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Humane studier ved Afd. for Vækst og Reproduktion, Rigshospitalet 
 
Søgning er udført på PubMed og dækker perioden 21.september 2015 - 10. december 2015  
 
Følgende søgeprofil er benyttet:  Bisphenol A  

Phthalat*  
Paraben*  
(perfluor* OR polyfluor*)  
Triclocarban  
Triclosan  
(Flame retardant)  
tributyltin  
endocrine disrupters 

 
kombineret med nedenstående tekst:  
 
AND expos* AND (human OR men OR women OR child* OR adult* OR adolescen* OR infan*)  
 
Limits: title/abstract, English language 
 
I den listede bruttoliste er dobbeltgængere fjernet, ligesom hits der hører under kategorierne in vivo 
studier, in vitro studier eller wildlife er frasorteret. De kommenterede artikler er highlightet. 
 
De udvalgte artikler koncentrerer sig i denne omgang om hormonforstyrrende stoffers påvirkning af 
kvinders reproduktive helbred. Der er således inkluderet artikler om phthalater og fertilitet, phthalater og 
sygdommen endometriose og PFAAs og testosteron hos teenagepiger. I den forbindelse vil vi henlede 
opmærksomheden på den just udgivne video fra FIGO (International Federation of Gynecology and 
Obstetrics) om hormonforstyrrende stoffers effekter på reproduktion. Se videoen her: 
http://bit.ly/TalkingToxics 
 
Endelig har forskere fra Vækst og Reproduktion udgivet en omfattende artikel i tidsskriftet Physiological 
Reviews, der gøres opmærksom på nedenfor. 
 
God læselyst! 
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Udvalgte publikationer 
 
 
Possible Role of Phthalate in the Pathogenesis of Endometriosis: In Vitro, Animal, and Human Data. 
Kim SH, Cho S, Ihm HJ, Oh YS, Heo SH, Chun S, Im H, Chae HD, Kim CH, Kang BM. 
J Clin Endocrinol Metab. 2015 Dec;100(12):E1502-11. doi: 10.1210/jc.2015-2478. Epub 2015 Oct 6. 
 
CONTEXT: Although phthalates were shown to have several negative effects on reproductive function in 
animals, its role in the pathogenesis of endometriosis remains to be elucidated.  
OBJECTIVE: We aimed to investigate the in vitro and in vivo effects of di-(2-ethylhexyl)-phthalate (DEHP) 
and to compare the urinary levels of several phthalate metabolites between women with and without 
endometriosis.  
DESIGN: For experimental studies, we used endometrial cell culture and nonobese diabetic/severe 
combined immunodeficiency (NOD/SCID) mouse models. We also performed a prospective case-control 
study for human sample analyses. 
SETTING: The study was conducted at an academic center.  
MAIN OUTCOME MEASURES: The activities of matrix metalloproteinase (MMP)-2 and 9, cellular 
invasiveness, phosphorylation of extracellular signal-regulated kinase (Erk), and expression of p21-activated 
kinase 4 were analyzed in endometrial cells treated with DEHP. The implant size was compared between 
NOD/SCID mice fed with and without DEHP. Urinary concentrations of several phthalate metabolites were 
compared between women with and without endometriosis. 
RESULTS: In vitro treatment of endometrial cells with DEHP led to significant increases of MMP-2 and 9 
activities, cellular invasiveness, Erk phosphorylation, and p21-activated kinase 4 expression. The size of the 
endometrial implant was significantly larger in the NOD/SCID mice fed with DEHP compared with those fed 
with vehicle. The urinary concentration of mono (2-ethyl-5-hydroxyhexyl) phthalate, mono (2-ethyl-5-
oxohexyl) phthalate, and mono (2-ethyl-5-carboxyphentyl) phthalate were significantly higher in women 
with endometriosis compared with controls. 
CONCLUSION: These findings strongly suggest that exposure to phthalate may lead to establishment of 
endometriosis by enhancing invasive and proliferative activities of endometrial cells. 
 
 
Urinary Phthalate Metabolite Concentrations and Reproductive Outcomes among Women Undergoing in 
Vitro Fertilization: Results from the EARTH Study. 
Hauser R, Gaskins AJ, Souter I, Smith KW, Dodge LE, Ehrlich S, Meeker JD, Calafat AM, Williams PL; Earth 
Study Team. 
Environ Health Perspect. 2015 Nov 6. [Epub ahead of print] 
 
BACKGROUND: Evidence from both animal and human studies suggests that exposure to phthalates may be 
associated with adverse female reproductive outcomes. 
OBJECTIVE: We evaluated the associations between urinary concentrations of phthalate metabolites and 
outcomes of assisted reproductive technologies (ART). 
METHODS: This analysis included 256 women enrolled in the Environment and Reproductive Health 
(EARTH) prospective cohort study (2004-2012) who provided 1-2 urine samples per cycle prior to oocyte 
retrieval. We measured 11 urinary phthalate metabolites [mono-2-ethylhexyl phthalate (MEHP), mono-2-
ethyl-5-hydroxyhexyl phthalate (MEHHP), mono-2-ethyl-5-oxohexyl phthalate (MEOHP), mono-2-ethyl-5-
carboxypentyl phthalate (MECPP), mono-isobutyl phthalate (MiBP), mono-n-butyl phthalate (MBP), 
monobenzyl phthalate (MBzP), monoethyl phthalate (MEP), monocarboxyisooctyl phthalate (MCOP), and 
monocarboxyisononyl phthalate (MCNP), and mono(3-carboypropyl) phthalate (MCPP)]. We used 
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generalized linear mixed models to evaluate the association of urinary phthalate metabolites with IVF 
outcomes, accounting for multiple IVF cycles per woman. 
RESULTS: In multivariate models, women in the highest as compared to lowest quartile of MEHP, MEHHP, 
MEOHP, MECPP, ∑DEHP (MEHP+MEHHP+MEOHP+MECPP) and MCNP had lower oocyte yield. Similarly, the 
number of mature (MII) oocytes retrieved was lower in the highest versus lowest quartile for these same 
phthalate metabolites. The adjusted difference (95% CI) in proportion of cycles resulting in clinical 
pregnancy and live birth between women in the fourth vs. first quartile of ∑DEHP were -0.19 (-0.29, -0.08) 
and -0.19 (-0.28, -0.08), respectively, and there was also a lower proportion of cycles resulting in clinical 
pregnancy and live birth for individual DEHP metabolites. 
CONCLUSIONS: Urinary concentrations of DEHP metabolites were inversely ssociated with oocyte yield, 
clinical pregnancy and live birth following ART. 
 
