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Literature Search and Analysis 
 
A literature search was conducted to identify published literature with evidence of NMDR for 
thyroid endpoints.  This search was based on an ongoing (10+ year) literature review by one of 
the authors (KC).  Starting from the list of references in Brucker-Davis (1998), other references 
were identified from additional review papers (Table C.1).  PubMed searches were also 
conducted using the list of key words provided in Table C.2.  Finally, further additions to the 
chemical list and references provided by Dr. Pamela Hurley, Office of Pesticides Program, US 
EPA and Dr. Theo Colbourn, World WildLife Fund (personal communications).  The end result 
was 1256 publications for evaluation as to their relevance for the present effort. 
 

Table C.1.  Sources of information for references on thyroid disrupting chemicals 
Source Description 

Gaitan and Cooksey (1989) 
 

Review of environmental goitrogens, with 40 chemicals and 45 
references 

Mcconnell (1992) 
 

Review of 342 2 yr NCI/NTP Cancer Bioassay for thyroid effects 

Atterwill et al. (1992) Review of over 50 drugs and chemicals with 88 references 

Brucker-Davis (1998) 
 

Published review of 381 references for over 90 chemicals  

Devito et al. (1999) Review of screening methods to detect thyroid dysfunction, 108 
references 

Hurley et al. (1998) Table of 29 pesticides found to alter the structure or function of 
thyroid 

Howdeshell (2002) 
 

Review of impact of thyroid disruption on brain development, 116 
chemicals and 184 references.  

Boas et al. (2006) 
 

Review of environmental chemicals and thyroid function, 153 
references 

Köhrle (2008) 
 

Review of environmental chemicals and thyroid, 79 references 

Pickford (2010) Comparison of rodent and amphibian assays for detection of thyroid 
disruption, 36 chemicals and 185 references 

Colborn 
(personal communications) 

Reference list of 1436 publications (contains original Brucker-Davis 
list) 

Crofton 
(personal communications) 

Personal reference library of ~1200 references for over 400 
pharmaceuticals, pesticides, and industrial chemicals.  

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=758145
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1443738
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1442463
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1443724
http://hero.epa.gov/index.cfm?action=search.view&reference_id=758145
http://hero.epa.gov/index.cfm?action=search.view&reference_id=51023
http://hero.epa.gov/index.cfm?action=search.view&reference_id=22367
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1442722
http://hero.epa.gov/index.cfm?action=search.view&reference_id=197134
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1409473
http://hero.epa.gov/index.cfm?action=search.view&reference_id=758097
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Table C.2. List of key words used for searching literature for thyroid disrupting chemicals.  
Thyroid  
Hypothyroidism 
Hypothyroxinemia 
Hyperthyroidism 
Hyperthyroxinemia 
Thyroid dysgenesis 
Thyrotoxicosis 
Thyroid neoplasms 
Thyroid follicular tumors 
Thyroiditis 
Follicular cell size/shape 
Thyroid lumen size/area  
Diiodothyronines 
Diiodotyrosine 
Monoiodotyrosine 
Thyroid Hormones 
Thyronines 
Thyrotropin 
Thyroxine(T4) 
Triiodothyronine (T3) 
Triiodothyronine, Reverse 
Thyroid stimulating hormone (TSH) 
Thyrotropin releasing hormone 

(TRH) 

Receptors, Thyroid Hormone 
Thyroid Hormone Receptors alpha 
Thyroid Hormone Receptors beta 
Thyrotropin-Releasing Hormone 

Receptor 
Pregnane X receptor (PXR; NR1I2) 

   
Constitutive androstane receptor 

(CAR; NR1I3)   
Sodium iodine symporter (NIS)  
Iodine uptake   
Iodine uptake inhibition   
Peroxidases 
Thyroperoxidase (TPO) 
Lactoperoxidase 
Iodine peroxidase  
Thyroglobulin 
Deiodinases (Type I, Ii, III) 
Iodothyronine deiodinases 
 

Transthyretin (TTR)   
Thyroid binding globulin (TBG)  
             
Uridine diphosphoglucurono 

syltransferases (UGTs)  
Sultfotransferases (SULTs) 

    
Phase III Hepatic cellular 

transporters  
Organic anion-transporting 

polypeptides (OATPs)  
Monocarboxylate transporters 

(MCTs) 
Pendrin 
   
Metamorphosis    
frog tail length    
frog hind limb growth 
 
Male pubertal assay 
Female pubertal assay 
OECD 407 
Extended F1 Study 

 

Information on chemical names, doses, number of dose groups, species, lifestage and 
significant thyroid-related effects were extracted from the references and added to a thyroid 
knowledgebase.  The knowledgebase was used to perform analyses of the available literature 
to determine whether a publication had a sufficient number of doses reported to search for 
nonmonotonicity in thyroid-related endpoints, and second whether any data in the publication 
suggested an NMDR.  Of these 1153 references, 339 were eliminated because they were review 
papers, meeting reports, used undefined mixtures, or failed to contain thyroid-related 
endpoints. The remaining 814 papers evaluated were original reports containing data from 987 
chemicals. Information was then extracted from each publication on the number of “chemical-
studies” (Table C.3).  Chemical-studies were defined as independent determinations of a dose 
or concentration-response for a chemical.  Thus a publication could have more than one 
chemical-study for a single chemical (e.g., an acute and a subchronic on one chemical) or could 
report on multiple chemicals (e.g., acute studies for 5 chemicals).  A total of 2060 chemical-
studies were identified, and this information was further divided into mammalian and in vitro 
(1831 chemical studies) and non-mammalian chemical studies (229 chemical studies). Most of 
the non-mammalian studies were reported in the aquatic models section of the document 
(Section 4.2.2).   Information on the number of relevant papers based on species used, life 
stages evaluated, and use of in vivo or in vitro techniques is shown in Table C.4.  The number of 
dose groups in chemical-studies is summarized in Table C.5. 
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The publications containing the 1831 mammalian and in vitro chemical-studies were then 
evaluated for the presence of NMDR effects at low doses that would impact regulatory action 
(e.g., lowest effective dose for a chemical).  The evaluation was conducted according to criteria 
outlined in the ‘Decision Tree’ in Figure 1 of Appendix C.  Briefly, the criteria for inclusion were: 

 
Filter 1: Minimum of 3 dose levels plus a control evaluated 
Filter 2: Evidence of a statistically significant NMDR on any thyroid endpoint 
Filter 3: Absence of observations at lower dose levels in the study that would have 

been used to determine the LOEL/LOAEL 
Filter 4: a) Absence of other published reports on this chemical where effects were 

observed at low levels. 
 b)  Absence of other published reports for effects on other endpoints that 

would have been used to determine the LOEL/NOEL below the dose 
identified as an NMDR. 

 c)  Absence of study quality concerns or statistical power issues that 
weakened confidence in the NMDR observation. 

 

Table C.3.  Reference filters used to compile the final list of published papers searched 
for any evidence of NMDRC for thyroid-related endpoints.  All studies rated as relevant 
(i.e., primary publication of chemical-specific information on thyroid endpoints) were 
further divided into chemical-studies (see text for definitions). 
 
