previous experimental work indicate that it is not required to anesthetize the
tadpoles for stage determination but animals should be carefully handled during this transfer in order to
minimize handling stress and to avoid any injury.

22. The developmental stage of the animals is determined by using a binocular dissection microscope. In
order to reduce the ultimate variability in developmental stage, it is important that this staging is conducted
as accurately as possible. According to Nieuwkoop and Faber (1994), the primary developmental landmark
for selecting stage 51 organisms is hind limb morphology. The morphological characteristics of the hind
limbs should be examined at 15 to 20-fold magnification. Because the morphological appearance of the hind
limbs at stage 51 differs markedly from the limb morphology at stages 50 and 52, only little experience is
needed to correctly distinguish the different stages of the tadpoles.

23. If an additional size selection based on whole body length is performed, stage 51 tadpoles are
individually placed on a glass board (150 x 150 mm) and a dorsal view image showing the entire tadpole is
captured using a digital camera (for further details see Annex 3 of this document).

24, Tadpoles that meet the stage and length criteria described above are collected in groups of five
animals in small vessels (e.g., glass pots or beakers containing 1L of dilution water), that have been
randomly assigned to test vessels and labeled accordingly. Groups of five animals are repeatedly transferred
to al glass pots until each vessel contains 25 tadpoles. Each pot is then inspected for animals with abnormal
appearance (injuries or abnormal swimming behavior). Overtly unhealthy looking tadpoles are removed from
the pots and replaced with larvae that are newly selected from the pooling tank. The exposure phase of the
test is initiated by gently decanting the contents of each glass pot (containing a nominal of 25 tadpoles) into
each of the test vessels.

General Experimental Design

25. The general experimenta design is that tadpoles are exposed to at least 4 different concentrations of
the test chemical (n=2 replicates per concentration) and a dilution water control (n=2 replicates). Larval
density at test initiation is 25 tadpoles per test tank for al treatment groups. The treatment tanks are
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randomly assigned to a position in the flow-through exposure system in order to account for possible
variationsin temperature and light intensity.

Test Substances

26. The substances used in testing during validation Phase 2 include thyroxine (T4; CAS # 51-48-9),
sodium perchlorate (PER; CAS # 7791-07-3) and iopanoic acid (I0OP; CAS # 96-83-3). The rationale for the
selection of these substances is explained in the final report of Phase 1 validation work. Test concentrations
were selected according to the following considerations:

. test concentrations must not reflect concentrations likely to be encountered in the environment
(lower tier screening assay);

. a least three of the four test concentrations should represent sublethal concentrations (based on
results from preliminary work conducted in laboratories participating in validation Phase 1);

. concentrations should span a concentration range that would allow to observe graded responses of
the selected endpoints in order to validate endpoint measurements and to compare endpoint sensitivities
(based on results from preliminary work conducted in laboratories participating in validation Phase 1);

27. Thetest concentrations proposed for validation Phase 2 are as follows:
. T4 (ug/L): 0.25, 0.5, 1.0, 20
. PER (ug/L): 8, 32, 128, 512
. IOP (ug/L): 750, 1500, 3000, 6000

28. Note that test concentrations for T4 and IOP are separated by a factor of 2 whereas test
concentrations for PER are separated by a factor of 4. The higher dilution factor proposed for use in PER
exposure studies is based on results from previous work performed in the US lab. The separation factor of 4
was selected to incorporate treatment levels which are expected to produce significant effects on al
endpoints while ensuring that at least one treatment level is below the no-observed adverse effect
concentration (NOAEC).

Exposure System Char acteristics

29. All exposures shall be conducted using flow-through methods. There are two reasons for using flow-
through methods. The first is that water quality is easier to maintain within a range that promotes normal
growth and development. While X. laevis is more adaptable to varying water quality than other species and
they are known to thrive in static conditions, flow-through systems are till valuable to eliminate waste
products and replenish dissolved oxygen concentrations depleted by chemical and/or biological oxygen
demand. More importantly, however, flow-through systems ensure that an efficacious exposure is
administered. Severa factors can conspire to prevent an efficacious exposure, including chemical losses to
hydrolysis, photolysis, volatility, adsorption to surfaces, and biological degradation. Furthermore, relatively
hydrophobic chemicals may be mass-limited in a static renewal system. Most of these problems can be
overcome by use of flow through-methods, although knowledge of the physicochemical properties of the
compound isimportant in judging the success of an exposure.