 
Prenatal Exposure to Perfluoroalkyl Acids and Serum Testosterone Concentrations at 15 Years of Age in 
Female ALSPAC Study Participants 
Maisonet M, Calafat AM, Marcus M, Jaakkola JJ, Lashen H. 
Environ Health Perspect. 2015 Dec;123(12):1325-30. doi: 10.1289/ehp.1408847. Epub 2015 Jun 2. 
 
BACKGROUND: Exposure to perfluorooctane sulfonic acid (PFOS) or to perfluorooctanoic acid (PFOA) 
increases mouse and human peroxisome proliferator-activated receptor alpha (PPARα) subtype activity, 
which influences lipid metabolism. Because cholesterol is the substrate from which testosterone is 
synthesized, exposure to these substances has the potential to alter testosterone concentrations. 
OBJECTIVES: We explored associations of total testosterone and sex hormone-binding globulin (SHBG) 
concentrations at age 15 years with prenatal exposures to PFOS, PFOA, perfluorohexane sulfonic acid 
(PFHxS), and perfluoronanoic acid (PFNA) in females. 
METHODS: Prenatal concentrations of the perfluoroalkyl acids (PFAAs) were measured in serum collected 
from pregnant mothers at enrollment (1991-1992) in the Avon Longitudinal Study of Parents and Children 
(ALSPAC). The median gestational age when the maternal blood sample was obtained was 16 weeks 
(interquartile range, 11-28 weeks). Total testosterone and SHBG concentrations were measured in serum 
obtained from their daughters at 15 years of age. Associations between prenatal PFAAs concentrations and 
reproductive outcomes were estimated using linear regression models (n = 72). 
RESULTS: Adjusted total testosterone concentrations were on average 0.18-nmol/L (95% CI: 0.01, 0.35) 
higher in daughters with prenatal PFOS in the upper concentration tertile compared with daughters with 
prenatal PFOS in the lower tertile. Adjusted total testosterone concentrations were also higher in daughters 
with prenatal concentrations of PFOA (β = 0.24; 95% CI: 0.05, 0.43) and PFHxS (β = 0.18; 95% CI: 0.00, 0.35) 
in the upper tertile compared with daughters with concentrations in the lower tertile. We did not find 
evidence of associations between PFNA and total testosterone or between any of the PFAAs and SHBG. 
CONCLUSIONS: Our findings were based on a small study sample and should be interpreted with caution. 
However, they suggest that prenatal exposure to some PFAAs may alter testosterone concentrations in 
females. 
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Bruttoliste 
 
1. Prenatal exposure to perfluorinated chemicals and neurodevelopment in early infancy: The Hokkaido Study. 
Goudarzi H, Nakajima S, Ikeno T, Sasaki S, Kobayashi S, Miyashita C, Ito S, Araki A, Nakazawa H, Kishi R. 
Sci Total Environ. 2016 Jan 15;541:1002-10. doi: 10.1016/j.scitotenv.2015.10.017.  
  
2. An ultra-sensitive monoclonal antibody-based enzyme-linked immunosobent assay for dibutyl phthalate in human 
urinary. 
Zhou L, Lei Y, Zhang D, Ahmed S, Chen S. 
Sci Total Environ. 2016 Jan 15;541:570-8. doi: 10.1016/j.scitotenv.2015.09.110.  
 
3. Human exposure, hazard and risk of alternative plasticizers to phthalate esters. 
Bui TT, Giovanoulis G, Cousins AP, Magnér J, Cousins IT, de Wit CA. 
Sci Total Environ. 2016 Jan 15;541:451-67. doi: 10.1016/j.scitotenv.2015.09.036.  
 
4. Tetrabromobisphenol A and heavy metal exposure via dust ingestion in an e-waste recycling region in Southeast 
China. 
Wu Y, Li Y, Kang D, Wang J, Zhang Y, Du D, Pan B, Lin Z, Huang C, Dong Q. 
Sci Total Environ. 2016 Jan 15;541:356-64. doi: 10.1016/j.scitotenv.2015.09.038.  
 
5. Nail polish as a source of exposure to triphenyl phosphate. 
Mendelsohn E, Hagopian A, Hoffman K, Butt CM, Lorenzo A, Congleton J, Webster TF, Stapleton HM. 
Environ Int. 2016 Jan;86:45-51. doi: 10.1016/j.envint.2015.10.005.  
 
6. Development of a physiologically based pharmacokinetic model for assessment of human exposure to bisphenol A. 
Yang X, Doerge DR, Teeguarden JG, Fisher JW. 
Toxicol Appl Pharmacol. 2015 Dec 15;289(3):442-56. doi: 10.1016/j.taap.2015.10.016.  
 
7. Maternal Exposure to Synthetic Chemicals and Obesity in the Offspring: Recent Findings. 
Liu Y, Peterson KE. 
Curr Environ Health Rep. 2015 Dec;2(4):339-47. doi: 10.1007/s40572-015-0068-6. 
 
8. Trends in Exposure to Chemicals in Personal Care and Consumer Products. 
Calafat AM, Valentin-Blasini L, Ye X. 
Curr Environ Health Rep. 2015 Dec;2(4):348-55. doi: 10.1007/s40572-015-0065-9. 
 
9. Cumulative Chemical Exposures During Pregnancy and Early Development. 
Mitro SD, Johnson T, Zota AR. 
Curr Environ Health Rep. 2015 Dec;2(4):367-78. doi: 10.1007/s40572-015-0064-x. 
 
10. The Impact of Bisphenol A and Phthalates on Allergy, Asthma, and Immune Function: a Review of Latest Findings. 
Robinson L, Miller R. 
Curr Environ Health Rep. 2015 Dec;2(4):379-87. doi: 10.1007/s40572-015-0066-8. 
 
11. Executive Summary to EDC-2: The Endocrine Society's Second Scientific Statement on Endocrine-Disrupting 
Chemicals. 
Gore AC, Chappell VA, Fenton SE, Flaws JA, Nadal A, Prins GS, Toppari J, Zoeller RT. 
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Endocr Rev. 2015 Dec;36(6):593-602. doi: 10.1210/er.2015-1093.  
 
12. Prenatal Exposure to Perfluoroalkyl Acids and Serum Testosterone Concentrations at 15 Years of Age in Female 
ALSPAC Study Participants. 
Maisonet M, Calafat AM, Marcus M, Jaakkola JJ, Lashen H. 
Environ Health Perspect. 2015 Dec;123(12):1325-30. doi: 10.1289/ehp.1408847.  
 
13. Biomonitoring of human exposures to chlorinated derivatives and structural analogs of bisphenol A. 
Andra SS, Charisiadis P, Arora M, van Vliet-Ostaptchouk JV, Makris KC. 
Environ Int. 2015 Dec;85:352-79. doi: 10.1016/j.envint.2015.09.011. Review. 
 