Total  Number of References  1153 

Numbers of reference that were reviews or otherwise not relevant  339 

Total number of relevant references with data from chemical exposures 814 

 

Total Number of Chemical-Studies from relevant references 2060 

       Number of Non-Mammalian Chemical-Studies  229 

       Number of Mammalian In Vivo & All In Vitro Chemical-Studies  1831 
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Table C.4.  Breakdown of all chemical-studies by species, adult or 
developmental exposures and in vitro studies.  Note that some papers 
contained data on more than one species or life-stage. 
 

Summary of Non-mammalian chemical-studies species 

 Adult Developmental Sums 

Bird 26 50 76 

Fish 40 54 94 

Frog 1 51 52 

Lizard 3 0 3 

Turtle 4 0 4 

Total Non-Mammalian      229 

 

Summary of mammalian chemical-studies by species 

 Adult Developmental Sums 

Cattle 5 3 8 

Dog 10 0 10 

Gerbil 2 0 2 

Goat 2 0 2 

Guinea pig 3 0 3 

Hamster 6 0 6 

Horse 1 0 1 

Human 26 2 28 

Mice 87 13 100 

Mink 3 0 3 

Monkey 8 0 8 

Pig 3 1 4 

Rabbit 3 2 5 

Rat 915 165 1080 

Sheep 10 4 14 

Squirrel 2 0 2 

Vole 2 0 2 

    

Total Mammalian In vivo  1278 

 

All In Vitro studies  553 

 

Total Mammalian In Vivo & All In Vitro Chemical-Studies 1831 
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Table C.5.  Breakdown of the number of dose groups not 
including controls for all 814 relevant references that 
include 2060 mammalian, non-mammalian and in vitro 
chemical-studies. 
 

# Dose 
Groups In vivo In Vitro 

1 or 2 859 81 

3 284 32 

4 191 66 

5 89 75 

6 26 85 

7 34 85 

8 12 92 

9 or more 10 39 
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Figure C.1.  Flow Diagram for Mammalian Thyroid Inclusion Criteria 
 

 
 

  

No

Is there evidence of a statistically significant NMDR 
for any endpoint?

Is the NMDR effect the sole driver for the study-wide 
NOEL/NOAEL or LOEL/LOAEL? 

Yes (n=1005)

No
Yes (n=46)

No

Does the study utilize a control  and  3 or more dose 
groups?

Yes  (n=18)

a) Do other studies not show report effects at these 
doses for these endpoints?

b) Do other reports have affected endpoints that 
would drive the LOEL/NOEL? 

c) Are there study quality/statistical power concerns ?

Yes

No

Exclude

Exclude

Exclude

Exclude

n=8

Relevant Peer 
Reviewed Papers 

(N=814)

Total Chemical-
Studies  (N=1831)
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Study Evaluation Summaries 
 
The following represents the summaries and evaluation decisions based on our filtering 
paradigm that passed Filter Level 2 – i.e., these papers evaluated control and at least 3 dose 
levels and reported data for a thyroid-related endpoint that displayed an NMDR curve. Further 
filters were applied as indicated in Figure D.1 and 8 papers were identified that exhibited NMDR 
of concern as described above. These were the 8 papers that were carried forward for 
discussion in the main document in Section 4.2.3. 
 

17α-methyltestosterone 
 

Reference:  Okazaki et al. (2002) 
Study Details:  17α-methyltestosterone (0, 5, 20, 80 mg/kg-day) was administered once daily via 
gavage to male and female SD rats.  Male rats were dosed for 28 days with terminal sacrifice 
one day after the 28th administration.  Female rats were dosed for 28-31days until it was 
determined that the female was in the diestrus stage of the estrous cycle. Females were dosed 
until the day before sacrifice. 
Primary Mode of Action: Unknown 
NMDR Observation:  Statistically significant increase in thyroid weight in female rats at lowest 
dose.  Changes in thyroid weight were not observed at any other dose level. 
Decision/Comments:  Exclude Filter 3.  The NMDR for the increase in thyroid weight is not the 
determinant of the study-wide NOEL.  Monotonic dose response effects were observed in 
organ weights of the adrenal and pituitary glands of the female rats, as well as the ovaries and 
were significant at the lowest dose tested. 
 

 
  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1310993
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17β-Estradiol (E2) 
 
Reference:  Tyl et al. (2008) 
Study Details: E2 was administered in the diet (0, 0.001, 0.005, 0.05, 0.15, 0.5ppm; ~0, 0.2, 1, 
10, 30, 100 µg E2/kg BW/day, n=16-25) to CD-1 mice for 8 weeks prior to breeding, 2 weeks 
during mating, throughout gestation (~3 weeks) and for 3 weeks during lactation.  After 
weaning, selected F1 mice continued to be administered the same doses until the conclusion of 
the study at F2 weaning.  Animals were sacrificed at various times and tissues collected. 
Primary Mode of Action:  Unknown 
NMDR Observations:  A statistically significant increase in thyroid weight in the F1 parental 
male generation was seen at the 0.05 and 0.5 ppm dietary E2 exposure concentrations, and no 
difference from control was seen at the 0.15 ppm exposure concentration or at the lower 
doses. 
Decision/Comments: Exclude Filter 3. The NMDR for thyroid weight was not the determinant of 
the study-wide NOEL.  Additionally, there is no statistical difference in thyroid weight between 
the 0.05, 0.15, and 0.5 ppm exposure groups. 
 
Excerpt from Table 3 is below: 

 

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1296757
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1-chloro-4-(chloromethyl)benzene 
 
Reference:  Yamasaki et al. (2012) 
Study Details:  1-chloro-4-(chloromethyl)benzene (0, 10, 50, 250 mg/kg-day in olive oil) was 
administered to male and female SD rats via oral gavage daily for 28 days, beginning at 8 weeks 
of age.  
Primary Mode of Action:  Unknown, possible effect on liver metabolism 
NMDR Observation:  Statistically significant increase in serum T4 found at the middle dose in 
female rats.  No other changes were noted for serum T3, T4, or TSH in either sex. 
Decision/Comments:  Filter 4 Include. Changes in female serum T4 is not consistent with 
observations in male rats from the same study. No other changes in female serum thyroid 
hormones (T3 or TSH) were found.  A very high standard deviation was reported for male serum 
TSH values, it is not clear if this is biological variability or assay variability.  No histopathological 
changes were noted in the thyroid gland at any dose in either sex.  Gender was not in the 
statistical model. The statistical increase in T4 noted for females at the mid dose would be 
selected as the LOEL for thyroid effects for this study.  No other studies on the thyroid effects of 
this chemical were found in the literature for this compound. 
 

