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 Abstract
Progressive thinning of the scalp hair in androgenetic alopecia (AGA) results in a gradual decline in natural protection of the scalp from ultraviolet radiation (UVR). A number of pathologic conditions of the scalp are evidently related to UVR, particularly photosensitive diseases and disorders of the chronically photodamaged bald scalp. The most important chronic effects of UVR are photocarcinogenesis and solar elastosis. Besides these, erosive pustular dermatosis and 'red scalp' are distinct disorders peculiar to the balding scalp. While the consequences of sustained UVR on the unprotected scalp are well appreciated, the effects of UVR on hair loss have widely been ignored. However, clinical observations and theoretical considerations suggest that UVR may have negative effects: acute telogen effluvium from UVR has been described, and the production of porphyrins by Propionibacterium sp. in the pilosebaceous duct, with photoactivation of porphyrins leading to oxidative tissue injury, has been implicated in follicular microinflammation. Alternatively, keratinocytes themselves may respond to physicochemical stress from UVR, besides irritants and pollutants, by producing radical oxygen species and nitric oxide and by releasing proinflammatory cytokines, eventually leading to injury of the putative site of follicular stem cells in the superficial portion of the hair follicle. Since all of these processes involved in hair loss share the common feature that they are induced or exacerbated by exposure to sunlight, it is proposed that AGA is a photoaggravated dermatosis that requires photoprotection.

Copyright © 2003 S. Karger AG, Basel





 Introduction
Androgenetic alopecia (AGA) is a hereditary and androgen-dependent, progressive thinning of the scalp hair that follows a defined pattern. The result is a gradual decline in visible scalp hair density and loss of natural protection of the scalp from ultraviolet radiation (UVR). Terrestrial solar UVR ranges from approximately 290 to 400 nm. UVB (290-315 nm) reaches the upper dermis only, while UVA (315-400 nm) penetration into the dermis increases with wavelength.

A number of pathologic conditions of the scalp are evidently related to UVR, particularly photosensitive diseases affecting the balding scalp, and disorders of the photodamaged bald scalp. While the consequences of sustained UVR on unprotected skin are well appreciated, mainly photocarcinogenesis and solar elastosis, the effects of UVR on the evolution of AGA have largely been ignored. However, clinical and morphological observations, as well as theoretical considerations suggest that UVR has negative effects. Since all of these disparate disorders of the balding scalp share the common feature that under some circumstances they are induced or exacerbated by exposure to sunlight, it is proposed that AGA is a photoaggravated dermatosis that calls for adequate photoprotection.

 



 Photosensitive Disorders of the Scalp 

The number of recognized photosensitive dermatoses that localize to the scalp is essentially limited to light-exacerbated endogenous eczema, dermatomyositis and cutaneous lupus erythematosus. 



 Photosensitive Eczema
Patients with atopic or seborrheic dermatitis occasionally report nonspecific exacerbation of their condition following sun exposure, also on the scalp, where at times it may be difficult to differentiate from exacerbation of itch by heat-induced sweating. A high prevalence of seborrheic dermatitis has been described on the scalp in sun-exposed mountain guides in Austria, Switzerland and Germany [1]. Dosimetric studies demonstrate that mountain guides probably have the most extreme occupational exposure to solar UV, exceeding 17 minimal erythema doses per day [2]. Exposure to UV radiation has immunomodulatory properties, and patients with high sun exposure have lower CD4/CD8 T cell ratios than those with low sun exposure. Similarly, immune dysregulation in HIV-infected persons correlates with a high incidence of seborrheic dermatitis [3].



 Dermatomyositis of the Scalp
Scalp involvement in dermatomyositis is relatively common, but it is underestimated and often confused with scalp psoriasis or seborrheic eczema [4]. It is often extremely pruritic and may be associated with diffuse alopecia.



