
A C T I O N S P E C T R A A N D B I O P H Y S I C A L 

C H A N G E S I N S K I N 

M . A . P a t h a k 

Department of Dermatology, Massachusetts General Hospital, 
Boston, U.S.A. 

Transmission of radiation through human skin varies with the thick-
ness of the different layers of the epidermis and, therefore, with 
location on the body. The loss of transmission is due to scattering by 
the optically discontinuous surfaces in the epidermis, reflection from 
the surface and from the various pigments of the skin, and absorption 
by protein, nucleic acids, carotenoid and haemoglobin pigments. 
Melanin granules, by their polyphenolic quinonoid structure, strongly 
absorb u.v. as well as contributing to the absorption and scattering of 
visible and infra-red radiation. Stratum corneum and whole epidermis 
of white back skin transmit more radiation than do those of Negro 
back skin although there is no difference in thickness. 

The erythemal action spectrum is considered to include wavelengths 
from 290 nm to 320 nm. Erythema may be elicited with high-intensity 
radiation from 320 to 460 nm, and wavelengths below 260 nm are 
highly erythemogenic. There are no histological changes in irradiated 
skin until the onset of erythema, some 2 to 6 h later. Such a delay is 
attributed to the diffusion time of a large molecule from the site of 
photochemical action to the capillaries. By using vascular labelling 
techniques, capillary damage can be observed in laboratory animal 
skin immediately after irradiation with 300 nm u .V., however, and 
transmission spectra of white skin indicate that significant amounts of 
erythemogenic wavelengths penetrate to the superficial vessels in the 
dermis. The melanin in Negro epidermis acts as a protective barrier 
and explains the greater tolerance of Negro skin to solar radiation. 

The action spectrum for melanogenesis has previously been con-
fined to that of the sunburn effect. Immediate pigment darkening has 
been attributed to wavelengths above 320 nm, but not above 400 nm. 
Using monochromatic radiation from a high intensity monochromator, 
and solar radiation filtered to exclude the sunburn wavelengths, it has 
now been established that the upper wavelength limits are 600 nm and 
700 nm respectively. The formation of new pigment was demonstrated 
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by observation in biopsy sections of high tyrosinase activity, using 
tyrosine as substrate, and the deposition of new granules in the 
cytoplasm and dendritic processes of the melanocytes. The absorption 
of radiation by melanoprotein molecule results in the formation in the 
molecule of free radicals. The loss of electrons in this process leads to 
an oxidation reaction, and hence to the pigment darkening. 

A free radical signal, typical of that obtained with melanin, can be 
elicited from pigmented but not from white skin. However, if white 
epidermis, dermis or whole skin is irradiated with u.v. a free radical 
signal, g-value 2-003, can be obtained, which is greater than that with 
irradiated pigmented skin. Melanin may act as a free radical trap 
during u.v. irradiation. The yield of free radicals generated is propor-
tional to the dose of u .V., and the action spectrum is confined to those 
wavelengths which produce the sunburn response. 


