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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 stage 54 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 a total 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
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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

» 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



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

(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
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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
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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 | o) 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
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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| N93% | 82r6x 1 BBTE |0 1330
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+ 7956
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 | enst | e | Sere | 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% | 906r | 9.2 0,0, 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.
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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.
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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;

71



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

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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ANNEXES

Annex 1. Overview of Test Conditions and Histological Methods Used the
Participating Laboratories
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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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