30. Numerous methods have been used to achieve flow-through exposures and several laboratories have
systems that are custom built. Therefore, it is not useful to proscribe the system itself (ie, hardware), but to
specify the performance of the system. In genera, such systems should have water-contact components of
glass, stainless stedl, and Teflon. However, suitable plastics can be utilized if they do not compromise the
study. Exposure tanks should be glass aquaria (with approximate measurements of 22.5 x 14.0 x 16.5 cm
deep) equipped with standpipes that result in an actual tank volume of 4.0 L. The flow rate to each tank shall
be 25 ml/minute. Fluorescent lamps should be used to provide a photoperiod of 12 hr light: 12 hr dark. Stock
solutions should be dissolved in dilution water without the use of carrier solvents and dispensed to the water
distribution system in a manner that meets the range of concentrations stipulated for the test.
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Test Medium Properties

31. At the current state of knowledge, it is not possible to exactly define the range of appropriate
physico-chemical characteristics of the water used for preparation of test solutions. Any water that is locally
available (e.g. springwater or charcoal -filtered tap water) and permits normal growth and development of
X. laevis tadpoles could be used. Because local water quality can differ substantially from one area to
another, anaysis of water quality should be undertaken, particularly, if historical data on the utility of the
water for raising Xenopus is not available. Special attention should be given that the water is free of copper,
chlorine and chloramines, all of which are toxic to frogs and tadpoles. It is further recommended to analyze
the water concerning background levels of iodine, perchlorate and chlorate (by-product of drinking water
disinfection) as al of these anions are substrates of the iodine transporter of the thyroid gland and elevated
levels of each of these anions may confound the study outcome.

Feeding

32. Tadpoles are efficient filter feeders and a variety of diets have been used for Xenopus tadpoles raised
in the laboratory (Dawson et al., 1992; Hilken et al., 1995; Kay and Peng, 1992; Schultz and Dawson, 2003).
Although different types of food have been successfully used in experiments of validation Phasel, a
standardization of tadpole feeding regimes is proposed to minimize inter-laboratory differences in basal
tadpol e growth and development during validation Phase 2.

33. During the entire test period of 21 days, tadpoles are fed daily with Sera Micron® (Sera GmbH,
Heinsberg, Germany), a commercially available tadpole food that has been shown to support proper growth
and development of X. laevis tadpoles. Sera Micron is a fine particulate that stays suspended in the water
column for a long period of time and hence, it is subject to washing out with the flow. Therefore, the total
daily amount of food should be divided into smaller portions, which are given 2 to 3 times per day. A tota
daily food ration of 600 mg Sera Micron per tank is recommended for the first days of exposure. During the
course of the experiments, the total daily food ration should be increased to accommodate tadpole growth.
Feeding rates are recorded to alow for a further optimization of feeding regimes in subsequent validation
studies.

34. The food can be given to the tanks as dry food. Alternatively, a stock solution of Sera Micron
(density of 10 g/L) can be prepared in dilution water. Such a stock solution should be freshly prepared every
other day.

Determination of Biological Endpoints

35. During the exposure phase of 21 days, determination of selected endpoints is performed on days 7,
14 and 21 of exposure. These time points were selected to collect data about the relationship between
exposure duration and endpoint sensitivity. Such data are required to determine the minimum test duration
that allows for a sensitive detection of the effects of the three test substances which represent different modes
of action. Table 2 provides an overview on the proposed measurement endpoints and the corresponding
observation time points.
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Table 2. Observation time points for selected endpoints

day O day 7 day 14 day 21

apical endpoints

- stage + + +
- hind limb length + + +
- body length (+)? + + +
- body weight +* +
thyroid gland size +* +
thyroid gland histology +* +

Note: ?determination of body length is optional for size selection of test animals
* endpoints are only measured for a subset of 5 animals per treatment tank

Day 7 Measurements

36. For day 7 determinations of hind limb length and whole body length, all tadpoles are removed from
each test tank by scooping with a small strainer and transferred into a small vessel (e.g., beaker or glass pot,
filled with 1L of the corresponding test solution) that has been assigned to each test tank and labeled
accordingly. Experimental animals should be carefully handled during this transfer in order to minimize
stress and to avoid any injury of the tadpoles. It is not necessary to anaesthetize the tadpoles for the
following measurement procedures. Tadpoles are then individually placed on a glass board (150 x 150 mm)
and aventra view image showing the entire tadpol e is captured using a digital camera (for further details see
Annex 3 of this document). After these measurements, tadpoles are gently decanted from the glass board
back into the test tanks.

Day 14 Measurements

37. For day 14 determinations of developmental stage, all tadpoles are removed from each test tank by
scooping with a small strainer and transferred into a small vessel (e.g., beaker or glass pot, filled with 1 L of
the corresponding test solution) that has been assigned to each test tank and labeled accordingly. Tadpoles
are then individually transferred into a transparent chamber of an approximate size of 80 x 30 x 15 mm
containing a few mL of test solution. Experimenta animals should be carefully handled during this transfer
in order to minimize stress and to avoid any injury of the tadpoles. It is not necessary to anaesthetize the
tadpoles for the foll owing measurement procedures.

38. The developmental stage of al test animals is determined according to the staging criteria of
Nieuwkoop and Faber (1994) by using a binocular dissection microscope (15 to 20-fold magnification). For
day 14 determinations of developmental stage, specia emphasis should be given to the morphologica
characteristics of the hind and fore limbs.