 
  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1401053
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1-methyl-3-propylimidazole-2-thione (PTI) 
 
Reference:  Biegel et al. (1995) 
Study Details: 1-Methyl-3-propylimidazole-2-thione (PTI 0, 5, 10, 25, 75 mg/kg/day) was 
administered orally by gavage in canola oil to adult male and female CD BR rats. Tail blood was 
sampled for serum hormones 1 and 3 weeks and at the end of dosing. Animals were sacrificed 
and tissue collected after 5 or 90 days of dosing. 
Primary Mode of Action: TPO inhibition; liver metabolism 
NMDR Observation: Statistically significant decrease in serum T3 at 5, 25 and 75 mg/kg with no 
effect at the mid dose of 10 mg/kg/day at the 1-week time point in male rats only. 
Decision/Comments:  Exclude Filter 3 The NMDR for serum T3 is not the sole determinant of 
the study-wide NOEL. Monotonic dose -response effects were observed for serum T3 and T4, 
and hepatic UDPGT activity which were significant at the lowest dose tested. 
 

 
  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1412558
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2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
 

Reference:  Potter et al. (1986) 
Study Details:  A single dose of TCDD (0, 6.25, 12.5, 25, 50, 100 µg/kg) was administered to 
adult male SD rats by gavage in acetone/corn oil vehicle. Measurements were obtained 7 days 
later. Data compare to vehicle, pair fed and ad lib controls. 
Primary Mode of Action:  Increase liver metabolism 
NMDR Observation:  Statistically significant increase in serum TSH at lowest doses that decline 
as doses increase. 
Decision/Comments:  Exclude Filter 4a. Increases in TSH are inconsistent with many reports of 
TCDD which also reported declines in serum T4. Peak in serum TSH at lowest dose followed by 
decline higher doses is secondary to hypophagia accompanying higher dose levels.  Monotonic 
effects of dioxin on other serum hormone levels have been reported at much lower doses 
under repeated dosing regimens (e.g., Seo et al, Toxicol Lett 1995). 

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=548771
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4,4'-butylidenebis(2-tert-butyl-5-methylphenol) 
 
Reference:  Yamasaki et al. (2008) 
Study Details:  4,4’-butylidenebis(2-tert-butyl-5-methylphenol) (0, 5, 25, 125 mg/kg-day in olive 
oil) was administered via oral gavage for at least 28 days to male and female SD rats beginning 
at 8 weeks of age. 
Primary Mode of Action:  Unknown 
NDMR Observation:  A statistically significant increase in serum T4 was observed at the low 
dose in male rats; no change in T4 at the mid dose, and a statistically significant decrease in T4 
at the high dose. 
Decision/Comments:  Filter 4 Include. Thyroid histopathology was not performed for the low 
and mid dosed male rat thyroids; however, no hypertrophy of the follicular epithelial cells was 
noted in the control or high dose male rats.    No changes were found in serum T4 for female 
rats.  An increase in serum TSH was found for both male and female rats at the high dose. It is 
logical that as the thyroid hormone decrease (e.g., T4-- males at the high dose), the serum TSH 
is elevated in an attempt to up-regulate the thyroid hormone.  The reason for the increase in 
serum T4 is unknown and not supported by any other endpoint in this study.  No additional 
studies on the thyroid effects of this compound were identified. 
 

  

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1411145
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5-ethylidene-2-norbornene 
 
Reference:  Ballantyne et al. (1997) 
Study Details:  5-Ethylidene-2-norbornene (ENB; 0, 52, 148, 359 ppm) vapor was administered 
to male and female F344 rats.  The rats were exposed 6 hr per day in inhalation chambers for 5 
days, then given a 2 day rest period, then exposed for 4 more days. 
Primary Mode of Action:  Unknown 
NDMR Observation:  At the end of the 9 day exposure study, a significant decrease in serum T3 
uptake compared to air-alone-exposed rats was reported for the low and high dose males, but 
not for the middle dose.  A statistically significant increase in serum total T4 was seen in the 
middle male dose group, but not in any other male or female dose group.  A statistically 
significant decrease in relative thyroid weight was found for the lowest dosed female rats, and 
no other changes in female thyroid weight were observed. 
Decision/Comments:  Exclude Filter 3. There appears to be a statistical issue surrounding the T3 
uptake.  The change in T3 uptake is -1.3, 0.76, and 2.3% for low-high dose with corresponding 
standard deviations of 1.3, 1.4, and 1%, respectively.  The NMDRs for the T3 uptake or thyroid 
weight are not the determinants of the study-wide NOEL.  A monotonic dose response effect 
was observed in colloid size for male rats and was significant at the lowest dose tested. 
 

 

 

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1413731
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Amiodarone 
 
Reference:  Freitas et al. (2011) 
Study Details:  Amiodarone (0, 0.5, 1, 5, 10, 15 uM) was added to cell culture of transfected rat 
pituitary tumor GH3 cells (GH3.TRE-Luc) for 24hrs.  
Primary Mode of Action:  Thyroid receptor mediated, deiodinase inhibitor  
NDMR Observation:  A statistically significant increase in cell proliferation as measured in 
luciferase reporter gene assay 24-hr after exposure to1 uM amiodaraone.  No changes in 
luciferase induction were observed at 0.5 or 5 uM; with a decrease at the 2 highest 
concentrations. 
Decision/Comments:  Exclude Filter 4c. The reduction in luciferase induction at the higher dose 
levels (10 and 15 uM) is due to cytotoxicity, as indicated by the decreased resazurine.  Visible 
evidence of cytotoxicity was reported by the authors at the 5uM concentration.  The NMDR 
function for luciferase induction is due to cytotoxicity at concentrations exceeding 1uM. 
 

 .  

 

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=733069
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Chlorpyrifos 
 
Reference:  Jeong et al. (2006) 
Study Details: Chlorpyrifos-methyl (CPM; 0, 1, 10, or 100 mg/kg-bw in corn oil) was 
administered once daily via gavage to male and female SD rats for 14 days before breeding, 
throughout gestation, lactation, and for 13 weeks post weaning. 
Primary Mode of Action:  Unknown; possibly through cholinesterase inhibition. 
NMDR Observation:  Statistical significant increase in thyroid weight in PND 21 male rats at the 
lowest dose and in F1 females at lowest dose 13 weeks after weaning.  Changes in thyroid 
weight were not observed at any other dose level. 
Decision/Comments:  Exclude Filter 3.  The increase in male thyroid weight at PND21 was not 
seen in females. The increase in female thyroid weight at 13 weeks after weaning was not seen 
in males.  The NMDR for the increase in thyroid weight is not the determinant of the study-wide 
NOEL.  A monotonic dose response effect was observed in serum T4 and was significant at the 
lowest dose tested. 
 

 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1415584
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d-d-T80-prallethrin 
 
Reference:  Seki et al. (1987) 
Study Details:  d-d-T80-prallethrin (0, 120, 600, or 3000 ppm) was administered via the diet to 
adult male and female SD rats for 26 or 52 weeks of exposure. 
Primary Mode of Action:  Unknown, possibly through thyroid receptor. 
NDMR Observation:  A statistically significant decrease in the relative thyroid weight was seen 
at the low dose for male rats following 26 weeks of treatment to d-d-T80-prallethrin, while no 
change was seen in the mid dose group, and a statistically significant increase the relative 
thyroid weights was seen at the high dose.  In females, a statistically significant decrease in 
thyroid weight was found in at the low and mid dose groups, while the high dose resulted in an 
increase in relative thyroid weight following 26 weeks of exposure.  After 52 weeks of exposure, 
a statistically significant decrease was found in relative thyroid weight of males at the low dose 
and an increase at the high dose; however, no change was seen at the middle dose. 
Decision/Comments:  Exclude Filter 3. The thyroid weight effects seen after 26 weeks of 
exposure are not consistent with the 52 week exposure results and inconsistent between the 
sexes.  The NMDRs observed for changes in relative thyroid weight are not the sole 
determinants of the study-wide LOEL.  Other effects were observed in blood biochemistry panel 
at 120 ppm. 
 