14. Maternal urinary bisphenol A levels and infant low birth weight: A nested case-control study of the Health Baby 
Cohort in China. 
Huo W, Xia W, Wan Y, Zhang B, Zhou A, Zhang Y, Huang K, Zhu Y, Wu C, Peng Y, Jiang M, Hu J, Chang H, Xu B, Li Y, Xu S. 
Environ Int. 2015 Dec;85:96-103. doi: 10.1016/j.envint.2015.09.005.  
 
15. Use of pooled samples to assess human exposure to parabens, benzophenone-3 and triclosan in Queensland, 
Australia. 
Heffernan AL, Baduel C, Toms LM, Calafat AM, Ye X, Hobson P, Broomhall S, Mueller JF. 
Environ Int. 2015 Dec;85:77-83. doi: 10.1016/j.envint.2015.09.001.  
 
16. Phthalate exposure and reproductive parameters in young men from the general Swedish population. 
Axelsson J, Rylander L, Rignell-Hydbom A, Jönsson BA, Lindh CH, Giwercman A. 
Environ Int. 2015 Dec;85:54-60. doi: 10.1016/j.envint.2015.07.005. 
  
17. "Plastic ocean": What about cancer? 
Erren TC, Groß JV, Steffany F, Meyer-Rochow VB. 
Environ Pollut. 2015 Dec;207:436-7. doi: 10.1016/j.envpol.2015.05.025. 
 
18. Phthalate metabolites in urine samples from Beijing children and correlations with phthalate levels in their 
handwipes. 
Gong M, Weschler CJ, Liu L, Shen H, Huang L, Sundell J, Zhang Y. 
Indoor Air. 2015 Dec;25(6):572-81. doi: 10.1111/ina.12179.  
 
19. Association of PAEs with Precocious Puberty in Children: A Systematic Review and Meta-Analysis. 
Wen Y, Liu SD, Lei X, Ling YS, Luo Y, Liu Q. 
Int J Environ Res Public Health. 2015 Dec 1;12(12):15254-68. doi: 10.3390/ijerph121214974. 
 
20. Possible Role of Phthalate in the Pathogenesis of Endometriosis: In Vitro, Animal, and Human Data. 
Kim SH, Cho S, Ihm HJ, Oh YS, Heo SH, Chun S, Im H, Chae HD, Kim CH, Kang BM. 
J Clin Endocrinol Metab. 2015 Dec;100(12):E1502-E1511.  
 
21. Sex-dependent effects of developmental exposure to bisphenol A and ethinyl estradiol on metabolic parameters 
and voluntary physical activity. 
Johnson SA, Painter MS, Javurek AB, Ellersieck MR, Wiedmeyer CE, Thyfault JP, Rosenfeld CS. 
J Dev Orig Health Dis. 2015 Dec;6(6):539-52. doi: 10.1017/S2040174415001488.  
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22. Re: Exposure to Bisphenol-A and Reproductive Hormones among Male Adults. 
Niederberger C. 
J Urol. 2015 Dec;194(6):1711-2. doi: 10.1016/j.juro.2015.09.044. Epub 2015 Oct 23. No abstract available. 
 
23. Mass transfer of PBDEs from plastic TV casing to indoor dust via three migration pathways--A test chamber 
investigation. 
Rauert C, Harrad S. 
Sci Total Environ. 2015 Dec 1;536:568-74. doi: 10.1016/j.scitotenv.2015.07.050.  
 
24. Estimation of tetrabromobisphenol A (TBBPA) percutaneous uptake in humans using the parallelogram method. 
Knudsen GA, Hughes MF, McIntosh KL, Sanders JM, Birnbaum LS. 
Toxicol Appl Pharmacol. 2015 Dec 1;289(2):323-9. doi: 10.1016/j.taap.2015.09.012.  
 
25. Occurrence and Profiles of the Artificial Endocrine Disruptor Bisphenol A and Natural Endocrine Disruptor 
Phytoestrogens in Urine from Children in China. 
Zhang M, Duan Z, Wu Y, Liu Z, Li K, Wang L. 
Int J Environ Res Public Health. 2015 Nov 30;12(12):15110-7. doi: 10.3390/ijerph121214964. 
 
26. A simple method to measure the gas-phase SVOC concentration adjacent to a material surface. 
Wu Y, Xie M, Cox SS, Marr LC, Little JC. 
Indoor Air. 2015 Nov 26. doi: 10.1111/ina.12270. [Epub ahead of print] 
 
27. Phthalate monoesters in association with uterine leiomyomata in Shanghai. 
Sun J, Zhang MR, Zhang LQ, Zhao D, Li SG, Chen B. 
Int J Environ Health Res. 2015 Nov 26:1-11. [Epub ahead of print] 
 
28. Metabolism and elimination of methyl, iso- and n-butyl paraben in human urine after single oral dosage. 
Moos RK, Angerer J, Dierkes G, Brüning T, Koch HM. 
Arch Toxicol. 2015 Nov 25. [Epub ahead of print] 
 
29. Pregnant women's navigation of information on everyday household chemicals: phthalates as a case study. 
Ashley JM, Hodgson A, Sharma S, Nisker J. 
BMC Pregnancy Childbirth. 2015 Nov 25;15(1):312. doi: 10.1186/s12884-015-0748-0. 
 
30. Urinary phthalate metabolites and depression in an elderly population: National Health and Nutrition Examination 
Survey 2005-2012. 
Kim KN, Choi YH, Lim YH, Hong YC. 
Environ Res. 2015 Nov 25;145:61-67. doi: 10.1016/j.envres.2015.11.021. [Epub ahead of print] 
 
31. Exposure to polybrominated diphenyls ether (PBDE) and Hypothyroidism in Canadian women. 
Youssef O, Jonathan C, Maryse BF. 
J Clin Endocrinol Metab. 2015 Nov 25:jc20152659. [Epub ahead of print] 
 
32. Prenatal exposure to endocrine disrupting chemicals and birth weight-A prospective cohort study. 
de Cock M, De Boer MR, Lamoree M, Legler J, Van De Bor M. 
J Environ Sci Health A Tox Hazard Subst Environ Eng. 2015 Nov 25:1-8. [Epub ahead of print] 
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33. Phthalate exposure and semen quality in fertile US men. 
Thurston SW, Mendiola J, Bellamy AR, Levine H, Wang C, Sparks A, Redmon JB, Drobnis EZ, Swan SH. 
Andrology. 2015 Nov 24. doi: 10.1111/andr.12124. [Epub ahead of print] 
 
34. Occurrence and Profile Characteristics of the Pesticide Imidacloprid, Preservative Parabens, and Their Metabolites 
in Human Urine from Rural and Urban China. 
Wang L, Liu T, Liu F, Zhang J, Wu Y, Sun H. 
Environ Sci Technol. 2015 Nov 24. [Epub ahead of print] 
 
35. Association between perfluoroalkyl acids and kidney function in a cross-sectional study of adolescents. 
Kataria A, Trachtman H, Malaga-Dieguez L, Trasande L. 
Environ Health. 2015 Nov 21;14(1):89. doi: 10.1186/s12940-015-0077-9. 
 