39. For snout-vent, whole body and hind limb length measurements, the tadpole is placed on a glass
board (150 x 150 mm) and a dorsal view image showing the entire tadpole is captured using a digital camera
(for further details see Annex 3 of this document). After these measurements, tadpoles are gently decanted
from the glass board back into the test tanks.

Day 14 Subsampling of Test Animals

40. During the apical endpoint measurements at day 14, atotal of 5 tadpoles are randomly selected from
each treatment tank for subsequent histopathological analysis of the thyroid gland. For randomization, a
random number generator should be used to select 5 numbers from the numbers 1-25. The tadpoles
corresponding to these 5 numbers are then selected for sub-sampling during performing the endpoint
measurements.
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41. The selected tadpoles are anesthetized in 2000 mg/L MS-222 (tricaine methanesulfonate). Tadpoles
are rinsed in water and blotted dry followed by body weight determination to the nearest milligram.
Thereafter, tadpoles are decapitated behind the eyes. Dissected head tissue samples containing the lower jaw
are placed in Davidson's fixative for 48 hours. Preservation and processing of tissue samples for histology
are described in Annex 4.

Day 21 Measurements (Test Termination)

42. At test termination (day 21), adl tadpoles are removed from the test tanks and are anesthetized in
2000 mg/L MS-222 (tricaine methanesulfonate). Tadpoles are rinsed in water and blotted dry followed by
body weight determination to the nearest milligram. Developmental stage, body and hind limb lengths are
determined for each tadpole as described above for day 14 measurements.

43. During the apical endpoint measurements at day 21, atotal of 5 tadpoles are randomly selected from
each treatment tank for subsequent histopathological analysis of the thyroid gland. For randomization, a
random number generator should be used to select 5 numbers from the numbers 1-20. The tadpoles
corresponding to these 5 numbers are then selected for head tissue sampling for thyroid gland
histopathology.

44, Dissected head tissue samples containing the lower jaw are placed in Davidson's fixative for
48 hours. Preservation and processing of tissue samples for histology are described in Annex 4.

Figure 2. Schematic diagram showing the rostrocaudal level of the disconnection line for dissection of head
tissue.

Additional Observations

45, All test tanks are checked daily for dead tadpoles and the numbers are recorded for each tank. Dead
animals are removed from the test tank as soon as observed. Further cases of abnormal behaviour (e.g.
uncoordinated swimming, hyperventilation, atypical quiescence, non feeding) and grosdy visible
malformation (e.g. limb deformities, etc.) should be recorded.
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Histopathological Analysis of Thyroid Gland

46. Tissue samples for thyroid gland histopathology are collected from test animals at day 14
(subsampling) and day 21 (test termination). At both time points, 5 tadpoles are randomly selected from each
test tank and head tissue is dissected. Tissue samples are placed in Davidson’s fixative for 48 hours. The
methodologica aspects of dissection, preservation and processing of tissue samples for histopathology are
explained in Annex 4.

Analytical Chemistry

47. Samples of the exposure water of each test tank should be taken twice a week for verification of test
concentrations by analytical chemistry methods. Recommendations for analytical methods to be used during
validation Phase 2 are provided in Annex 2 of this document.

M easur ements of Physico-Chemical Parameters

48. Water temperature (22+1°C), pH (6.5-8.0) and dissolved oxygen concentration (> 40% of the air
saturation value) in the test tanks should be checked at least every other day.

REPORTING REQUIREMENTS

49, Each participating laboratory should record and provide the raw data to the lead laboratory for
centralised statistical analysis. A standard Excel spreadsheet will be provided by the lead laboratory for the
reporting of results.

STATISTICS

50. Data sets from body length, hind limb length, and wet weight measurements are analyzed for normal
distribution (Kolmogorov-Smirnov-test) and homogeneity of variance (Levene-test). For normally
distributed data, Dunnett’s test should be used to compare data from the control group to al other treatment
groups. Data that are not normally distributed, should be analyzed by using the non-parametric Kruskal-
Wallis test followed by Dunn’s multiple comparison test to compare data from the control group to all other
treatment groups.

51. Calculation of mean values is not a meaningful method for developmental stage data. Therefore,
only non-parametric methods should be considered for statistical analysis of these data. The Kruskal-Wallis
test should be used to determine whether significant differences exist between the developmental stage
compositions of the different treatment groups and, if indicated, Dunn’s multiple comparison test should be
used for comparisons with the control group. Differences in growth and developmental indices between
treatments are considered significant at the level of p<0.05.
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Annex 1. Breeding of Xenopus laevisin the Laboratory

Adult Breeding Animals

Details on holding the brood stock under satisfactory conditions can be found in the literature
concerned with the performance of the FETAX test (Bantle, 1995; Bantle et al., 1998) or other publications
related to general culture and care of adult X. laevis (Dawson et al., 1992; Hilken et al., 1995; Hilken et al.,
1997; Kay and Peng, 1992; Schultz and Dawson, 2003).