 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1408934
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Dibromoacetonitrile 
 
Reference:  Poon et al. (2003) 
Study Details:  Dibromoacetonitrile (0, 0.1, 1, 10, 100 ppm) was administered to adult male and 
female SD rats in drinking water for 13 weeks. Measurements were taken at the end of the 
study. 
Primary Mode of Action:  Unknown, possible effect on liver metabolism, metabolite 
(cyanide/thiocyanate) may inhibit sodium/iodide symporter. 
NDMR Observation:  The thyroid measure “collapse/angularity” exhibited an NMDR for 
incidence and severity in males only, with effects at lowest two doses and the highest dose; 
however, no effect was seen at second highest dose (10 ppm).  Thyroid cytoplasmic vacuolation 
also had an NMDR with a decrease in vacuolation at the lowest and second highest dose, while 
no effect was seen at the other two doses. 
Decision/Comments:  Exclude Filter 3.  The NMDRs for the thyroid measures are not the 
determinant of the study-wide LOEL.  A similar dose response curve was not found for thyroid 
effects in female rats.  Effects on a bone marrow endpoint occurred at the lowest dose tested.  
Statistics were not performed on these results. 
 

 

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1418232
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Diethylstilbestrol (DES) 
 
Reference:  Shin et al. (2009) 
Primary Mode of Action:  Estrogen agonist. 
Study Details:  Diethylstibestrol (DES 0 10, 20, 40 µg/kg/day) was administered to juvenile male 
SD rats by oral gavage for 20 days. Animals were sacrificed 24 hours after the last dose and 
blood and tissues collected. 
NMDR Observations:  A statistically significant increase in thyroid gland weight at the lowest 
dose tested with no significant change at the two higher dose levels. 
Decision/Comments:  Exclude Filter 3.  The NMDR for thyroid weight was not the determinant 
of the study-wide NOEL.  Significant declines in liver weight and serum levels of luteinizing 
hormone were observed at all dose levels tested.  No significant changes in serum T4 were 
detected. 
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Ethylenethiourea (ETU) 
 
References:  Graham et al. (1975); Graham et al. (1973) 

Note:   Both papers report data from the same study. 
Study Details:  Ethylene thiourea (ETU; 0, 5, 25, 125, 250, 500 ppm) was fed to male and female 
Charles River rats in the diet for 2, 6, 12, 18 or 24 months, beginning when the animals were 
approximately 5 weeks old.  At the end of the feeding period, rats were administered 
radioactive iodine, then fasted for 24 hours and the thyroids excised and radioactivity 
measured. 
Primary Mode of Action:  Inhibition of TPO. 
NDMR Observation:  A statistical NMDR in thyroid iodine uptake was found following 2, 18 and 
24 months of exposure in male rats only.  After 2 months of exposure, a statistically significant 
increase in 131I uptake was found at the 3 lowest doses, and no change at the two highest 
doses.  After 18 months of exposure, a statistically significant increase in thyroid iodine uptake 
was found for the middle and next to lowest dose, while no change was seen at the lowest and 
next to highest dose.  At the highest dose a statistically significant decrease in uptake was 
observed.  After 24 months of exposure a statistically significant increase in 131I uptake was 
found at the lowest dose and a decrease at the highest dose, with no change at any of the 
middle doses. 
Decision/Comments:  Exclude Filter 4c. A similar, but not statistically significant NMDR was 
observed in females at 18 months of exposure; however, the inflection point was at 125 ppm 
instead of 25 ppm.  Thyroid weight changes are statistically significant at 250 and 500 ppm. 
Changes in iodine uptake could be the result of compensatory changes in thyroid gland.  
Graham et al. (1975) reported a high incidence of thyroid tumors in the two high dose groups, 
which may account for the decrease in thyroid iodine uptake.  Tumors do not take up iodine, so 
it is expected that there would be less uptake the high doses where one see tumors but more 
uptake at the lower doses where one sees only hyperplasia. The increases in 131I uptake were 
not reproduced by O'Neil and Marshall (1984) who fed rats 75 or 100ppm ETU in the diet for 46 
or 91 days and performed similar measurements in male and female SD rats.  At dose levels and 
time points roughly comparable across the studies (2 months) no increases in 131I thyroid 
uptake were observed (O'Neil and Marshall, 1984). 
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Furan 
 
Reference:  Gill et al. (2010)  
Study Details:  Furan (0.0, 0.03, 0.12, 0.5, 2.0, 8.0 mg/kg in corn oil) was given to 6-7 week old 
male and female Fischer-344 rats 5 days/week for a 90-day study. 
Primary Mode of Action:  Unknown, possible effect on liver metabolism. 
NDMR Observation:  In males, an increase in serum T3 was seen at 0.12, 2.0, and 8.0 mg/kg-
day, while no change from control levels was noted in the lowest or middle dose group.  In 
females, an increase in serum T3 was seen at 2.0 mg/kg-day and no other changes in serum T3 
were found. 
Decision/Comments:  Exclude Filter 3.  The NMDR for serum T3 is not the sole determinant of 
the study-wide LOAEL.  A monotonic dose response effect was observed for serum T4 in males 
and was significant at 0.12 mg/kg-day. 
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Hexachlorobenzene (HCB) 
 
Reference: van Raaij et al. (1993) 
Study Details:  Hexachlorobenzene (HCB; 0, 3, 10, 30, 100, 300, 1000 ppm in an emulsion of 
water and Tween-20) was administered to adult male Wistar rats (200-300g) via gavage 3 
days/week for 5 weeks. Measurements were obtained two days post dosing. 
Primary Mode of Action:  Effect on liver metabolism and possible effect of metabolite on serum 
binding proteins. 
NDMR Observation:  A statistically significant decrease in serum free T4 was seen at the next to 
highest dose. No other changes in serum fT4 were noted. 
Decision/Comments:  Exclude Filter 3.  The NMDR for the serum free T4 is not the determinant 
of the study-wide LOEAL.  A monotonic dose response effect was observed in total T4 and was 
significant at the next to highest dose (2.6 mmol/kg) tested.  The statistical significance of free 
T4 in the male rats is likely due to the lower standard deviation for that group. 
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Imidazole 
 
Reference:  Comer et al. (1985) 
Study Details:  SC-37211 (0, 20, 60, 200 ppm) was given in the drinking water to male CD rats in 
the diet for 21 days. 
Primary Mode of Action:  Unknown, possible effect on liver metabolism. 
NDMR Observation:  A statistically significant decrease in serum T4 was seen at the middle dose 
following 2 weeks of treatment. No other statistical changes were found for serum T4. 
Decision/Comments:  Exclude Filter 3.  The NMDR for serum T4 is not the determinant of the 
study-wide LOEL.  A monotonic dose response effect was observed for serum T3 and was 
significant at the lowest dose tested.  Also, the standard deviation in serum T4 is greater for the 
highest dose compared to the middle dose. The NMDR effect is likely statistical only and not 
biological. 
 