36. Benzoic Acid and Its Derivatives as Naturally Occurring Compounds in Foods and as Additives: Uses, Exposure and 
Controversy. 
Del Olmo A, Calzada J, Nuñez M. 
Crit Rev Food Sci Nutr. 2015 Nov 20:0. [Epub ahead of print] 
 
37. Associations between bone mineral density and urinary phthalate metabolites among post-menopausal women: a 
cross-sectional study of NHANES data 2005-2010. 
DeFlorio-Barker SA, Turyk ME. 
Int J Environ Health Res. 2015 Nov 20:1-20. [Epub ahead of print] 
 
38. High Exposure to Organophosphate Flame Retardants in Infants: Associations with Baby Products. 
Hoffman K, Butt CM, Chen A, Limkakeng AT Jr, Stapleton HM. 
Environ Sci Technol. 2015 Nov 19. [Epub ahead of print] 
 
39. Bisphenol A and other phenols in human placenta from children with cryptorchidism or hypospadias. 
Fernández MF, Arrebola JP, Jiménez-Díaz I, Sáenz, Molina-Molina JM, Ballesteros O, Kortenkamp A, Olea N. 
Reprod Toxicol. 2015 Nov 18. pii: S0890-6238(15)30047-2. doi: 10.1016/j.reprotox.2015.11.002. [Epub ahead of print] 
 
40. Prenatal Stress as a Modifier of Associations between Phthalate Exposure and Reproductive Development: results 
from a Multicentre Pregnancy Cohort Study. 
Barrett ES, Parlett LE, Sathyanarayana S, Redmon JB, Nguyen RH, Swan SH. 
Paediatr Perinat Epidemiol. 2015 Nov 17. doi: 10.1111/ppe.12264. [Epub ahead of print] 
 
41. Prenatal exposure to bisphenol-A is associated with Toll-like receptor induced cytokine suppression in neonates. 
Liao SL, Tsai MH, Lai SH, Yao TC, Hua MC, Yeh KW, Chiang CH, Huang SY, Huang JL. 
Pediatr Res. 2015 Nov 16. doi: 10.1038/pr.2015.234. [Epub ahead of print] 
 
42. Urinary phthalate metabolites and ovarian reserve among women seeking infertility care. 
Messerlian C, Souter I, Gaskins AJ, Williams PL, Ford JB, Chiu YH, Calafat AM, Hauser R; Earth Study Team. 
Hum Reprod. 2015 Nov 15. pii: dev292. [Epub ahead of print] 
 
43. Role of Oxidative Stress in Male Reproductive Dysfunctions with Reference to Phthalate Compounds. 
Sedha S, Kumar S, Shukla S. 
Urol J. 2015 Nov 14;12(5):2304-16. 
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44. Organophosphorus flame retardants and phthalate esters in indoor dust from different microenvironments: 
Bioaccessibility and risk assessment. 
He R, Li Y, Xiang P, Li C, Zhou C, Zhang S, Cui X, Ma LQ. 
Chemosphere. 2015 Nov 13. pii: S0045-6535(15)30282-4. doi: 10.1016/j.chemosphere.2015.10.087. [Epub ahead of 
print] 
 
45. Phthalates Exert Multiple Effects on Leydig Cell Steroidogenesis. 
Svechnikov K, Savchuk I, Morvan ML, Antignac JP, Le Bizec B, Söder O. 
Horm Res Paediatr. 2015 Nov 12. [Epub ahead of print] 
 
46. Assessing bisphenol A (BPA) exposure risk from long-term dietary intakes in Taiwan. 
Chen WY, Shen YP, Chen SC. 
Sci Total Environ. 2015 Nov 12;543(Pt A):140-146. doi: 10.1016/j.scitotenv.2015.11.029. [Epub ahead of print] 
 
47. Prenatal perfluoroalkyl substance exposure and child adiposity at 8 years of age: The HOME study. 
Braun JM, Chen A, Romano ME, Calafat AM, Webster GM, Yolton K, Lanphear BP. 
Obesity (Silver Spring). 2015 Nov 11. doi: 10.1002/oby.21258. [Epub ahead of print] 
 
48. Phthalate metabolites in urine of Chinese young adults: Concentration, profile, exposure and cumulative risk 
assessment. 
Gao CJ, Liu LY, Ma WL, Ren NQ, Guo Y, Zhu NZ, Jiang L, Li YF, Kannan K. 
Sci Total Environ. 2015 Nov 11;543(Pt A):19-27. doi: 10.1016/j.scitotenv.2015.11.005. [Epub ahead of print] 
 
49. Urinary Phthalate Metabolite Concentrations and Reproductive Outcomes among Women Undergoing in 
Vitro Fertilization: Results from the EARTH Study. 
Hauser R, Gaskins AJ, Souter I, Smith KW, Dodge LE, Ehrlich S, Meeker JD, Calafat AM, Williams PL; Earth Study 
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Udvalgte publikationer 

2 artikler er blevet udvalgt til nærmere beskrivelse baseret på, at de beskriver resultater der bidrager til ny 
eller yderligere viden om grupper af hormonforstyrrende stoffer. 

Den første artikel omhandler in vitro studier af persistente organiske miljøgiftes (POPs) evne til at påvirke 
aktiviteten af glucocorticoid receptoren (GR) og dermed påvirkning af glucocorticoid hormon systemet. 

Den anden artikel omhandler et studie af to phthalaters (DNOP og DPhP) effekt på aktiviteten af UDP-
glucuronosyltransferaser (UGTs), en gruppe phase II enzymer som spiller en vigtig rolle båder for 
metaboliseringen af fremmedstoffer men også endogene stoffer heriblandt visse hormoner. 

