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Abstract: Several UV filters exhibit endocrine activity. Evidence for transdermal passage and presence in the food 
chain (fish) suggests potential exposure of humans during development. Developmental toxicity was studied in rats 
for the estrogenic UV filters 4-methylbenzylidene camphor (4-MBC, 0.7, 7, 24, 47 mg/kg/day) and 3-benzylidene 
camphor (3-BC, 0.07, 0.24, 0.7, 2.4, 7 mg/kg/day) administered in chow to the parent generation before mating, 
during pregnancy and lactation, and to the offspring until adulthood. Neonates exhibited enhanced prostate growth 
after 4-MBC and altered uterine gene expression after both filters. 4-MBC and 3-BC delayed male puberty and 
affected reproductive organ weights of adult offspring. Interactions with the thyroid were noted. Expression and 
estrogen sensitivity of target genes and nuclear receptor coregulators were altered at mRNA and protein levels 
in adult uterus, prostate and brain. Female sexual behavior was affected by 4-MBC and 3-BC, estrous cycles by 
3-BC. Classical endpoints exhibited LOAELs/NOAELs of 7/0.7 mg/kg/day for 4-MBC and 0.24/0.07 mg/kg/day for 
3-BC. Molecular endpoints were affected by the lowest doses. In order to obtain information on human exposure, 
we conducted a monitoring study on human milk with three series of mother child pairs (2004, 2005, 2006), with 
focus on cosmetic UV filters in relation to other endocrine disrupters. Methods for UV filter analysis followed the 
principles of European standardized methods for pesticide residue analysis (EN 15289). In cohorts 2004 and 2005, 
78.8% of women reported use of product(s) containing cosmetic UV filters in a questionnaire, and 76.5% of milk 
samples contained these filters. Use of UV filters and concentration in human milk were significantly correlated. The 
results agree with the idea of transdermal passage of UV filters. They also indicate that it may be possible to reduce 
human exposure during critical periods such as pregnancy and lactation by transiently abstaining from use.
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1. Endocrine Activity of UV Filters

UV filters are either physical filters like 
titanium dioxide and zinc oxide, which 
mainly scatter and reflect UV rays, or or-
ganic molecules absorbing light in the UV 
range (UVA 400 320 nm, UVB 320 280 
nm). These organic compounds often pos-
sess single or multiple aromatic structures 
capable of absorbing energetic solar pho-
tons and returning to the ground state by 
thermally emitting the absorbed energy.[1] 
Only substances listed in cosmetic direc-
tives like EU Cosmetics Directive, Swiss 
Ordinance for Cosmetics, are allowed for 
use in sunscreens and as additives in cos-
metics. Currently 27 UV filters are permit-
ted for cosmetic use in Europe. In spite of 
considerable structural similarities with au-
thorized cosmetic UV filters, technical UV 
filters in plastics and other products need 
not be declared.

Since the introduction of cosmetic UV 
filters, the main concern regarding their 

use was the efficiency to protect human 
skin from adverse effects of UV light while 
avoiding dermatological side effects. Ob-
servations made in the 1990s on penetration 
of human skin by UV filters,[2,3] and on their 
presence in fish[4] indicated the possibility 
of systemic effects of these chemicals and 
prompted us to investigate their endocrine 
activity. When tested on MCF-7 cells in 
vitro, a number of UV filters used in sun-
screens exhibited estrogenic activity; some 
also stimulated growth of the immature rat 
uterus in a short-term in vivo test for estro-
genic activity.[5] Estrogenic activity of UV 
filters has subsequently been confirmed in 
several in vitro and in vivo tests on mammals 
and fish.[6 14] Certain UV filters also dis-
play anti-androgenic activity in vitro,[15,16] 
and can affect the thyroid axis.[17 19] 

Two UV filters with comparatively high 
estrogenic activity are 4-methylbenzylidene 
camphor (4-MBC) and 3-benzylidene cam-
phor (3-BC).[5,12] Both compounds exhibit 
ER beta preference, but they are also active 
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In this article (CHIMIA 2008, 62, 345-351), the name of the third author was given incorrectly as Claudia C. Vökt and has now been 
corrected to Cora Vökt.
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