 Chronic Cutaneous Lupus erythematosus of the Scalp
The photosensitivity of discoid lupus erythematosus lesions is often overestimated: in over 50% of patients with discoid lupus erythematosus, standardized UV testing did not induce skin lesions [5]. Particularly isolated lesions in the hair-bearing scalp and external auditory canal are examples where this form of cutaneous lupus erythematosus is not related to light exposure. Early lesions of the scalp consist of scaling erythematous patches, which may occasionally be confused with actinic keratoses. Eventually they expand to form round or irregularly shaped plaques with atrophy, follicular plugging, telangiectasia and mottled areas of dyspigmentation, while advanced lesions are scarring. Rarely, as a late complication, squamous cell carcinoma may arise in chronic smoldering discoid lupus erythematosus lesions on the scalp [6].

 



 Disorders of the Photodamaged Scalp 

The two most important chronic effects of UVR on the skin are photocarcinogenesis and solar elastosis. Besides these, erosive pustular dermatosis and 'red scalp' have been observed as peculiar disorders of the balding scalp. 



 Photocarcinogenesis
The mechanism by which UVR plays a role in the development of skin cancer are varied and represent a multistep process involving alterations in DNA structure, resulting from purine photoproducts, cytosine photohydrates, single-strand breaks and sister chromatid exchange, as well as from reactive oxygen species that are generated during exposure of cells to UVR. Theoretically, any alteration capable of causing a mutation in specific target genes could contribute to carcinogenesis, since there is a close correlation between mutation and transformation by UVR. Recent progress has been made in identifying specific genes that control cellular growth and that are involved in photocarcinogenesis. Also, UVR induces deviations of tumor immunosurveillance mechanisms that eventually aid the survival and progressive growth of UVR-induced malignancies. Finally, it has been found that telomerase activity plays a crucial role in the immortalization of cells: telomerase activity is found in plucked hair follicles, which is associated with the presence of stem cells in the follicle, and is found in a high percentage of skin tumors. Evidence of UV-associated activation of telomerase in human skin further suggests that telomerase activation may also be involved in skin photocarcinogenesis [7].

Actinic keratosis is the most common epidermal precancerous lesion resulting from chronic UVR exposure, usually on sun-exposed body regions of middle-aged or older people, including the balding scalp or bald scalp area. It presents as a skin-colored to reddish, ill-defined macule with a dry adherent scale. Actinic keratoses are often multiple, and confluent lesions of the centroparietal scalp may occasionally be misinterpreted as refractory seborrheic eczema [pers. observation]. In these cases, topical therapy with imiquimod is effective [8], while sparing the remaining hair.



 Solar Elastosis of the Scalp
Histopathologically elastosis is regularly found in scalp biopsies, especially in conditions with alopecia. So far it has largely been ignored. Up to date, no controlled study has been performed on the degree of scalp elastosis in relation to the pace of development, duration or grade of AGA, though it would seem to be a good marker for exposure to UVR. Interestingly, UVB irradiation has been found to stimulate the synthesis of elastic fibers by modified epithelial cells surrounding the hair follicle and sebaceous glands in mice [9].



 Rosacea of Common Baldness
In as much as rosacea is invariably associated with solar elastosis and is observed on the scalp in areas of baldness [10], it is regarded as a disorder of the photodamaged scalp. Moreover, UV sensitivity of the skin has been demonstrated in rosacea [11], which would permit classification as a photosensitive disorder of the skin as well.



 Erosive Pustular Dermatosis of the Scalp
Erosive pustular dermatosis of the scalp was first described by Burton and subsequently delineated by Pye et al. [12] and Burton et al. [13] as a distinctive clinical entity producing chronic extensive pustulation confined to the scalp of elderly individuals and leading to erosion and scarring alopecia. A high incidence of antecedent local trauma strongly suggests that scalp injury may be important in initiating the dermatosis in a susceptible elderly person with atrophic skin changes of the scalp [14], particularly due to prolonged UVR exposure of long-standing AGA. No recognized cause of pustulation is present, and the histology is nonspecific. Response to antibiotics is poor, but the condition is suppressed by potent topical steroids, suggesting an inflammatory rather than an infective etiology. The condition has been observed following contusion, laceration, blistering sunburn, shingles, synthetic fiber implantation, craniotomy and skin grafting of the scalp [15], as well as following treatment of solar keratoses with 5% topical fluorouracil cream, cryotherapy and topical tretinoin [16] and soft X-ray therapy [17]. Response to therapy has been variable, with best responses to potent topical steroids, and more recently to topical 0.1% tacrolimus [18]. Anecdotal reports describe partial response to nimesulide, a phenoxymethane sulfonanilide that inhibits the respiratory burst of human granulocytes [19]. Long-term follow-up is advised, since neoplastic change has been reported [20].



