A brief discussion on the biological effects of Ultraviolet Radiation

Ultraviolet (UV) light is a natural form of electromagnetic radiation emitted from the sun.
Ultraviolet radiation (UVR) is more energetic than visible radiation and therefore has a shorter wavelength.  UVR is subdivided into three different wavelength bands – UVA, UVB and UVC (refer to figure 1).  The use of wavelength is a convenient way to classify the rays based on the amount of energy they contain and their effects on biological matter.
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Ultraviolet radiation with a wavelength between 100 nm and 280 nm is classified as UVC radiation.  Of the three divisions of UVR, UVC has the shortest wavelength and greatest energy.  Naturally produced UVC does not reach the earth’s surface based on a reaction that occurs in the ozone layer.  When UVC rays interact with ozone molecules, the energy contained within the UVC rays is sufficient to break apart the ozone molecules after first being absorbed by the ozone molecule.  UVR with a wavelength between 280 nm and 320 nm is classified as UVB radiation. The energy contained within UVB rays is often not sufficient to split an ozone molecule and as a result some will extend down to the earth’s surface.  The vast majority of UVB radiation however, will be scattered and will not escape the ozone layer. Lastly, UVR with a wavelength between 320 nm and 400 nm is classified as UVA radiation.  These rays do not have sufficient energy to break apart the ozone molecules and so they pass through the earth’s atmosphere almost unfiltered1.
Over a period of years, the effect of exposure to both UVB and UVA radiation damages the skin’s connective tissues in a process called photoaging.  This process is initiated when the elastine and collagen fibers, which determine the firmness and elasticity of the skin, are damaged and is often observed as a thickening of the skin with greater number of wrinkles and decreased elasticity3.  It is not uncommon to observe these effects in individuals who have also been exposed to man-made sources of UVR, such as welders, for many years8.  Shortly after the turn of the twentieth century, studies demonstrated that UVB radiation produced cancer causing effects on the skin of laboratory animals and also the burning of human skin2.  As a natural defense against the damaging effects of UVR, the skin darkens when exposed to moderate levels of radiation by releasing the brown pigment melanin.  This defense helps to prevent damage to skin tissue by blocking the penetrating UVR rays.  More recent studies have shown that broad spectrum UVR exposures cause skin cancers via DNA damage, immunosuppression, tumor promotion and mutation in the p53 tumor suppression gene 2,5.  UVR ionizes DNA molecules in skin cells, causing covalent bonds to be formed between the adjacent thymine bases.  These bonded thymine bases do not base pair normally, which can cause distortion of the DNA helix, stalled replication, gaps and misincorporation4.

Recent clinical trials have attempted to evaluate the selective effects of ultraviolet irradiation on spontaneous and induced apoptosis in mice thymocyte cells7.  The first part of the trial was to determine the effect of UVA and UVB irradiation on spontaneous apoptosis in relation to known apoptosis inducing agents; namely phorbol-12-myristate-13-acetate (PMA) and hydrocortisone.  The cells were first treated with PMA, hydrocortisone, UVA or UVB and then incubated at 37°C.  To measure the degree of [image: image2.png]—] annsses
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apoptosis, DNA fragmentation was used to provide the ratio of DNA content in the supernatant (i.e. fragmented DNA centrifuged from the culture) versus the total DNA in the lysate (i.e. fragmented and non-fragmented DNA). The results of this test illustrated that the cells treated with PMA, UVA and hydrocortisone all showed evidence of increased DNA fragmentation as the incubation period increased.  In contrast, the cells treated with UVB did not show any significant change in DNA fragmentation as the incubation period increased (refer to figure 3). This observation would suggest that treating cells with UVB would inhibit spontaneous apoptosis.  Inhibiting apoptosis would mean that any damage to the DNA of the cell, as a result of [image: image3.png]1%
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[image: image5.bmp]irradiation, could lead to an error-prone repair in future generations and in turn lead to mutations.  The second aspect of the trial was to see if the apoptosis inhibiting effects of UVB would counteract the effects of known apoptosis inducing agents such as hydrocortisone, PMA, gamma-irradiation (5Gy) and the anti-Fas antibody.  In this trial, the cells were treated with the apoptosis inducing agent and exposed to UVB before being incubated at 37°C.  The results of the second trial showed that UVB inhibits the apoptosis inducing effects of hydrocortisone, PMA and gamma-radiation.  The results also show that UVB irradiation had no effect on anti-Fas antibody induced apoptosis (refer to figure 4).  This is based on the observation that the amount of fragmented DNA observed in cultures exposed to anti-Fas alone is virtually identical to those exposed to anti-Fas + UVB.
Not all exposures to UVR however, are necessarily damaging.  Short lived (15 minute) skin exposures to UVR causes the body to produce greater amounts of vitamin D and under the control of a practicing physician, treatments of some skin diseases such as psoriasis are being effectively exploited3.  Further studies have been conducted to examine alternative roles of ultraviolet exposure and whether a single exposure can achieve a reduction in blood pressure6.  The studies were conducted by subjecting patients to UV doses which would be roughly equivalent to a 12 to 24 minute sunlight exposure and recording blood pressure readings at set time intervals.  The results of the study indicate that there was statistically significant and modest decrease in systolic blood pressure for the duration of the post exposure recovery period (refer to figure 5).  It is believed that the mechanism which provides the photorelaxation effects observed in newborns under phototherpy is the primary response to the UVA radiation administered in this study.
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Figure � SEQ Figure \* ARABIC �1�: Electromagnetic Spectrum9
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Figure � SEQ Figure \* ARABIC �3�: UVB effects on apoptosis inducers7
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Figure � SEQ Figure \* ARABIC �2�: Apoptosis versus Incubation7 
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Figure 5: Blood Pressure after Recovery6 
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