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Benzophenone-3 (BP-3, 2-hydroxy-4-methoxybenzophenone, oxybenzone or 2OH-4 MeO-

BP) belongs to the group of ultraviolet (UV) chemical filters (called colloquially as 

 used to protect against ultraviolet light by absorbing UVB and UVA radiations. 

Benzophenone-3 is not only a sunscreen cream agent, but also an ingredient in daily used 

cosmetics i.e. makeup products, bath liquids, hair shampoos, perfumes, etc., as well as 

a component of plastics, textiles, paints, inks and lacquers, mainly for protection from sun-

induced fragility.  

The worldwide production and usage of benzophenone-3 is enormous. Only European 

production reaches 100 1000 metric tons per year and shows an upward trend in response to 

the increasing demand of the industry. In 2017, the U.S. Centers for Disease Control and 

Prevention (CDC) demonstrated that exposure to benzophenone-3 concerns practically the 

whole society. Human exposure to benzophenone-3 occurs directly through the skin, as well 

as indirectly, i.e. through the digestive or respiratory systems. Since benzophenone-3 is highly 

lipophilic, its bioaccumulation mainly occurs in fat tissue (~ 5 mg BP-3/kg in human adipose 

tissue). Particularly sensitive to the harmful effects of BP-3 can be the brain which consists of 

at least 60% of adipose tissue. 

Prenatal and postnatal exposure to benzophenone-3 seems to be undeniable. Current data 

provide evidence that benzophenone-3 easily crosses through the placental barrier since it has 

been observed in amniotic fluid, placental tissue, cord blood and fetal blood in research 

studies with human participants. Even after birth, newborns and infants are exposed to 

benzophenone-3, since this chemical has been identified in human breast milk samples. 

Additionally, prenatal benzophenone-3 exposure has been linked to improper migration of 

offspring. Furthermore, the blood-brain barrier (BBB) does not seem to be an obstacle for 

benzophenone-3 either, since accumulated benzophenone-3 has been demonstrated in post 

mortem adult brains.  

Despite the widespread usage of benzophenone-3, there are only a few data indicating 
the harmful effect of this compound on human and animal organisms. Most of these 

reports concern the reproductive system. Therefore, the knowledge about the effects of 
benzophenone-3 on the nervous system, especially at the early stages of development, is 

negligible. 



Considering the above data, the aim of my dissertation is to identify toxic and apoptotic 

effects and mechanisms of benzophenone-3 actions in mouse neuronal cells, with particular 

emphasis on the impact of benzophenone-3 on the function and expression of estrogen 

receptors (ESR1, ESR2 and GPER1), retinoid X receptors (RXR , RXR  and RXR ) and the 

peroxisome proliferator activated receptor gamma (PPAR ), as well as on the autophagy 

process and epigenetic status of the neuronal cells. The aim of the present study is also to 

examine the effects of prenatal exposure to benzophenone-3 on apoptosis, expression of 

estrogen receptors and the level of DNA methylation of the neuronal cells. 

The experiments were carried out both in the in vitro (the neuronal cells were treated with 25 

 benzophenone-3 on culture dishes) and in vivo systems (pregnant mice were administered 

benzophenone-3 at a dose of 50 mg/kg). It should be emphasized that the concentration/dose 

of benzophenone-3 used in the experiments corresponded to benzophenone-3 accumulation in 

human fat tissue or its amount in sunscreen cream used during single application for whole 

body. In the present dissertation, neurotoxic effects were assessed via the measurements of 

lactate dehydrogenase (LDH) release and cell viability (calcein AM staining). The formation 

of reactive oxygen species (ROS) was measured using the 2',7'- dichlorofluorescin. Apoptosis 

was determined based on the assessments of membrane mitochondrial potential, caspase 

activities (-3, -8), expression levels of specific proteins (BCL2, BAX, GSK3 , CASP3) as 

well as gene expression analyses using microarrays and identification of nuclear DNA 

fragmentation with the use of Hoechst 33342 staining. The activities of caspases (-8, -9) and 

kinases (GSK3 , p38 / MAPK) were confirmed by selective enzyme inhibitors. To verify the 

contribution of individual receptors in the effects of benzophenone-3, selective ligands and 

specific siRNAs were used. Expression levels of the receptors were measured using the 

qPCR, western blot and ELISA. Cellular distribution of the receptors was confirmed by 

immunofluorescence staining and a confocal microscopy. The autophagy process was 

determined based on expression levels of autophagy-related genes and specific proteins 

(MAP1LC3A and MAP1LC3B), as well as autophagosome formation that was obtained via 

microarray analyses, ELISA and fluorescence measurements. Benzophenone-3 induced 

epigenetic modifications were determined by assessment of global and gene-specific DNA 

methylation and the measurements of DNA methylotransferase (DNMT), histone 

acetyltransferase (HAT) and histone deacetylase (HDAC) activities. 

The results of the present study which were published in 3 original papers showed for the first 

time that benzophenone-3 in vitro, used at concentration that corresponds to its accumulation 



in human adipose tissue, induces neurotoxic and apoptotic processes, inhibits autophagy, and 

disrupts the epigenetic status of mouse neuronal cells, i.e., it reduces the level of global DNA 

methylation and inhibits the activities of HAT and HDAC. Benzophenone-3 induced effects 

depend on type of neuronal tissue and the age of the cells in in vitro culture. The neocortical 

cells are more vulnerable to benzophenone-3 action than the hippocampal cells; most 

pronounced enzymatic effects were observed at 7 day in vitro. 

The mechanism of action of benzophenone-3 in mouse neuronal cells in primary in vitro 

culture is mediated by the impairment of the function and expression of the ESR1, PPAR , 

RXR  and RXR  receptors and stimulation of pathways associated with the ESR2, GPER1 

and RXR  receptors. Changes in receptor protein expression after 24 hours exposure to 

benzophenone-3 are correlated with changes in Esr1, Esr2, Gper1 and Ppar mRNA 

expression observed after 6 and 24 hours, as well as changes in Rxr , Rxr  and Rxr  mRNA 

expression observed after 3 hours. Moreover, prenatal exposure to benzophenone-3 intensifies 

apoptotic processes in the neocortical cells, which is accompanied by the disruption of 

estrogen receptors expression (ESR1, ESR2 and GPER1) and changes in the epigenetic status 

of neuronal cells associated with genome DNA methylation. 

In summary, my studies provided in a series of 3 publications shows for the first time that 

benzophenone-3 (used at environmentally relevant concentration/dose) induces apoptosis, 

inhibits autophagy, and also changes the epigenetic status of mammalian embryonic neuronal 

cells. These effects are accompanied by disruption of expression and function of estrogen 

receptors (ESR1, ESR2, GPER1), retinoid X receptors (RXR , RXR , RXR ) and the 

peroxisome proliferator-activated receptor gamma (PPAR ). The special value of this 

research is to provide an evidence that neuronal cells at early stages of development are 

sensitive to the toxic and apoptotic effects of benzophenone-3, which may be involved in the 

etiology of adult nervous system disorders. This research may contribute to the development 

of prevention principles limiting the exposure of the developing nervous system to 

benzophenone-3 and/or therapeutic strategies targeting the mechanisms of benzophenone-3 

action in mammalian neurons. 
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