Induction of Spawning

Spawning of adult X. laevis should be induced approximately 14 days prior to the intended initiation
of the assay. After fertilization, the exact time period for tadpoles to develop to stage 51 can be variable
depending on laboratory conditions. Under controlled animal husbandry, larvae typically hatch within 3 days
and develop to stage 51 within 14 to 16 days of spawning. Spawning of adult X. laevis is induced by
injecting human chorionic gonadotropin (hCG) into the dorsal lymph sac of male and female adult frogs as
described by Bantle et al. (1998). For the induction of spawning, a hCG stock solution with a concentration
of 200 U/100 pL is freshly prepared immediately before injection. A recommended schedule to induce
mating is that two adult males are injected in the morning with 200 uL of hCG stock solution. After
injection, the males are separated and placed in two 60 L tanks filled with 40 L of culture medium at
22+1°C. These breeding tanks are aerated with airstones and covered with a sturdy lid to keep the animals
under low light conditions. In order to protect the laid eggs from the parent animals, a spawning grate, held a
few centimeters off the bottom, is placed into the breeding tanks so that spawned eggs will fall through the
mesh to the bottom of the tank. Approximately 10 to 12 hours after the first injection, the males receive a
second injection of 200 uL hCG stock solution. At the same time, two female adults are injected with 500 L
hCG stock solution. One male and one female are placed together in a breeding tank to go into amplexus.
The breeding pairs are |eft to breed overnight under low light conditions and any disturbance of the breeding
pairs should be avoided during this time. Normally, the eggs are laid during the night. The next morning, the
adult frogs are removed from the breeding tank. Adult frogs should not be bred more frequently than every 3
months. Breeding males and females should appear healthy and free of abnormalities or injuries. Only adult
frogs that have not been treated for diseases during the past 4 weeks should be used for breeding. The
number of eggs per spawn under optimal laboratory conditions generally ranges from 500 to more than
2,000. Under the test conditions described here, 200 tadpoles are required for each test trial. However, it is
recommended to simultaneously induce breeding in two adult pairsin order to ensure an appropriate humber
of fertilized eggs and hatched larvae. All tadpoles used in atest should be from the same spawn.

Raising of X. laevisLarvaein the Laboratory to Stages 44/45

Eggs and devel oping tadpoles are reared at 22+1°C and pH 6.5-8.0 during all phases of development.
The light-dark cycleis 12:12 hours. The same water should be used as culture medium for eggs and tadpoles
during the pre-exposure phase and as dilution water for preparation of test medium during the exposure
phase. After spawning, eggs and developing tadpoles can be maintained in large holding tanks (e.g. 60 L
tanks) containing approximately 40 L of culture medium. If static culture conditions are used during the pre-
exposure phase, aeration of the tanks by airstones is required. Tadpoles hatch within 3 days of spawning.
Feeding of tadpoles starts when they reach the free-swimming state at day 5 post-fertilization. Tadpoles are
fed daily. The total daily food ration depends on the culture system (static renewal or flow-through) used for
raising X. laevis tadpoles during the pre-exposure phase. If a static culture system (rearing density:
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40 tadpoles per 10 L culture medium) is used, the total daily food ration should be approximately 300 mg /
tank. Under flow through conditions, higher daily feeding rates of SeraMicron are needed because
SeraMicron is a fine particulate that stays suspended in the water column for a long period of time and is
subject to washing out with the flow, resulting in reduced availability. Therefore, atotal daily food ration of
400 to 600 mg SeraMicron per tank is recommended for flow-through systems. It is recommended that small
portions of food are added to the tanks 2 or 3 times per day.
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Annex 2 Digital Length Measuring System

I ntroduction

The conventional method of length measurements in tadpolesis by calipers. However, this
methodology could be inaccurate and particularly for hind limb length almost impossible, especialy at
premetamorphic stages. Computer software analysis of digital images has been successfully applied in
diverse biologica research (Johnson et a., 2001; Machado-Silvaet a., 2000; Merris et ., 2003), and is
fairly accurate. This SOP describes how to measure tadpole body length and hind limb length using digital
systems.

Equipment

« Digital camerawith micro function (e.g. Canon, EOS 10D, 4 mega pixels)

* Remote switch (e.g. Canon, RS-80N3)

e Anglefinder (e.g. Canon, ANGLE FINDER C)

e Lens(eg. Canon, Macro Photo Lens MP-E 65 mm F2.8 1-5x)

e Lighting system (e.g. LEICA, CLS 150X)

e Glassboard (15 cmx 15 cm)

* Image analysis software (e.g. Image Prol] Plus Version 4.0, Media Cybernetics, U.S.A.)

li Tadpole

e | ¢—— Glassboard

<« Light

<«4— Digital camera
«4— Anglefinder

| |4— Stand

Fig.2. System schematic

Fig.1. Camera setup

Setup and photographing

1. Attach the glass board to the stand.
2. Attach the camerato the stand such that the lens faces upward and under the glass board (see Figure
2).
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Adjust the light under the glass board.