 

  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1442524


Appendix C Mammalian Thyroid 07 03 13  DRAFT – DO NOT CITE OR QUOTE 

Page | 28  

Methimazole (MMI) 
 
Reference:  Hood et al. (1999) 
Study Details:  MMI (0, 3, 10, 30, 100, 300, 1000 ppm) or PTU (0, 1, 3, 10, 30, 100, 300 ppm) 
were administered to adult male LE rats in the diet for 21 days. Measurements were obtained 
at 3 days before and at 3, 4, 14, and 21 days of exposure. 
Primary Mode of Action:  TPO inhibition (MMI & PTU); deiodinase inhibitor (PTU). 
NMDR Observation:  Statistically significant increase in serum total T4 and free T3 following 
exposure to 3ppm MMI for 21 days, with reductions at higher doses.  
Decision/Comments:  Filter 4 Include NMDR observed at low-dose level which would be used at 
the LOEL for this study. No additional studies were located for this dose or lower.  Increases in 
TT4 and fT3 may be due to compensatory mechanisms to maintain serum T3, including 
deiodinase activation, recovery of T3 metabolites and enterohepatic circulation. 
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Methoxychlor 
 
Reference:  Okazaki et al. (2002) 
Study Details:  Methoxyclor (0, 20, 100, 500 mg/kg) was administered via oral gavage to five 
week old male and female CrJ:CD(SD)IGS rats daily for 28 days. Male rats were sacrificed the 
day after the 28th administration, while female rats were killed on the diestrus day during the 4 
days after the 28th administration. 
Primary Mode of Action:  Unknown, possible effect on liver metabolism. 
NDMR Observation:  A statistically significant increase in serum T4 was found in male rats 
dosed with 20 and 100 mg/kg, and no significant effect from control was found in the animals 
dosed with the highest dose. 
Decision/Comments:  Exclude Filter 3.  The NMDR for serum T4 is not the sole determinant of 
the study-wide LOEL.  A monotonic dose response effect was observed in other blood 
biochemistry parameters where the effect was seen at the lowest dose (e.g., cholesterol and 
albumin).  Note: There appears a typo in the table such that the control T4 concentration for 
male rats should be 4.7, not 47 ug/dL.  This is evident based on the statistics reported, too.  
There were no changes in thyroid pathology in males or females at any doses. Gender was not 
included in the statistical models. 
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Parabens 
 
Reference:  Vo et al. (2010) 
Study Details:  The antimicrobials, propylparaben, isopropylparaben, butylparaben, and 
isobutylparabaen (0, 62.5, 250, 1000 mg/kg/day) were administered by oral gavage in corn oil 
to juvenile male and female SD rats from PND22 to PND41.  Animals were sacrificed and tissue 
collected on PND42. 
Primary Mode of Action: Unknown; possible effect on thyroid receptor 
NMDR Observation:  Statistically significant decrease in serum T4 at 250 mg/kg of 
propylparaben and isopropylparaben but not at higher or lower doses.  A statistically significant 
decrease in serum T4 at the lowest dose of isobutylparaben but not a higher dose levels.  A 
statistically significant increase in thyroid weight at the lowest dose of butylparaben. 
Decision/Comments:  Filter 3 Exclude The NMDR for the serum T4 for butylparaben, 
isobutylparaben, isopropylparaben are not the determinant of the study-wide NOEL.  A 
statistically significant increase in liver weight was seen for all doses for butylparaben; a 
statistically significant increase in uterine thickness was observed at all doses for 
isobutylparaben.  A delay in vaginal opening was seen at the two highest doses of 
isopropylparaben.  Filter 4 Include NMDR effect on serum T4 for propylparaben was not 
accompanied by change in any other parameter assessed.  No other studies of propylparaben 
found. 
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Pentabromodiphenyl ether (DE-71) 
 
Reference:  Fowles et al. (1994) 
Study Details:  DE-71 (0, 0.8, 4.0, 20, 100, 500 mg/kg in peanut oil) was administered to 8 week 
old female C57BL/6 mice via oral gavage. Time of sacrifice in relation to the dose was not stated 
in the manuscript. 
Primary Mode of Action:  Effects on hepatic metabolism of thyroid hormones. 
NDMR Observation:  A statistically significant decrease in total T4 was observed for the 3 lowest 
doses and the highest dose, while the next to highest dose (100 mg/kg) dose was not 
significantly different from controls following a single exposure. 
Decision/Comments:  Exclude Filter 4a.  The inflection in the dose response curve that resulted 
in an NMDR for this endpoint is in the high dose range.  Additionally, the results of this paper 
are not consistent with known effects of DE-71 and other PBDEs.  No effects on serum T4 were 
found at 3 mg/kg-day for 5 or 20 day exposures in rats (Stoker et al., 2004), or 1 or 3 mg/kg-day 
for 4 days in female rats (Zhou et al., 2001). The latter contained an extensive dose response 
from 1 – 1000 mg/kg-day for 4 days. 
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Pentachlorodiphenyl ethers (PCDE) 
 
Reference:  Rosiak et al. (1997) 
Study Details:  2,2',4,5,6'-pentachlorodiphenyl ether (PCDE 35 0, 25, 50, 100 mg/kg/day) or 
2',3,4,6'-tetrachlorodiphenyl ether (PCDE 37 0, 50, 75, 100 mg/kg/day) were administered 
orally by gavage in corn oil vehicle to pregnant SD rats from GD6-15. On PN16, pups were 
sacrificed for tissue collection. 
Primary Mode of Action:  Unknown, possible effect on liver metabolism. 
NMDR Observation:  PCDE35 produced reductions in serum T4 at 25 and 100 mg/kg but not at 
50mk/kg dose level PN16 pups.  Increases in thyroid weight were also seen 25mg/kg but not 
higher dose levels.  PCDE37: Reductions in serum T4 at 50 and 75 mg/kg but not at 100 mg/kg 
dose level. 
Decision/Comments:  Exclude Filter 4c. These observations were excluded based on study 
quality concerns.  Serum T4 in many dose groups was reported from a small number of litters 
(1-4 litters for critical NMDR observations). 
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Perchlorate (ClO4
-) 

 
Reference:  Thuett et al. (2002) 
Study Details:  Ammonium perchlorate (0, 1nM, 1uM, 1mM) was administered via drinking 
water to male and female mice during mating and throughout gestation and lactation.  Pups 
were euthanized at PND21. 
Primary Mode of Action:  Competitive inhibition of sodium/iodide symporter 
NDMR Observation:  A statistically significant increase in plasma T4 was observed in the low 
and mid dose groups, and no change was observed at high dose of PND21 mice.  Thyroid 
histopathology analysis found a decrease in active follicles at the low and high dose. 
Decision/Comments:  Exclude Filter 4c.  The effects reported here are at very low levels of 
perchlorate exposure (117ppt, 117 ppb and 117ppm, ~ 0.01, 0.1, and 1.5 µg/kg-day (Thuett et 
al., 2002).  Increases in serum T4 by perchlorate are counter to many other published reports in 
rat and rabbit and the known mode of action of perchlorate to inhibit the NIS (NAS, 2005).  
Study design is not well described and it is unclear that appropriate litter-based analysis was 
performed on serum hormone data. The increases in T4 were based on very small sample sizes 
(n=4-5), insufficient for reliable detection of small changes in serum hormone using RIA.  The 
increase in serum T4 at the low and mid dose group is not consistent with changes in the 
thyroid follicle observed in this same study. 