 
 
Do persistent organic pollutants interact with the stress response? Individual compounds, and their 
mixtures, interaction with the glucocorticoid receptor. 
Wilson J, Friis Berntsen H, Elisabeth Zimmer K, Verhaegen S, Frizzell C, Ropstad E, Connolly L. 
Toxicol Lett. 2015 Nov 17. pii: S0378-4274(15)30112-0. doi: 10.1016/j.toxlet.2015.11.014. [Epub ahead of 
print] 
 
Persistent organic pollutants (POPs) are toxic substances, highly resistant to environmental degradation, 
which can bio-accumulate and have long-range atmospheric transport potential (UNEP, 2001). The majority 
of studies on endocrine disruption have focused on interferences on the sexual steroid hormones and so 
have overlooked disruption to glucocorticoid hormones. Here the endocrine disrupting potential of 
individual POPs and their mixtures has been investigated in vitro to identify any disruption to glucocorticoid 
nuclear receptor transcriptional activity. POP mixtures were screened for glucocorticoid receptor (GR) 
translocation using a GR redistribution assay (RA) on a CellInsight™ NXT high content screening (HCS) 
platform. A mammalian reporter gene assay (RGA) was then used to assess the individual POPs, and their 
mixtures, for effects on glucocorticoid nuclear receptor transactivation. POP mixtures did not induce GR 
translocation in the GR RA or produce an agonist response in the GR RGA. However, in the antagonist test, 
in the presence of cortisol, an individual POP, p,p'-dichlorodiphenyldichloroethylene (p,p'-DDE), was found 
to decrease glucocorticoid nuclear receptor transcriptional activity to 72.5% (in comparison to the positive 
cortisol control). Enhanced nuclear transcriptional activity, in the presence of cortisol, was evident for the 
two lowest concentrations of perfluorodecanoic acid (PFOS) potassium salt (0.0147mg/ml and 
0.0294mg/ml), the two highest concentrations of perfluorodecanoic acid (PFDA) (0.0025mg/ml and 
0.005mg/ml) and the highest concentration of 2,2',4,4'-tetrabromodiphenyl ether (BDE-47) 
(0.0000858mg/ml). It is important to gain a better understanding of how POPs can interact with GRs as the 
disruption of glucocorticoid action is thought to contribute to complex diseases. 
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New insights into the risk of phthalates: Inhibition of UDP-glucuronosyltransferases 
Liu X, Cao YF, Ran RX, Dong PP, Gonzalez FJ, Wu X, Huang T, Chen JX, Fu ZW, Li RS, Liu YZ, Sun HZ, Fang ZZ. 
Chemosphere. 2015 Nov 5;144:1966-1972. doi: 10.1016/j.chemosphere.2015.10.076. [Epub ahead of print] 
 
Wide utilization of phthalates-containing products results in the significant exposure of humans to these 
compounds. Many adverse effects of phthalates have been documented in rodent models, but their effects 
in humans exposed to these chemicals remain unclear until more mechanistic studies on phthalate 
toxicities can be carried out. To provide new insights to predict the potential adverse effects of phthalates 
in humans, the recent study investigated the inhibition of representative phthalates di-n-octyl ortho-
phthalate (DNOP) and diphenyl phthalate (DPhP) towards the important xenobiotic and endobiotic-
metabolizing UDP-glucuronosyltransferases (UGTs). An in vitro UGTs incubation system was employed to 
study the inhibition of DNOP and DPhP towards UGT isoforms. DPhP and DNOP weakly inhibited the 
activities of UGT1A1, UGT1A7, and UGT1A8. 100 μM of DNOP inhibited the activities of UGT1A3, UGT1A9, 
and UGT2B7 by 41.8% (p < 0.01), 45.6% (p < 0.01), and 48.8% (p < 0.01), respectively. 100 μM of DPhP 
inhibited the activity of UGT1A3, UGT1A6, and UGT1A9 by 81.8 (p < 0.001), 49.1% (p < 0.05), and 76.4% 
(p < 0.001), respectively. In silico analysis was used to explain the stronger inhibition of DPhP than DNOP 
towards UGT1A3 activity. Kinetics studies were carried out to determine mechanism of inhibition of 
UGT1A3 by DPhP. Both Dixon and Lineweaver-Burk plots showed the competitive inhibition of DPhP 
towards UGT1A3. The inhibition kinetic parameter (Ki) was calculated to be 0.89 μM. Based on the [I]/Ki 
standard ([I]/Ki < 0.1, low possibility; 1>[I]/Ki > 0.1, medium possibility; [I]/Ki > 1, high possibility), these 
studies predicted in vivo drug-drug interaction might occur when the plasma concentration of DPhP was 
above 0.089 μM. Taken together, this study reveals the potential for adverse effects of phthalates DNOP 
and DPhP as a result of UGT inhibition. 
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20. Phthalates Exert Multiple Effects on Leydig Cell Steroidogenesis. 
Svechnikov K, Savchuk I, Morvan ML, Antignac JP, Le Bizec B, Söder O. 
Horm Res Paediatr. 2015 Nov 12. [Epub ahead of print] 
 
21. p53-dependent apoptosis contributes to di-(2-ethylhexyl) phthalate-induced hepatotoxicity. 
Ha M, Wei L, Guan X, Li L, Liu C. 
Environ Pollut. 2015 Nov 6. pii: S0269-7491(15)30112-3. doi: 10.1016/j.envpol.2015.10.009. [Epub ahead of print] 
 
22. New insights into the risk of phthalates: Inhibition of UDP-glucuronosyltransferases. 
Liu X, Cao YF, Ran RX, Dong PP, Gonzalez FJ, Wu X, Huang T, Chen JX, Fu ZW, Li RS, Liu YZ, Sun HZ, Fang ZZ. 
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23. Endoplasmic reticulum stress as a novel cellular response to di (2-ethylhexyl) phthalate exposure. 
Peropadre A, Fernández Freire P, Pérez Martín JM, Herrero Ó, Hazen MJ. 
Toxicol In Vitro. 2015 Oct 26. pii: S0887-2333(15)00268-4. doi: 10.1016/j.tiv.2015.10.009. [Epub ahead of print] No 
abstract available.  
 
24. Mono-(2-ethylhexyl) phthalate (MEHP) affects intercellular junctions of Sertoli cell: A potential role of oxidative 
stress. 
Sobarzo CM, Rosana NM, Livia L, Berta D, Schteingart HF. 
Reprod Toxicol. 2015 Oct 20;58:203-212. doi: 10.1016/j.reprotox.2015.10.010. [Epub ahead of print] 
 
25. [Cu(o-phthalate)(phenanthroline)] Exhibits Unique Superoxide-Mediated NCI-60 Chemotherapeutic Action through 
Genomic DNA Damage and Mitochondrial Dysfunction. 
Slator C, Barron N, Howe O, Kellett A. 
ACS Chem Biol. 2015 Nov 10. [Epub ahead of print] 
 
26. Comparison of toxicogenomic responses to phthalate ester exposure in an organotypic testis co-culture model and 
responses observed in vivo. 
Harris S, Hermsen SA, Yu X, Hong SW, Faustman EM. 
Reprod Toxicol. 2015 Oct 22;58:149-159. doi: 10.1016/j.reprotox.2015.10.002. [Epub ahead of print] 
 
27. Possible role of phthalate in the pathogenesis of endometriosis: in vitro, animal, and human data. 
Kim SH, Cho S, Ihm HJ, Oh YS, Heo SH, Chun S, Im H, Chae HD, Kim CH, Kang BM. 
J Clin Endocrinol Metab. 2015 Oct 6:jc20152478. [Epub ahead of print] 
 