 Red Scalp
Red scalp has first been described by Thestrup-Pedersen and Hjorth [21] in 1987 and subsequently commented on by Moschella [22] in 1992, who stated on the difficult problem of 'diffuse red scalp disease which can also be itchy and burning. ... It is nonresponsive to any therapy including potent topical steroids or antiseborrheic therapy'. Patients frequently report aggravation in the sun or report episodes of sunburn of the scalp [pers. experience]. Recently, Grimalt et al. [23] have presented their findings in 18 patients with 'red scalp syndrome' at the 2000 Annual Meeting of the European Hair Research Society: the majority were middle-aged females consulting for hair loss. By definition, no specific dermatologic disease was found. The scalp redness was associated with AGA in 13 out of 18 patients, and 3 of 10 biopsies performed were compatible with a cicatricial alopecia (not otherwise specified). Some patients reported associated discomfort of the scalp or trichodynia. The term trichodynia was first proposed for discomfort, pain or paresthesia of the scalp related to the complaint of hair loss [24]. Subsequently this was found to be a frequent phenomenon [25], though its cause remains obscure. The most prevalent speculations with respect to its pathogenesis are perifollicular inflammation and increased expression of the neuropeptide substance P in the vicinity of affected hair follicles [26]. In a recent series of 403 patients complaining of hair loss examined for trichodynia, the dermatoscopic finding of scalp telangiectasia was found to strongly correlate with the presence of trichodynia [27]. An interesting analogy exists to rosacea, where patients with the telangiectatic variant of rosacea reported stinging sensation due to the topical application of 5% lactic acid on the cheeks more frequently than patients with the papulopustular type of rosacea or normal controls [28]. On the one hand, these findings suggest a connection between sensory or subjective irritation and cutaneous vascular reactivity. On the other hand, dilated and tortuous vessels are typically found in photodamaged skin [29].

 



 Effect of UVR on AGA


 UVR and Follicular Microinflammation
While a genetic predisposition and peculiarities of androgen metabolism are well recognized prerequisites for the development of AGA, the limited success rate of treatment of AGA with hair growth promoters or modulators of androgen metabolism means that further pathogenic pathways must be taken into account. The implication of microscopic follicular inflammation in the pathogenesis of AGA has recently emerged from several independent studies that have demonstrated an inflammatory infiltrate of activated T cells and macrophages in the upper third of the hair follicles, associated with an enlargement of the follicular dermal sheath composed of collagen bundles (perifollicular fibrosis), in regions of actively progressing alopecia [30]. Horizontal section studies of scalp biopsies indicated that the perifollicular fibrosis is generally mild, consisting of loose, concentric layers of collagen that must be distinguished from cicatricial alopecia [31]. Mahé et al. [32] proposed the term 'microinflammation', because the process involves a slow, subtle and indolent course, in contrast to the inflammatory and destructive process in the classical inflammatory scarring alopecias. While the significance of these findings has remained controversial, morphometric studies on patients with male-pattern AGA treated with minoxidil showed that only 55% of those with microinflammation had regrowth in response to treatment, compared to 77% in those patients without inflammation and fibrosis [31]. Therefore it is conceivable that the microscopic follicular inflammation resulting in perifollicular fibrosis would prevent regeneration of hair follicles.