Attach the remote switch and the angle finder to the camera (Figure 1).

Wet the glass board dlightly and place carefully the tadpol e on the wet glass such that the ventral
side faces the cameralens.

6. Switch onlamp so that it illuminates the tadpole from below.

7. Adjust the focus such that the hind limbs are in full view and take a series of photographs.

S

Image analysis

1 Download the images from the camera to a computer. Use an appropriate image-analyzing software
for analysis of the digital images (e.g. Image-Pro Plus).

2. Select the best images for measurements of the body length and the hind limb length, respectively.

3. For body length measurements, locate the tip of the snout, the end of the vent and the tip of the tail.

Draw two lines, one from the tip of the snout to the end of the vent (snout-vent length) and another
from the tip of the snout to thetip of the tail (whole body length).

4, For hind limb length measurements, locate the shining gold-colored part of the abdomen where the
limb attaches to the abdomen, and draw alineright to the tip of the limb (Figure 3A).

5. If the limb is bent draw the line from that part of the abdomen to the knee joint (Figure 3B). Click
and create a node at the knee joint, and continue drawing the line al the way to the tip of the limb
(Figure 3B).

6. Calculate the limb length accordingly.

Fig. 3A Fig. 3B
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Annex 3 Analytical Methodsfor Perchlorate, lopanoic Acid and Thyroxine (Jog, could you
please check the symbolsused for concentrations and flow rates, | think the original symbols

got lost or have been replaced by other curious symbols)

The following sections describe the methodology for analyses of water samples as used in previous
experimental work by the US lab. There are certainly other viable methods for detection of perchlorate
(PER), thyroxine (T4) and iopanoic acid (IOP) in aqueous samples. A brief list summarizing various recent
publications dealing with analytical methods for the three substances is added to this section. For perchlorate,
the method of choice is certainly ion chromatography because of its sensitivity (Ellington and Evans, 2000;
Jackson et al., 2000). Information about suitable methods for IOP analysis is scarce (Andegjani et al., 1994,
Jones, 1994). Analysis of low T4 concentrations in water samples may require solid phase extraction
followed by HPLC, LC-MS/MS, GC-MS or direct measurements of T4 by means of radioimmunoassays
(Burman et al., 1981; De Brabandere et al., 1998; Tai et al., 2002; Thienpont et al., 1994; Van Blerk et al.,
1996).

Recommendationsfor Perchlorate Water Analyses (US EPA)

Perchlorate was analyzed in agueous samples using a sensitive ion chromatographic method
(Jackson et a. 2000; U.S. EPA 1999). Water samples (20 ml) were collected from the exposure chambers,
placed into pre-cleaned 30 ml HDPE bottles and stored at 4 [1C (holding time, 28 d). At the time of analysis,
water samples were warmed to room temperature, diluted if necessary with deionized water, placed into 5 ml
polyvias and closed with filter-caps. Water samples were analyzed using a Dionex ion chromatography
system (Sunnyvale, CA). Anion separation was performed by injecting an aliquot of sample (1000 (I for 10
to 400 g/l or 100 [l for 250 to 5000 [1g/l) into a Dionex lonPac AS16 (250 x 4.0 mm) analytical column
equipped with an AG16 (50 x 4.0 mm) guard column. The column was eluted isocratically with 50 mM
NaOH solution at a flow rate of 1.0 ml/min. Perchlorate was detected by suppressed conductivity detection
using a Dionex ASRS®-ULTRA suppressor, operated at 300 mA in the external water mode. The run time
for each injection was 20 min. and the perchlorate retention time was 13.3 min. Data were collected with
Dionex Peaknet software and perchlorate concentrations were determined using the external standard method
of quantification with a 7 point linear calibration curve. Routine quality assurance analyses (e.g., blanks,
matrix spikes and duplicate samples) were conducted with each sample set.
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lopanoic Acid (IOP) Water Analysis

Aniopanoic acid (IOP) analytica stock solution was prepared by dissolving 10 mg of 10P into 10 ml
of ethanol (i.e., I0OP stock concentration of 1000 [1g/ml). Analytical cdibration standards (0.01, 0.05, 0.1,
0.5, 1.0, 5.0 and 10.0 [1g IOP/ml) were prepared by diluting the stock solution into 50% acetronitrile:50%
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water.