 

.  
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Reference:  Männistö et al. (1979) 
Study Details:  Potassium perchlorate (0, 10, 50, 100, 500 mg/L) was administered via drinking 
water to adult males.  All animals were sacrificed on day 5. 
 Primary Mode of Action:  Competitive inhibition of sodium/iodide symporter. 
NDMR Observation:  Intermediate drinking water concentrations (50 and 100 mg/L) resulted in 
a statistically significant decrease in serum T3.  No changes in serum T3 were seen following 
exposure to the lowest or highest dose. 
Decision/Comments:  Exclude Filter 3.  The NMDR decrease in serum T3 is not the determinant 
of the study-wide NOEL.  A monotonic dose response effect was observed in serum T4 and was 
significant at the same dose where the decrease in serum T3 was first significant (50 mg/L). 
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Reference:  York et al. (2001) 
Study Details:  Ammonium perchlorate (0, 0.3, 3.0, 30.0 mg/kg-day) was administered via 
drinking water to adult male and female SD rats through mating, gestation, and lactation.  The 
F1 generation was given the same doses in water beginning at weaning and continuing until 
sacrifice.  F2 generation pups were sacrificed on lactation day 21; other sacrifice times were not 
clearly stated. 
Primary Mode of Action:  Competitive inhibition of sodium/iodide symporter. 
NDMR Observation:  Several NMDRs were observed in this study.  For the adult males, an 
increase in serum T3 was seen at the low and mid doses, but no change was observed at the 
high dose.  The adult females had an increase in serum T4 at the low and mid doses, but no 
change at the high dose.  The F1 male pups showed a decrease in serum TSH was at the low and 
mid dose, with no change at the high dose. F1 female pups had an increase in serum T4 at the 
low dose, and no other changes in serum T4 were observed.  The F1 adult males had an 
increase in serum T4 at the low and mid doses and a decrease in serum T4 at the high dose.  
The only change in thyroid hormones in the F2 male pups was the increase in serum T3 at the 
mid dose, while the female pups only had an increase in T4 at the mid dose. 
Decision/Comments:  Exclude Filter 3.  The NMDRs were not the determinant of the study-wide 
NOEL.  The study authors based the NOEL (0.3 mg/kg-day) on the thyroid histopathology results 
that showed a monotonic dose-response for hypertrophy/hyperplasia.  The NMDRs were not 
consistent between gender or generation.  The authors also commented on the nonmonotonic 
nature of the data, attributing the results to the data being a “snapshot in time” of a dynamic 
system, where TSH regulation could “overshoot” causing an increase in T3/T4 relative to 
controls. 
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Reference:  York et al. (2004) 
Study Details:  Ammonium perchlorate (0, 0.1, 1.0, 30, 10.0 mg/kg-day) was administered in 
drinking water to adult female SD rats from gestation day 0 through lactation day 10. 
Primary Mode of Action: Competitive inhibition of sodium/iodide symporter. 
NDMR Observation:  A statistically significant decrease in follicular lumen area was observed at 
the low (0.1 mg/kg-day), 2nd intermediate (3.0 mg/kg-day), and high (10 mg/kg-day) dose in F1 
male pups; however, no change in follicular lumen area was found at the 1st intermediate dose 
(1.0 mg/kg-day). 
Decision/Comments:  Exclude Filter 4c.  The standard deviation for the 1st intermediate dose 
(1.0 mg/kg-day) that did not show a decrease in follicular lumen was very large, almost 3-times 
the SDs for the other dose groups.  This NMDR effect occurred in male F1 pups only, not in 
females.  No change in thyroid weights was reported for F1 male pups.  Data from this study 
and several others were previously subjected to re-analysis by outside experts.  The data 
presented in this paper is not consistent with the re-review results available in the U.S. EPA’s 
2002 perchlorate risk assessment document.  The reanalysis found a significant main effect of 
treatment on lumen size for all doses at PND5 (U.S. EPA (2005); Figure 5-8). 
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Reference:  Gilbert and Sui (2008) 
Study Details:  Perchlorate (0, 30, 300, 1000 ppm) was administered in drinking water from GD6 
until weaning. Blood samples were obtained from pups on PNDs 4, 14, 21, and 80–90, and from 
dams at weaning on PND30.  Behavioral and electrophysiologic measurements were performed 
on adult male offspring. 
Primary Mode of Action:  Competitive inhibition of sodium/iodide symporter. 
NDMR Observation:  A statistically significant increase was seen in TSH of PND14 pups at the 
low and mid dose and no difference from control at the high dose. 
Decision/Comments:  Exclude Filter 3.  The NMDR was not the determinant of the study-wide 
NOEL. A monotonic decrease in serum T4 was seen beginning with the lowest dose in dams.  
The serum TSH NMDR in PND14 pups was not seen in PND4, PND21, or dams.  All functional 
physiology effects observed were monotonic in nature, consistent with PTU observations. 
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Polychlorinated Biphenyl (PCB) 
 