Herudover er der yderligere 1 artikel, som ikke blev fanget af de valgte søgekriterier: 
28. Triclosan and bisphenol a affect decidualization of human endometrial stromal cells. 
Forte M, Mita L, Cobellis L, Merafina V, Specchio R, Rossi S, Mita DG, Mosca L, Castaldi MA, De Falco M, Laforgia V, 
Crispi S. 
Mol Cell Endocrinol. 2015 Nov 19. pii: S0303-7207(15)30142-8. doi: 10.1016/j.mce.2015.11.017. [Epub ahead of print] 

 

 

24 
 



In vivo studier ved DTU Fødevareinstituttet 
 

Søgning er udført på PubMed og dækker perioden Juli - ultimo September 2015  

Følgende søgeprofil er benyttet i PubMed: ((endocrine disrupt*) AND (rat OR mice OR mammal*)) OR 
((endocrine disrupt*) AND (in vivo*)) OR ((endocrine disrupt*) AND (Paraben*)) OR ((endocrine disrupt*) 
AND (Phthalat*)) OR ((Endocrine disrupt* AND (antiandrogen)) OR ((endocrine disrupt*) AND (behaviour 
OR behavior*)) OR ((Endocrine disrupt*) AND (Bisphenol A or BPA) OR ((PFAS* OR Perfluor*) AND 
(endocrine disrupt*) AND risk assessment 

Efter at have fjernet gengangere fra dem vi havde med på den forrige litteraturopdateringsliste samt in 
vitro, human eller SDU relevante artikler, gav litteratursøgningen en liste med i alt 36 artikler (Bruttolisten).  

Udvalgte publikationer: 
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Udvalgte publikationer 

To artikler er blevet udvalgt til nærmere beskrivelse (abstrakt og konklusion). Disse artikler er valgt 
fordi vi mener de bidrager til ny viden om hormonforstyrrende stoffer og her er der særligt fokus 
på phthalater og mix (Howdeshell et al. 2015) og Flutamid Lavdosis og non monotonicitet (Fussell 
et al. 2015).  
 
Rigtig God læselyst.  
 
 

 

Dose Addition Models Based on Biologically Relevant Reductions in Fetal Testosterone Accurately Predict 
Postnatal Reproductive Tract Alterations by a Phthalate Mixture in Rats.  
Howdeshell KL, Rider CV, Wilson VS, Furr JR, Lambright CR, Gray LE Jr. 
Toxicol Sci. 2015 Dec;148(2):488-502. doi: 10.1093/toxsci/kfv196. Epub 2015 Sep 8.  
 
Challenges in cumulative risk assessment of anti-androgenic phthalate mixtures include a lack of data on all 
the individual phthalates and difficulty determining the biological relevance of reduction in fetal 
testosterone (T) on postnatal development. The objectives of the current study were 2-fold: (1) to test 
whether a mixture model of dose addition based on the fetal T production data of individual phthalates 
would predict the effects of a 5 phthalate mixture on androgen-sensitive postnatal male reproductive tract 
development, and (2) to determine the biological relevance of the reductions in fetal T to induce abnormal 
postnatal reproductive tract development using data from the mixture study. We administered a dose 
range of the mixture (60, 40, 20, 10, and 5% of the top dose used in the previous fetal T production study 
consisting of 300 mg/kg per chemical of benzyl butyl (BBP), di(n)butyl (DBP), diethyl hexyl phthalate (DEHP), 
di-isobutyl phthalate (DiBP), and 100 mg dipentyl (DPP) phthalate/kg; the individual phthalates were 
present in equipotent doses based on their ability to reduce fetal T production) via gavage to Sprague 
Dawley rat dams on GD8-postnatal day 3. We compared observed mixture responses to predictions of dose 
addition based on the previously published potencies of the individual phthalates to reduce fetal T 
production relative to a reference chemical and published postnatal data for the reference chemical (called 
DAref). In addition, we predicted DA (called DAall) and response addition (RA) based on logistic regression 
analysis of all 5 individual phthalates when complete data were available. DA ref and DA all accurately 
predicted the observed mixture effect for 11 of 14 endpoints. Furthermore, reproductive tract 
malformations were seen in 17-100% of F1 males when fetal T production was reduced by about 25-72%, 
respectively. 
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Investigations of putative reproductive toxicity of low-dose exposures to flutamide in Wistar rats 
Fussell KC, Schneider S, Buesen R, Groeters S, Strauss V, Melching-Kollmuss S, van Ravenzwaay B.  
Arch Toxicol. 2015 Dec;89(12):2385-402. doi: 10.1007/s00204-015-1622-6. Epub 2015 Nov 2. 
 
The current investigation examines whether the model anti-androgenic substance flutamide is capable of 
disrupting endocrine homeostasis at very low doses. The data generated clarify whether a non-monotonic 
dose-response relationship exists to enhance the current debate about the regulation of endocrine 
disruptors. Moreover, it is part of a series of investigations assessing the dose-response relationship of 
single and combined administration of anti-androgenic substances. A pre-postnatal in vivo study design was 
chosen, which was compliant with regulatory testing protocols. The test design was improved by additional 
endpoints addressing hormone levels, morphology, and histopathological examinations. Doses were chosen 
to represent a clear effect level (2.5 mg/kg bw/d), a low endocrine effect level (LOAEL, 0.25 mg/kg bw/d), a 
NOAEL for endocrine effects (0.025 mg/kg bw/d), a further dose at 0.0025 mg/kg bw/d flutamide, as well as 
an "ADI" (0.00025 mg/kg bw/d or 100-fold below the NOAEL) for the detection of a possible non-monotonic 
dose-response curve. Anti-androgenic changes were observable at LOAEL and the clear effect dose level 
but not at lower exposures. Nipple retention appeared to be the most sensitive measure of anti-androgenic 
effects, followed by age at sexual maturation, anogenital distance/anogenital index and male sex organ 
weights, as well as gross and histopathological findings. The results of all five doses indicate the absence of 
evidence for effects at very low dose levels. A non-monotonic dose-response relationship was not evident 
for the anti-androgenic drug flutamide. 
 
 
 
 
  

27 
 



Bruttolisten 
 
1. Developmental exposure to Ethinylestradiol affects transgenerationally sexual behavior and neuroendocrine 
networks in male mice. 
Derouiche L, Keller M, Duittoz AH, Pillon D. 
Sci Rep. 2015 Dec 7;5:17457. doi: 10.1038/srep17457. 
 
2. The Mammalian "Obesogen" Tributyltin Targets Hepatic Triglyceride Accumulation and the Transcriptional 
Regulation of Lipid Metabolism in the Liver and Brain of Zebrafish. 
Lyssimachou A, Santos JG, André A, Soares J, Lima D, Guimarães L, Almeida CM, Teixeira C, Castro LF, Santos MM. 
PLoS One. 2015 Dec 3;10(12):e0143911. doi: 10.1371/journal.pone.0143911. eCollection 2015. 
 