Water samples (1 ml) were removed from the exposure chambers (0, 0.023, 0.094, 0.375, 1.5 and 6
[1g 10P/ml), placed into HPLC vials and crimp-sedled. The samples were immediately analyzed using a
Beckman HPLC system. An aliquot of sample (100 (1) was injected directly into a Hypersil ODS, C18, 5 ]
(250 x 4.6 mm) analytical column (Alltech Associates, Deerfield, IL, USA). The column was eluted at 1.5
ml/min with mobile phase A (10% acetonitrile:90% water) and mobile phase B (80% acetonitrile:20% water)
under isocratic conditions (10%A:90%B, equivalent to 73% acetonitrile). 10P was detected by diode-array
detection at 231 nm. Data were collected using Beckman HPLC software and IOP concentrations were
determined using the external standard method of quantification with a 7 point linear calibration curve.
Routine quality assurance analyses (i.e., blanks, matrix spikes, duplicate samples) were conducted with each
sample set.

Thyroxine (T4) Water Analysisby HPLC-ICP-M S

Water samples (i.e., 25 or 50 ml) were collected from the exposure chambers (0, 0.25, 0.5, 1.0, 2.0,
4.0 ng T4/ml) and placed into amber bottles. The samples were acidified with concentrated phosphoric acid
(i.e., 0.5 ml HsPO, added to 25 ml H,O) and immediately concentrated by processing through solid phase
extraction (SPE). Briefly, 3-ml (60 mg) Strata X SPE columns (Phenomenex, Torrance, CA) fitted with 50-
ml reservairs, were conditioned with 2- ml methanol and rinsed with 5-ml deionized water. The sample was
then applied to the column under vacuum (5 mm Hg). Following sample addition, the column was washed
with 2- ml of 5 % methanol in phosphate buffer (10 mM, pH 3) and dried for 30 s under full vacuum. T4
was sowly eluted from the column under vacuum (1 mm Hg) with six 0.5-ml aliquots of methanol. The
eluate was evaporated, using nitrogen and a heated water bath (37 [1C), to a known volume (i.e., 0.5 or 1.0
ml). The concentrated extracts were mixed with a vortex mixer and then sonicated in a water bath for 10
min. The methanol extracts were stored in the refrigerator for approximately 3 to 4 weeks prior to
instrumental analysis.

At the time of T4 analysis, the SPE methanol extracts were removed from the refrigerator and
sonicated for 5 min. An aliquot (100 (1) of the methanol extract was removed and placed into an amber
HPLC via containing a microinsert. An equa volume (100 1) of phosphate buffer (10 mM, pH 3) was
added to the vial and the contents were mixed. The samples were then analyzed by HPLC-ICP-MS. For
initial analyte separation, an Agilent 1100 series HPLC system (Wilmington, DE) was used. The HPLC
system was equipped with a thermostatically controlled autosampler set at 41C. An aliquot of sample (125
Ul) wasinjected directly into a Synergi Hydro RP, 4 (1, (50 x 2.0 mm) column (Phenomenex, Torrance, CA)
that was maintained at 23 [JC. T4 was separated at a flow rate of 0.25 ml/min using a binary gradient
program (Table 1) of mobile phase A, phosphate buffer (10 mM, pH 3) and methanol (50:50 v/v) and mobile
phase B, phosphate buffer (10 mM, pH 3) and methanol (10:90 v/v). The total run time per sample was 30
min. The HPLC column effluent was connected to a high pressure micro-splitter valve (UpChruch
Scientific, Oak Harbor, WA) where it was mixed with a post column reagent (10 % HNO3:90 % H,0)
delivered from an isocratic pump at 0.55 ml/min. The post column reagent was used to reduce the methanol
concentration introduced into the ICP-MS (Michalke et a. 2000). The combined HPLC effluent and post
column reagent (combined flow of 0.80 mi/min) was connected directly to the nebulizer of a Varian
UltraMass ICP-M S system (Mulgrave, Victoria, Austraia) for subsegquent iodine detection.

The ICP-MS was equipped with a Sturman-Masters spray chamber and a demountable torch with a small
bore (0.8 mm i.d.) injector tube. The plasma, auxiliary and nebulizer argon gas flow rates were 15.5 L/min,
1.20 L/min and 0.80 L/min, respectively. The ICP-MS was operated in the time resolved mode and iodine
was determined at m/z of 127 with a scan time of 100 msec. The time resolved data was imported into
GRAMS/32 Al (version 6.00) chromatography software (Thermo Galactic, Salem, NH) for chromatogram
generation, peak smoothing and integration. Microsoft Excel 97 (Redmond, WA) was then used to
determine iodine concentrations (i.e., ng I/ml) for T4 using the externa standard method of quantification
with a 6 point linear calibration curve (i.e., 2.5, 5, 10, 20, 40, 60 ng I/ml). lodine concentrations were
converted and reported as concentrations of T4 (ngT4/ml). The recovery of T4 in the spiked water samples
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was 83.9 % 3.0 (n=4).