Reference:  Li et al. (2001) 
Study Details:  2,2’,3,4’,5’,6-hexachlorophenyl (PCB149 0, 8, 32, 96 mg/kg/day) was 
administered ip in corn oil to juvenile female SD rats on PND21 and 22 and sacrificed on PND24. 
Primary Mode of Action:  Liver metabolism. 
NMDR Observation:  Statistically significant reduction in serum T4 at 32 but not 96 mg/kg dose 
level.  
Decision/Comments:  Filter 4c Exclude.  Lack of effect on serum T4 at highest dose attributable 
to high variability likely stemming from small sample size (n=5) for serum hormone assays.  The 
NMDRC is not consistent with findings from extensive dose response curves for 12 different 
PCBs tested at lower dose ranges in a 4-day oral dosing paradigm in juvenile female rats. 
(Crofton et al., 2005) 
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Reference:  Desaulniers et al. (1997) 
Study Details:  PCB77 (0, 10, 100, 1000, 10,000 ppb) was administered in the diet to young 
female SD rats for 13 weeks. Animals were sacrificed at the end of the exposure period. 
Primary Mode of Action:  Liver metabolism, T3 receptor activation 
NMDR Observation:  Statistically significant increase in serum T4 at 10, 100, 1000 with declines 
at the highest dose tested. 
Decision/Comments:  Include Filter 4.  Although an NMDR was not seen with a related PCB 
(PCB 28) assessed in the same study, the increase in serum T4 at the equivalent of 0.06, 0.6 and 
6 ug/kg/day is the lowest dose for which an effect on thyroid or any other endpoint in vivo has 
been reported. 
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Reference:  Zoeller et al. (2000) 
Study Details:  Aroclor 1254 (0, 1, 4, 8 mg/kg/day) were administered to pregnant SD rats from 
GD6 to PND21 in food and pups  sacrificed for tissue collection on PNDs 5, 15 and 30. In situ 
hybridization in brains of pups was performed. Myelin basic protein (MBP) was examined in the 
medulla and cerebellum at all 3 ages.  Neurogranin (RC3) was examined in the retrosplenial 
cortex on PND15. 
NMDR Observations:  A transient and statistically significant reduction in MBP was observed in 
medulla on PND5 at 4 but not 8 mg/kg dose level.  On PND15, MBP was reduced in the 
cerebellum and medulla at 1 mg/kg but not 4 or 8mg/kg.  A monotonic increase in RC3 
expression was seen in the cortex and was significant at 4 and 8 mg/kg dose levels. 
Decision/Comments:  Exclude Filter 3.  The NMDR for expression of MBP in the neonatal brain 
was not the determinant of the study-wide NOEL.  A monotonic decline in serum T4 was 
observed and was significant at all dose levels. 
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Reference:  Li et al. (1998) 
Study Details:  A PCB mixture (PCB110 + PCB126) or PCB110 alone (0, 8, 32, 48, 96 mg/kg) was 
administered ip in corn oil vehicle to juvenile female SD rats on PND21 and 22. Animals were 
sacrificed on PND23 for tissue collection. 
Primary Mode of Action:  Liver metabolism. 
NMDR Observation:  A statistically significant increase in serum T4 was observed in PCB110 
group at the lowest dose, followed by a monotonic decrease in T4 at higher dose levels.  A 
monotonic decline in serum T4 was seen in the PCB110+PCB126 mixture. 
Decision/Comments:  Include Filter 4.  Hepatic microsomal enzymes (PROD) were not induced 
at lower dose of PCB110 which may have permitted mobilized T4 to reach higher serum levels.  
This conclusion is supported by induction of metabolic pathways in the PCB110+126 group 
where a monotonic dose-response pattern was observed for serum T4. 
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Reference:  Collins and Capen (1980) 
Study Details:  Aroclor 1254 (0, 5, 50, 500 ppm) was administered to adult male O-M rats in the 
diet for 4 weeks.  Animals were sacrificed at the end of exposure. 
Primary Mode of Action:  Liver metabolism. 
NMDR Observation:  Statistically significant increase in serum T3 was observed following 
exposure to 5 ppm PCB with reduction at the 500ppm dose. 
Decision/Comments:  Exclude Filter 4b.  An increase in serum T3 is inconsistent with the 
majority of PCB literature. T4 was monotonically reduced at 50 and 500ppm.  A lower LOEL was 
seen for serum T4 after 15-weeks of exposure to 0.1 mg/kg/day A1254, equivalent to dietary 
exposure of ~1.7 ppm (Gray et al., 1993). 
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Potassium Bromate (KBrO3) 
 
Reference:  Wolf et al. (1998) 
Study Details:  Potassium bromide (KBrO3: 0, 0.02, 0.1, 0.2, 0.4 g/L) was dissolved in the 
drinking water administered to 30-day old male F344 rats for 12, 26, 52, 78, or 100 weeks. 
Primary Mode of Action:  Competitive inhibition of sodium/iodide symporter. 
NDMR Observation:  After 12 weeks of treatment, serum T3 concentrations were reduced 
relative to controls for all dose groups, and Group 3 (0.1 g/L) showed an increase relative to 
higher and lower dose groups though additional statistics and standard deviations were not 
reported. 
Decision/Comments:  Exclude Filter 3.  The NMDR for serum T3 is not the sole determinant of 
the study-wide LOEL.  A monotonic dose response effect was observed for thyroid tumors 
following 100 weeks of exposure. 
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Propazine  
 
Reference:  Laws et al. (2003) 
Study Details:  Diamino-S-chlorotriazine (DACT 0, 16.7, 33.8, 67.5, 135 mg/kg/day), an atrazine 
metabolite, was administered to juvenile female SD rats from PND22-PND41.  Animals were 
monitored daily for pubertal development and sacrificed on PND41 for tissue collection. 
Primary Mode of Action:  Aromatase inhibition. 
NMDR Observation:  Statistically significant increase in serum T4 at 67.5 mg/kg with no effect at 
the higher 135 mg/kg dose.  No other thyroid serum parameters altered at any dose.  
Significant reductions in female pubertal endpoints at lower doses. 
Decision/Comments:  Filter 3 Exclude. The NMDR for increases in serum T4 is not the 
determinant of the study-wide NOEL.  A monotonic dose-response effect was observed for 
delay in vaginal opening which was significant at 33.8 mg/kg/day and above. 
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Propylthiouracil (PTU) 
 
Reference:  Gordon et al. (2000) 
Study Details: PTU (0, 2.5, 5, 10, 25 ppm) were administered to adult male LE rats in drinking 
water for 21-28 days.  During the 4ths wk of exposure animals were subjected to heat and cold 
stress and temperature monitored by radiotelemetry, Animals were sacrificed at the end of 
exposure and blood collected for hormone measurements. 
NMDR Observations:  A statistically significant reduction in serum T3 was seen at the lowest 
and two highest dose levels with no difference from control at the middle dose of 5ppm.  
Serum T4 was dose dependently reduced with significant declines first evident at 5 ppm. 
Decision/Comments:  Exclude Filter 4a.  The NMDR for serum T3 at this dose of PTU is 
inconsistent with findings for T4 within the same paper and with a number of other published 
reports using this dose range and dosing duration for PTU. 
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Reference:  Gilbert (2011) 
Study Details:  PTU (0, 1, 2, 3, 10 ppm) were administered to pregnant LE rats from GD6 to 
PND21 in drinking water.  Pups were sacrificed for serum collection on PNDs 14, 21 and 30; 
dams sacrificed at weaning.  Adult male offspring assessed for hippocampal synaptic function 
and learning and memory. 
NMDR Observations:  A statistically significant reduction in freezing behavior detected at two 
lowest doses, followed by return to control levels at highest dose in a trace fear conditioning 
paradigm. 
Decision/Comments:  Exclude Filter 3.  The NMDR for learning was not the determinant of the 
study-wide NOEL.  A monotonic decline in serum T4 was observed and was significant at all 
dose levels in dams and pups prior to weaning. 
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Reference:  Lasley and Gilbert (2011) 
Study Details:  PTU (0 1 2 3 10 ppm) were administered to pregnant LE rats from GD6 to PND21 
in drinking water and male and female pups  sacrificed for tissue collection on PNDs 14, 21 and 
30.  Protein levels of brain-derived neurotrophic factor (BDNF) were measured using ELIZA in 
cortex, hippocampus, and cerebellum. 
NMDR Observations:  A statistically significant reduction in BDNF was observed in hippocampus 
and cortex of adult offspring that was greater at 1 and 2 ppm, returning to baseline at 3 and 10 
ppm, and in females, exceeding control levels at 10ppm. 
Decision/Comments:  Exclude Filter 3.  The NMDR for expression of BDNF was not the 
determinant of the study-wide NOEL.  A monotonic decline in serum T4 was observed and was 
significant at all dose levels in dams and pups prior to weaning. 
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Reference:  Sawin et al. (1998) 
Study Details:  PTU (0 5 15 25 ppm) was administered to pregnant LE rats from GD18 to PND21 
in drinking water.  Pups were sacrificed for serum and brain tissue collection on PNDs 7, 14, 21, 
35, 120; dams sacrificed at weaning. 
Primary Mode of Action:  TPO Inhibition. 
NMDR Observations:  A statistically significant reduction in choline acetyltransferase in 
prefrontal cortex in adult rats at 15 ppm concentration but not at higher or lower levels.  A 
statistically significant increase in brain weight in adult female offspring at the lowest 
concentration of 5ppm.  No difference from controls at higher dose levels. 
Decision/Comments:  Exclude Filter 3.  The NMDR for learning was not the determinant of the 
study-wide NOEL.  A monotonic decline in serum T4 was observed and was significant at all 
dose levels in dams and pups prior to weaning. Brain weight changes were restricted to females 
at the low dose and not observed in males.  Decrements not increases in brain weight are 
anticipated by developmental hypothyroidism.  No differences were evident when data 
expressed as brain/body weight ratio.  Choline acetyltransferase decrements were not 
observed in the hippocampus. 
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Saisentong 
 