3. Mechanisms of Disruptive Action of Dichlorodiphenyltrichloroethane (DDT) on the Function of Thyroid Follicular 
Epitheliocytes. 
Yaglova NV, Yaglov VV. 
Bull Exp Biol Med. 2015 Dec;160(2):231-3. doi: 10.1007/s10517-015-3136-x. Epub 2015 Dec 1. 

 
4. Two-hit exposure to polychlorinated biphenyls at gestational and juvenile life stages: 2. Sex-specific neuromolecular 
effects in the brain. 
Bell MR, Hart BG, Gore AC. 
Mol Cell Endocrinol. 2015 Nov 24. pii: S0303-7207(15)30148-9. doi: 10.1016/j.mce.2015.11.024. [Epub ahead of print] 
 
5. Effect of polybrominated diphenyl ether (BDE-209) on testicular steroidogenesis and spermatogenesis through 
altered thyroid status in adult mice. 
Sarkar D, Chowdhury JP, Singh SK. 
Gen Comp Endocrinol. 2015 Nov 19. pii: S0016-6480(15)30025-3. doi: 10.1016/j.ygcen.2015.11.009. [Epub ahead of  
 
6. Sexually antagonistic epigenetic marks that canalize sexually dimorphic development. 
Rice WR, Friberg U, Gavrilets S. 
Mol Ecol. 2015 Nov 24. doi: 10.1111/mec.13490. [Epub ahead of print] 
 
7. Do persistent organic pollutants interact with the stress response? Individual compounds, and their mixtures, 
interaction with the glucocorticoid receptor. 
Wilson J, Berntsen HF, Zimmer KE, Verhaegen S, Frizzell C, Ropstad E, Connolly L. 
Toxicol Lett. 2015 Nov 17;241:121-132. doi: 10.1016/j.toxlet.2015.11.014. [Epub ahead of print] 
 
8. Two-hit exposure to polychlorinated biphenyls at gestational and juvenile life stages: 1. Sexually dimorphic effects 
on social and anxiety-like behaviors. 
Bell MR, Thompson LM, Rodriguez K, Gore AC. 
Horm Behav. 2015 Nov 21. pii: S0018-506X(15)30179-3. doi: 10.1016/j.yhbeh.2015.11.007. [Epub ahead of print] 
 
9. Exposure to the mixture of organophosphorus pesticides is embryotoxic and teratogenic on gestational rats during 
the sensitive period. 
Yu Y, Yang Y, Zhao X, Liu X, Xue J, Zhang J, Yang A. 
Environ Toxicol. 2015 Nov 21. doi: 10.1002/tox.22219. [Epub ahead of print] 
 
10. Prediction of the endocrine disruption profile of pesticides. 
Devillers J, Bro E, Millot F. 
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12. Acute iron overload leads to hypothalamic-pituitary-gonadal axis abnormalities in female rats. 
Rossi EM, Marques VB, Nunes Dde O, Carneiro MT, Podratz PL, Merlo E, dos Santos L, Graceli JB. 
Toxicol Lett. 2016 Jan 5;240(1):196-213. doi: 10.1016/j.toxlet.2015.10.027. Epub 2015 Nov 1. 
 
13. Failure of a single dose of medroxyprogesterone acetate to induce uterine infertility in postnatally treated 
domestic cats. 
Lopez Merlo M, Faya M, Blanco PG, Carransa A, Barbeito C, Gobello C. 
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19. Effects of High-Butterfat Diet on Embryo Implantation in Female Rats Exposed to Bisphenol A. 
Martinez AM, Cheong A, Ying J, Xue J, Kannan K, Leung YK, Thomas MA, Ho SM. 
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Wildlife studier ved Biologisk Institut, Syddansk Universitet (SDU) 
 
Søgningen er udført på Web of Knowledge (all databases) og dækker perioden 29/9 - 8/12 2015. 
 
Søgeprofilen kombinerer:   ”Endocrine disrupt*” and  Fish* 

Amphibia* 
Bird* OR avia* 
Invertebrat* 
Mollus* 
Gastropod* 
Insect* 
Crustacea* 
Echinoderm* 
Ursus 
Reptil* OR alligator 
Whal* OR seal* OR dolphin* 

 
Fra bruttolisten (længere nede i dokumentet) er udvalgt fire artikler til medtagelse af abstract og yderligere 
kommentarer.  
Kriterierne for udvælgelsen af publikationer til kommentering er, at de bidrager til ny viden omkring 
effekter af og virkningsmekanismer for hormonforstyrrende stoffer i ’wildlife’ og/eller at de repræsenterer 
vigtig viden, som vurderes at have særlig interesse for Miljøstyrelsen bl.a. i forbindelse med styrelsens 
fokus på udvikling af testmetoder. Desuden kommenteres artikler, der omhandler ’nye’ stoffer og 
miljøfaktorer, der har vist sig hormonforstyrrende; specielt hvis disse har relevans for danske forhold. 
Endelig medtages efter Miljøstyrelsens ønske artikler, der omhandler parabener. 
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Udvalgte publikationer 
 
Environmental chemicals active as human antiandrogens do not activate a stickleback androgen receptor 
but enhance a feminising effect of oestrogen in roach. 
Lange A, Sebire M, Rostkowski P, Mizutani T, Miyagawa S, Iguchi T, Hill EM, Tyler CR. 
Aquatic Toxicology 168: 48-59. 
 
ABSTRACT: Sexual disruption is reported in wild fish populations living in freshwaters receiving discharges 
of wastewater treatment works (WwTW) effluents and is associated primarily with the feminisation of 
males by exposure to oestrogenic chemicals. Antiandrogens could also contribute to the feminisation of 
male fish, but there are far less data supporting this hypothesis and almost nothing is known for the effects 
of oestrogens in combination with antiandrogens in fish. We conducted a series of in vivo exposures in two 
fish species to investigate the potency on reproductive-relevant endpoints of the antiandrogenic antimi-
crobials triclosan (TCS), chlorophene (CP) and dichlorophene (DCP) and the resin, abietic acid (AbA), all 
found widely in WwTW effluents. We also undertook exposures with a mixture of antiandrogens and a 
mixture of antiandrogens in combination with the oestrogen 17α-ethinyloestradiol (EE2). In stickleback 
(Gasterosteus aculeatus), DCP showed a tendency to reduce spiggin induction in females androgenised by 
dihydrotestosterone (DHT), but these findings were not conclusive. In roach (Rutilus rutilus), exposures to 
DCP (178 days), or a mixture of TCS, CP and AbA (185 days), or to the model antiandrogen flutamide (FL,178 
days) had no effect on gonadal sex ratio or on the development of the reproductive ducts. Exposure to EE2 
(1.5 ng/L, 185 days) induced feminisation of the ducts in 17% of the males and in the mixture of 
antiandrogens (TCS, CP, AbA) in combination with EE2, almost all (96%) of the males had a feminized 
reproductive ducts. In stickleback androgen receptor (ARα and ARβ) transactivation assays, the model 
antiandrogens, FL and procymidone inhibited 11-ketotestosterone (11-KT) induced receptor activation, but 
none of the human antiandrogens, TCS, CP, DCP and AbA had an effect. These data indicate that antimi-
crobial antiandrogens in combination can contribute to the feminisation process in exposed males, but they 
do not appear to act through the androgen receptor in fish. 
 