Tablel. T4 HPLC Gradient Conditions

Time (min) %A’ %B* Flow (ml/min)
0.0 99 1 0.25
0.3 99 1 0.25
0.31 1 99 0.25
16.0 1 99 0.25
16.01 99 1 0.25
30.0 99 1 0.25

" Mobile phase A, phosphate buffer (10 mM, pH 3) and methanol (50:50 v/v)
2 Mobile phase B, phosphate buffer (10 mM, pH 3) and methanol (10:90 v/v)
Reference
Michalke, B., P. Schramel and H. Witte. 2000. Method developments for iodine speciation by reversed-
phase liquid chromatography-1CP-M S Spectrometry. Biol. Trace Element Res. 78, 67-79.
Additional T4 Information
L-Thyroxine (T4) free acid form
ClSH11|4NOA
CAS Number: [51-48-9]
Vendor: Sigma
Order Number: T2376
FW of T4: 776.9
FW of 4l: 507.5
Prepare T4 anaytical superstock at 153 [1g T4/ml (100 (g I/ml) in 50 mM NaCOs (pH 11)
Prepare T4 anaytical secondary stock at 15.3 [1g T4/ml (10 (g I/ml) in 50 mM Na,CO; (pH 11)
Store T4 analytical stocksin teflon bottles and keep refrigerated (stocks stable for several months)
On the day of HPLC-ICP-MS analysis, prepare HPLC calibration standards (2.5 to 60 ng I/ml) by diluting
T4 secondary stock with a solution of phosphate buffer (10 mM, pH 3) and methanol (50:50 v/v).
Thyroxine (T4) Analysisby HPLC-DAD

Mobile Phase A: phosphate buffer (10 mM, pH 3) and methanol (99:1, v/v)
Mobile Phase B: phosphate buffer (10 mM, pH 3) and methanol (50:50, v/v)

Gradient Time Table

Time (min) %B Flow (ml/min)
0.00 15 0.45
1.00 25 0.45
8.00 100 0.45
35.00 100 0.45
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40.00 15 0.45
45.00 15 0.45

Diode-array wave length: 210 nm

Spectral data: store all in peak (collect from 190 nm to 400 nm)

Analytical column: Synergi Hydro RP, 4 1 (50 x 3.0 mm)

Injection volume: 110 (J]

Column Temperature: 23 [1C

Autosampler Temperature: 4 [1C

T4 Calibration Range: 230 ng/ml to 930 ng/ml in phosphate buffer (10 mM, pH 3) and methanol (92:8, v/v)
T4 retention time: 28.4 min
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Annex 4 Histological Analysis of Thyroid Gland

Results from validation Phase 1 showed that histological analysis of the thyroid gland represents one
of the most sensitive endpoints of the assay for the detection of anti-thyroidal activities of test chemicals.
Different protocols for histologica analysis have been used by the participating laboratories during
validation Phase 1. For Phase 2 of validation, tissue processing procedures are standardized and a structured
assessment scheme will be developed to ensure sensitivity and consistency of histopathological evaluations
among different laboratories. In addition, morphometric techniques (optional measurements) will be further
optimized. In particular, the endpoint selection for quantitative measurements was refined based on the
effects pattern observed in validation Phase 1.

Tissue Sampling

Tissue samples for histopathological analysis of the thyroid gland are collected at two time points
during the exposure experiments. At day 14 of exposure, a subsample of 5 randomly selected tadpoles per
treatment tank will be analyzed for histological changes in the thyroid gland. At test termination (day 21),
another 5 tadpoles from each treatment tank will be randomly selected for thyroid gland histopathology. At
both exposure time points, selected tadpoles are anesthetized in 2000 mg/L MS-222. Tadpoles are then
rinsed in water and blotted dry for determination of body weight, developmental stage, body length and hind
limb length.

After apical endpoint measurements, head tissue including the lower jaw will be dissected as
follows. Joe, could you please describe your methodology of decapitation and the location of the cut. You
can also use the Figure 2 which | provided in the main SOP portion to locate the site where the cut will be
made.

Fixation and preservation of tissuesfor histological analysis

The dissected tissue samples are placed immediately in Davidson's fixative solution for 48 hours.
After fixation, tissue samples are briefly rinsed in water and are stored in neutral buffered formalin (4%
formaldehyde) until further processing.

Dehydration and embedding of tissues

For the preparation of transversal sections of head tissue for light microscopy, head tissue samples
are placed into tissue prep cassettes appropriate to the size of the sample. Tissues are then dehydrated in a
graded a cohal series and are embedded in paraffin. The tissue samples will be embedded in the frontal plane
in a manner that allows the cauda surface of the tissues to be microtomed first. A routine protocol for
dehydration and embedding is provided below.

1 80% EtOH 60 min room temperature
2. 80% EtOH 60 min room temperature
3. 90% EtOH 60 min room temperature
4, 90% EtOH 60 min room temperature
5. 96% EtOH 60 min room temperature
6. 96% EtOH 60 min room temperature
7. 100% isopropanol 60 min room temperature
8. 100% isopropanol 60 min room temperature
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10.
11.
12.
13.
14.