Reference:  Zhang et al. (2010) 
Study Details:  The thiadizole fungicide, Saisentong (0, 5, 10, 15 mg/kg/day) was administered 
by oral gavage in soybean oil vehicle to juvenile male SD rats from PN22 for 20 days. Animals 
were sacrificed 24 hours after the last dose. 
Primary Mode of Action:  Liver metabolism. 
NMDR Observation:  Activation of liver microsomal enzyme UDPGT is reduced at middle doses, 
with return to control levels at the high dose level.  No changes in serum T4 or evidence of 
thyroid histopathology were detected, but significant dose-dependent increases in thyroid and 
pituitary weights were observed at the two higher doses.  Body weight deficits were also seen 
at the high dose. 
Decision/Comments:  Exclude Filter 4c.  The non-monotonicity was evident at the high dose 
only, a dose which also negatively impacted body weight.  The dose labels in this publication 
are higher than those reported in the methods (0, 20, 40, 80 mg/kg/day).  If this is not a 
typographical error, a lower LOEL is evident in thyroid and body weight decrements.  For this 
reason, this paper was excluded based on study quality issues.  No other papers on Saisentong 
were found. 
 

.  
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Tamoxifen 
 
Reference:  Kim et al. (2002) 
Study Details:  Tamoxifen (0, 10, 50, 200 µg/kg; n=10) was administered for 20 days to 
immature female Sprague-Dawley rats by oral gavage dissolved in 95% ethanol and diluted with 
corn oil vehicle.  Animals were euthanized and tissues taken 24 hours after the last dose was 
administered. 
Primary Mode of Action:  Unknown. 
NMDR Observation:  Thyroid gland weights, serum TSH, and serum T3 displayed NMDR 
response, with statistically significant increases relative to control at 10 and 50 µg/kg/day but 
not at 200 µg/kg/day.  No effects were observed on serum T4. 
Decision/Comments:  Include Filter 4.  Reasons for the NMDR are not known, but tamoxifen is a 
well known estrogen receptor antagonist.  Estrogen and thyroid receptors share a common 
binding site on their molecular response element (TRE and ERE) so interactions between these 
two hormone systems is not unprecedented (Zhu et al., 1996) and may contribute to the 
pattern of effects observed. However, another report in the literature using a very similar 
dosing regimen did not replicate the pattern of effects observed here.  Kennel et al. (2003) 
reported no effects on serum hormones or thyroid gland weight in male rats any dose of 
tamoxifen (5, 30 or 200 µg/kg/day for 28 days). Females exhibited a decrease in serum T4 with 
no changes in other serum markers or in thyroid gland weight. 
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Thiazole-Zn 
 
Reference:  Yang et al. (2013) 
Study Details:  The systemic fungicide, thiazole-Zn (0, 40, 100, 200 mg/kg/day) was 
administered to juvenile female SD rats from PND22 to PND42.  Animals were sacrifice on 
PND43 and tissues collected for analysis. 
Primary Mode of Action:  Unknown. 
NMDR Observations:  Statistically significant reduction in serum T3 at the lowest dose of 40 
mg/kg, with no effect at 100 or 200 mg/kg dose levels.  Serum TSH and thyroid weights were 
increased at the two highest doses.  Serum T4 was monotonically reduced and thyroid 
histopathology evident at all dose levels. 
Decision/Comments:  Filter 3 Exclude.  The NMDR for serum T3 is not the determinant of the 
study-wide NOEL.  A monotonic dose-response effect was observed for serum T4 and thyroid 
histopathology. 
 

 .   
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Thiazopyr 
 
Reference:  Hotz et al. (1997) 
Study Details:  The pre-emergent herbicide thiazopyr (0, 10, 30, 100, 300, 1000, 3000 ppm) was 
administered to adult male SD rats in their diet for 56 days.  Animals were sacrificed at the end 
of treatment. 
Primary Mode of Action:  Liver metabolism. 
NMDR Observation:  Significant reductions in serum T3 were observed at the mid-dose of 
30ppm and increases at the highest dose tested. 
Decision/Comments:  Include Filter 4.  Within this study, increases in serum T3 were not 
consistently observed at the high dose at 56-days, whereas high dose effects on T4, TSH, liver 
and thyroid weights were replicated.  The decrease in serum T3 at the mid- dose level is not 
consistent with an upregulation of hepatic metabolism in the absence of an effect on T4.  
Effects on serum to T4 and TSH were limited to reductions and increases, respectively, at the 
highest dose of 3000ppm.  UDPGT effects at the two highest doses are consistent with a liver 
metabolism mode of action. No other thiazopyr studies found. 
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Triclosan 
 
Reference:  Zorrilla et al. (2009) 
Study Details:  The antibacterial/antifungal triclosan (0, 3, 30, 100, 200, 300 mg/kg/day) was 
administered by oral gavage to juvenile female SD rats from PND23 to PND53.  Animals were 
sacrificed on PND53 and serum and tissues collected for analysis. 
Primary Mode of Action: Liver metabolism. 
NMDR Observation:  Statistically significant increases in serum T3 following exposure to 3 
mg/kg/day triclosan followed by significant declines at 200 and no change from control at 300 
mg/kg/day.  Monotonic reductions in serum T4 were detected beginning at 30 mg/kg/day dose 
level.  NMDR increase in T3 at lowest dose. 
Decision/Comments:  Filter 3 Exclude.  The NMDR for serum T3 is not the sole determinant of 
the study-wide NOEL.  A monotonic dose response reduction in EROD enzyme activity was 
observed and was significant at the lowest dose tested. 
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