 
Acute exposure to synthetic pyrethroids causes bioconcentration and disruption of the hypothalamus-
pituitary-thyroid axis in zebrafish embryos. 
Tu W, Xu C, Lu B, Lin C, Wu Y, Liu W. 
 
ABSTRACT: Synthetic pyrethroids (SPs) have the potential to disrupt the thyroid endocrine system in 
mammals; however, little is known of the effects of SPs and underlying mechanisms in fish. In the current 
study, embryonic zebrafish were exposed to various concentrations (1, 3 and 10 μg/L) of bifenthrin (BF) or 
λ-cyhalothrin (λ-CH) until 72 h post fertilization, and body condition, bioaccumulation, thyroid hormone 
levels and transcription of related genes along the hypothalamus–pituitary–thyroid (HPT) axis examined. 
Bodyweightwas significantly decreased in the λ-CH exposure groups, but not the BF exposure groups. BF 
and λ-CH markedly accumulated in the larvae, with concentrations ranging from 90.7 to 596.8 ng/g. In both 
exposure groups, alterations were observed in thyroxine (T4) and triiodothyronine (T3) levels. In addition, 
the majority of the HPT axis-related genes examined, including CRH, TSHβ, TTR, UGT1ab, Pax8, Dio2 and 
TRα, were significantly upregulated in the presence of BF. Compared to BF, λ-CH induced different 
transcriptional regulation patterns of the tested genes, in particular, significant stimulation of TTR, Pax8, 
Dio2 and TRα levels alongwith concomitant downregulation of Dio1. Molecular docking analyses revealed 
that at the atomic level, BF binds to thyroid hormone receptor (TRα) protein more potently than λ-CH, 
consequently affecting HPT axis signal transduction. In vitro and in silico experiments disclosed that during 
the early stages of zebrafish development, BF and λ-CH have the potential to disrupt thyroid endocrine 
system. 
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Toxicopathological effects of the sunscreen UV filter, oxybenzone (benzophenone-3), on coral planulae 
and cultured primary cells and its environmental contamination in Hawaii and the U.S. Virgin Islands. 
Downs CA, Kramarsky-Winter E, Segal R, Fauth J, Knutson S, Bronstein O, Ciner FR, Jeger R, Lichtenfeld Y, 
Woodley CM, Pennington P, Cadenas K, Kushmaro A, Loya Y. 
 
ABSTRACT: Benzophenone-3 (BP-3; oxybenzone) is an ingredient in sunscreen lotions and personal-care 
products that protects against the damaging effects of ultraviolet light. Oxybenzone is an emerging 
contaminant of concern in marine environments—produced by swimmers and municipal, residential, and 
boat/ship wastewater discharges. We examined the effects of oxybenzone on the larval form (planula) of 
the coral Stylophora pistillata, as well as its toxicity in vitro to coral cells from this and six other coral 
species. Oxybenzone is a photo-toxicant; adverse effects are exacerbated in the light. Whether in darkness 
or light, oxybenzone transformed planulae from a motile state to a deformed, sessile condition. Planulae 
exhibited an increasing rate of coral bleaching in response to increasing concentrations of oxybenzone. 
Oxybenzone is a genotoxicant to corals, exhibiting a positive relationship between DNA-AP lesions and 
increasing oxybenzone concentrations. Oxybenzone is a skeletal endocrine disruptor; it induced ossification 
of the planula, encasing the entire planula in its own skeleton. The LC50 of planulae exposed to oxybenzone 
in the light for an 8- and 24-h exposure was 3.1 mg/L and 139 µg/L, respectively. The LC50s for oxybenzone 
in darkness for the same time points were 16.8 mg/L and 779 µg/L. Deformity EC20 levels (24 h) of planulae 
exposed to oxybenzone were 6.5 µg/L in the light and 10 µg/L in darkness. Coral cell LC50s (4 h, in the light) 
for 7 different coral species ranges from 8 to 340 µg/L, whereas LC20s (4 h, in the light) for the same 
species ranges from 0.062 to 8 µg/L. Coral reef contamination of oxybenzone in the U.S. Virgin Islands 
ranged from 75 µg/L to 1.4 mg/L, whereas Hawaiian sites were contaminated between 0.8 and 19.2 µg/L. 
Oxybenzone poses a hazard to coral reef conservation and threatens the resiliency of coral reefs to climate 
change. 
 
 
 
Endocrine-disrupting effect of the ultraviolet filter benzophenone-3 in zebrafish, Danio rerio. 
Kinnberg KL, Petersen GI, Albrektsen M, Minghlani M, Awad SM, Holbech BF, Green JW, Bjerregaard P, 
Holbech H. 
 
ABSTRACT: The chemical ultraviolet (UV) filter benzophenone-3 (BP-3) is suspected to be an endocrine 
disruptor based on results from in vitro and in vivo testing. However, studies including endpoints of 
endocrine adversity are lacking. The present study investigated the potential endocrine-disrupting effects 
of BP-3 in zebrafish (Danio rerio) in the Fish Sexual Development Test (Organisation for Economic Co-
operation and Development TG 234) and a 12-d adult male zebrafish study. In TG 234, exposure from 0 d to 
60 d posthatch caused a monotone dose-dependent skewing of the phenotypic sex ratio toward fewer 
males and more female zebrafish (no observed effect concentration [NOEC]: 191 µg/L, lowest observed 
effect concentration [LOEC]: 388 µg/L). Besides, gonad maturation was affected in both female fish (NOEC 
191 µg/L, LOEC 388 µg/L) and male fish (NOEC 388 µg/L, LOEC 470 µg/L). Exposure to BP-3 did not affect 
the vitellogenin concentration in TG 234. After 12 d exposure of adult male zebrafish, a slight yet significant 
increase in the vitellogenin concentration was observed at 268 µg/L but not at 63 µg/L and 437 µg/L BP-3. 
Skewing of the sex ratio is a marker of an endocrine-mediated mechanism as well as a marker of adversity, 
and therefore the conclusion of the present study is that BP-3 is an endocrine-disrupting chemical in 
accordance with the World Health Organization’s definition. 
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