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Over the past decades, the harmful biological effects of 
solar  Ultraviolet (UV) irradiation  became serious issue because of 
the disruption of the ozone layer. UV radiation has a strong potential 
for the generation of Reactive Oxygen Species (ROS) and depletion 
of endogenous antioxidant systems, in the extracellular space and 
intracellular sphere. These highly reactive oxygen intermediates can 
readily react with various biological macromolecules such as DNA, 
proteins and lipids to cause mutations, peroxidation of membrane 
lipids, and protein destruction. These lesions in turn lead to various 
degenerative processes such as skin aging, pigmentation and 
carcinogenesis [1-4]. UVA (320-400 nm) and UVB (290-320 nm) are 
the major components of solar UV irradiation. UVA makes a more 
intense impact on oxidative stress in the skin than UVB through 
generation of reactive oxygen and nitrogen species [5-7]. Antioxidants 
showed limited protective effects for UVA-injures. However the 
strategies for UVA-protection are still needed to be discovered in some 
parts.

UVA damages the skin because its absorption leads to primary 
and secondary photochemical reactions: (i) initially to inflammation 
responses (acute photodamage) and lately to manifestations of 
photoageing, and sometimes skin cancer. (ii) Free radicals and reactive 
oxygen species generated by UVA act as a secondary reactor can alter 
elastin and collagen fibers, leading to premature wrinkling. DNA 
can be damaged by ROS in addition to directly by UVA, and both 
can potentially lead to carcinogenesis. Numerous molecules, such as 
Nuclear Transcriptional Factor kappa B (NF-kappa B), p53 and Tumor 
Necrosis Factor (TNF) are involved in UVA-mediated biological 
processes [8-10]. Among them, NF-kappa B plays the most essential 
role in mediating the above-mentioned reactions and pathological 
consequences. 

In resting cells, NF-kappa B resides in the cytoplasm in an inactive 
form bound to an inhibitory protein known as I-kappa B. Upon cellular 
activation by extracellular stimuli, such as oxidative stress induced 
signals, I-kappa B is phosphorylated and proteolytically degraded 
or processed by proteasomes and other proteases. This proteolytic 
process activates NF-kappa B, which then translocates into the 
nucleus. In nuclei, NF-kappa B can initiate or regulate early-response 
gene transcription by binding to decameric motifs, “GGGRNNYYCC 
(kappa B motif)”, found in the promoter or enhancer regions of specific 
genes that regulate innate and adaptive immunity, inflammation, cell 
growth and cell survival [8,11]. 

UVA in the physiological range of doses has been shown to 
induce the NF-kappa B DNA-binding activity in human skin cells. 
UVA- oxidant stress dependent activation of NF-kappa B appeared to 
be correlated with membrane damage [12]. During this pathological 
process, labile iron acts as a catalyst to exacerbate the generation of 
lipid secondary messengers in human skin fibroblasts membranes 
that are responsible for induction of NF-kappa B [13]. UVA-induced 
ROS formation rapidly releases labile irons, which mediate lipid 
peroxidation in cell membranes, and consequently increase the 
permeability of nuclear membrane. Evidences showed that this iron- 
induced lipid peroxidation in cell membranes is the main contributor 
to induction of NF-kappa B [14]. Therefore, to protect skin cells from 
UVA-injures, potential reagents should be able to scavenge cellular 
ROS, stabilize cellular membranes, and reduce NF-kappa B activation.

Fullerene and its derivatives have been characterized as powerful 
antioxidants [15]. In our previous study, Polyvinylpyrrolidone 
(PVP) -wrapped fullerene molecules (PVP-fullerene) could combine 
the proteins in cell membrane and prevent UVA-induced cell death 
through scavenging of intracellular ROS and reducing NF-kappa B 
activation. The result suggests that fullerenes may be developed as UV-
protective agents in terms of the prevention of both skin aging and 
carcinogenesis [16].
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