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Introduction 
Human skin exposure to ultraviolet (UV) radiation promotes DNA damage, which gives rise to 
aging, mutations, cell death and the onset of carcinogenic events. UV radiation introduces 
different types of damage into the DNA, being predominant the formation of cyclobutane-
pyrimidine dimers (CPDs) by covalent linkage between two adjacent pyrimidine nucleotides. 
Generation of CPDs is critical for photocarcinogenic processes, because they distort the DNA 
helix and are linked to mutations in tumour-suppressor genes expressed in skin cancer, such as 
gene p53. 
Fish Medaka (Oryzias latipes) is a vertebrate model organism used in research. It is easy to 
handle and ideal for the screening of new functional compounds due to their large number of 
progeny per generation. Moreover, it offers the advantage of performing the functional assays “in 
vitro” when used in the eleutheroembryo phase. We must remark that all the experiments were 
carried out in vitro using eleutheroembryos. 
In this study we evaluated whether DNA repair, in UV-irradiated Medaka eleutheroembryos, could 
be enhanced through topical application of a preparation containing DNA repair enzymes, amino 
acids, teprenone and Zn+ (EZ). In order to enhance nuclear delivery, each ingredient was 
encapsulated individually into liposomes. 
Liposomes are small vesicles composed of one or more lipid bilayers, which improve 
bioavailability of active ingredients and provide a sustained release. Their structure is very similar 
to biological membranes and thus, are biodegradable and non toxic. Moreover, they show higher 
efficiencies at lower concentrations and prevent oxidation and degradation of the ingredients. 
All the liposomes used, were manufactured by Sesderma and had the following characteristics: 
Size between 50 and 150 nm, Polidispersity Index below 0.2, and Z potential between [30] and 
[150] mV (Delsa Nano C, Particle Analyzer).   
Results 
We assayed endogenous DNA repairing mechanisms in cells from Medaka fish embryos by 
measuring the reduction of CPDs, after UV irradiation (fig.1A). Subsequently, by comparing the 
amount of CPDs formed immediately after UV light irradiation on cells treated with  a control 
formulation (EZ minus active ingredients) and cells treated with EZ, we observed a significant 
decrease (36%) in the formation of CPDs (fig. 1B). 
p53 helps preventing genome mutation, due to its crucial role in regulating cellular responses to 
various DNA-damaging agents, including UV radiation. p21 is directly linked to p53 because its 
expression is tightly controlled by the protein p53. We also studied the effect of UV light in the 
expression levels of p53 and p21 by comparing samples with or without irradiation. We found that 
the expression levels of p53 and p21 did not change in embryos not irradiated or embryos 
irradiated with UV light at t=0 minutes or t=15 minutes (fig 2A, C) indicating that at 15 min a p53-
mediated response is not yet active. On the other hand, we observed that EZ treatment reduced 
the endogenous level of p53, allowing for an early damage response to UV light (t=15 min after 
UV irradiation) increasing the levels of p53. This early response induced by EZ treatment 
provoked in turn an increase in p21 expression of 130% as early as 15 min after irradiation (fig 
2B, D).  
c-Fos is required for excision repair processes triggered by DNA lesions produced by UV 
radiation. Therefore, we measured c-Fos expression level in control embryos and embryos 
treated with EZ, exposed or not to UV light. Results show that c-Fos does not significantly 
increase 15 minutes after UV radiation in control embryos (fig. 3A). On the the contrary, 15 
minutes after UV radiation c-Fos is overexpressed in embryos previously treated with EZ (fig. 3B).  
In addition, we measured cell cycle immediately after irradiation with UV light and 15 minutes post 
irradiation, and we found that there were no significant changes in cell distribution in each cell 
cycle phase (fig. 4A, C, E). Furthermore, we measured cell cycle immediately after UV light 
irradiation on cells treated with the control preparation and embryos treated with EZ, and we did 



not observe any significant changes in cell distribution (fig. 4B, D, F) further indicating that the 
above gene expression changes detected, were not a consequence of changes in the cell cycle. 
Conclusions 
Results indicate that EZ protects cells against UV light-induced damage through reducing the 
amount of CPDs in the DNA and triggers the endogenous DNA repair mechanisms that involve 
the action of p53, p21 and c-Fos.  
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