15.

methyl benzoate 60 min room temperature

methyl benzoate 12 hours room temperature
methyl benzoate 3 hours room temperature
paraffin | 3 hours 57°C

paraffin I 12 hours 57°C

Samples are placed into embedding molds containing fresh molten paraplast and arranged in proper
position

Samples are placed onto a cold plate (ensure that the tissue is kept in right position when the wax
solidifies). After embedding in paraffin, the samples can be stored at room temperature until
microtoming.

Microtoming and Staining

The head samples are sectioned in a transverse plane from caudal to rostral to obtain sections of 5 or

7 um thickness. Initialy, five step sections (30 microns apart) are taken from each block, and two seria
sections of each step are placed on each of five dides. These dlides are examined to assure that a sufficient
amount of thyroid tissue is present bilateraly in at least two of the step sections. If necessary to meet these
criteria, additiona step sections should be cut from the block. When thyroid tissue is verified in each dide
preparation, the dides are stained with hematoxylin and eosin and the sections are covered with glass cover
glips. A routine protocol for staining is provided below.

Harris Hematoxylin and Eosin Y staining

CoNOOR~WNE

18.

orange terpene 3x5min

100% isopropanole 2x5min
96% EtOH 3x3min
90% EtOH 3x3min
80% EtOH 3x3min
70% EtOH 3x3min
H,O 2min
hematoxylin 15 min
running H,O 10 min
0.1% eosin Y 3 min
H,O short
70% EtOH short
80% EtOH short
90% EtOH short
96% EtOH 1 min
100% isopropanole 2x5min
orange terpene 3x5min

To coverdip, add afew drops Permount (DePeX, Serva) per dide and then carefully place cover dip

before the Permount dries. Allow the Permount to harden overnight.

Histological Analysis

Qualitative Analysis

Two of the step sections from each animal are selected for evaluation of the following parameters:

Overal size of the thyroid gland (reduction, increase)

Follicle size (reduction, increase)

Follicle shape (regular, irregular, uniform)

Colloid content (increase or reduction in colloid area; absence of colloid)

Colloid density (homogeneous or heterogeneous tinctoral quality; pale, lacy, or granular colloid;
peripheral vacuolation of colloid)
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. Follicular cell shape (cuboidal, columnar, tall)

. Follicular cdll height (increase, reduction)

. Structure of the epithelium (single cell layer or stratification resulting in multiple layers, papillary
infoldings of the epithelial cell layer into the lumen)

. Follicular cell hyperplasia

The changes are graded from 1 to 5 depending upon severity (1=minimal, 2=dlight/mild, 3=moderate,
4=moderately severe, 5=severe/high). Non-gradable changes are designated as present (P).

A standardized and structured assessment scheme based on the endpoints mentioned above is currently
developed and will be provided to al participants before the experimental portion of Phase 2 validation work
begins.

Quantitative M easur ements (Optional Endpoint M easur ements)

Epithelial cell height
Photographs of sections from the right thyroid gland should be taken by high-power microscopes
(magnification: 200x — 1000x) equipped with adigital camera. The height of the epithelial cells from base to
apex should be measured on the digitized images (obtained at a magnification of at least x 250) using an
image analyzing software after calibration of the recording system by a calibration slide.

. Epithelial cell height measurements are taken from 10 randomly chosen individuals per treatment
group.

. For each specimen, 5 sections are analyzed.

. For each section, 3follicles of the right thyroid gland are randomly selected. However,

measurements should be taken from follicles that are predominated by a single epithelia cell layer in order to
avoid measurement errors due to compression of epithelial cellsin stratified regions.

. For each follicle, the height of 4 epithelia cells is recorded. For a selected follicle, it is
recommended to take measurements on the opposite ends of two diameters intersecting at an angle of 90°.
. This measurement strategy leads to 60 values of the epithelial cell height per individual. The mean

value for epithelial cell height is calculated for each specimen and is used in statistical evaluation of
differences among treatment groups (n=10).

Thyroid gland — cross section area
For each treatment group, 10 tadpoles (5 tadpoles per replicate tank) are selected. Locate and select the
largest cross section, usually found around the middle of section series. The area is compared with the
adjacent sections to confirm the largest section. The outline of the largest section is then mapped, and the
cross section area calculated using an image analyzing software after calibration of the recording system by a
calibration dlide. The maximum value of thyroid gland cross section area measured for each specimen is used
in statistical evaluation of differences among treatment groups (n=10).

Follicle— cross section area
For each treatment group, 10 tadpoles (5 tadpoles per replicate tank) are selected. Using the largest section
selected from above as the reference point, select the five serial sections before and after the largest section.
This gives atotal of 11 sections. The cross section area of each follicle in all the selected sections is then
measured. For each section, the maximum follicle cross section area is determined. The mean value for
maximum follicle cross section area is calculated for each specimen and this value is used in dtatistical
evaluation of differences among treatment groups (n=10).
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