An important question has been how microinflammation is generated around the hair follicle. Inflammation comprises a multistep process which starts from a primary event. The localization of the inflammatory infiltrate on the level of the upper follicle suggests that the primary causal event for the triggering of inflammation might occur in the vicinity of the follicular infundibulum. On account of the microbial colonization of the infundibulum, one could speculate that microbial toxins and/or antigens could be involved in the generation of the inflammatory response. Fluorescent studies performed on the extrusions from pilosebaceous follicles showed emission spectra with close resemblance to those from cultured Propionibacterium acnes cells with dominant peaks due to at least 3 porphyrins [33]. The production of porphyrins by Propionibacterium sp. in the pilosebaceous duct, and the photoactivation of porphyrins leading to oxidative tissue injury, may contribute to the initial proinflammatory stress. Accordingly, Piérard et al. [34] proposed and found that the use of topical antimicrobials may be beneficial for the treatment of AGA.

Alternatively, keratinocytes themselves may respond to physicochemical stress from UVR, besides irritants and pollutants, by producing radical oxygen species and nitric oxide and by releasing the proinflammatory cytokine interleukin 1[image: image16.png]
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 by itself has been shown to inhibit the growth of isolated hair follicles in a dose-dependent manner in culture [36]. Moreover, adjacent keratinocytes, which express receptors for IL-1, start to engage the transcription of IL-1-responsive genes, such as those coding for IL-1[image: image19.png]
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, as well as for specific chemokine genes, such as IL-8, and monocyte chemoattractant proteins 1 and 3, themselves mediators for the recruitment of neutrophils and macrophages. In vitro, following IL-1 stimulation, this transcriptional activation cascade is induced within 6 h in plucked human hair follicles [37]. Besides, adjacent fibroblasts are also fully equipped to respond to such a proinflammatory signal [38]. The upregulation of adhesion molecules for blood-borne cells in the capillary endothelia, together with the chemokine gradient, drive the transendothelial migration of inflammatory cells, which include neutrophils through the action of IL-8, and T cells and Langerhans cells through the action of monocyte chemoattractant protein 1 [39, 40]. After processing of localized antigen, Langerhans cells or alternatively keratinocytes, which may also have antigen-presenting capabilities, could then present antigen to newly infiltrating T lymphocytes and induce T-cell proliferation [41, 42]. The antigens are selectively destroyed by infiltrating macrophages or natural killer cells. On the occasion that the causal event persists, sustained inflammation is the result. Damage to the putative site of follicular stem cells in the 'bulge' area of the outer root sheath in the superficial portion of the hair follicle [43], together with connective tissue remodeling [44], where collagenases, such as matrix metalloproteinase, play an active role in generating perifollicular fibrosis, will eventually result in permanent alopecia.



 Telogen Effluvium from UVR
Camacho et al. [45] reported a peculiar type of telogen effluvium following sunburn of the scalp after 3-4 months in men using tretinoin for treatment of AGA and in women with hairstyles that left areas of scalp uncovered during prolonged sun exposure. The clinical features were increased frontovertical hair shedding along with a trichogram that disclosed an increase in telogen hairs and dystrophic hairs. In women, the hairs in the frontal region appeared unruly and the frontovertical alopecia showed loss of the frontal hair implantation line. The pathomechanism of this type of telogen effluvium is not clear. It has been proposed that the columns of the cells in the hair shaft act as an efficient fiberoptic type system, transmitting UV light downward into the hair follicle. Morphologically, the keratinocytes within the hair shaft are arranged in compressed linear columns that resemble the coaxial bundles of commercial fiberoptic strands. Thus, hair follicular melanocytes located in the region of the hair matrix may function as UV biosensors and respond to photic inputs [46]. Depending on the quantity of UVR exposure, it is conceivable that also photodamage may occur at this site, resulting in telogen effluvium.

 



 Photoprotection 

As a consequence of increased leisure time with a growing popularity of outdoor activities and holidays in the sun, awareness of sun protection has become important. Topically applied chemicals that act as sun protectors are widely utilized and offer the most convenient means of protecting the glabrous skin against acute (sunburn) and chronic pathologic effects of UVR. Out of cosmetic reasons their use on the hair-bearing scalp is problematic, unless complete baldness is present. Although hats provide the best protection of the scalp from UVR, not everyone finds them convenient or acceptable for this purpose. While protection of the hair against photodamage has been extensively studied, there are no data on photoprotection of the hair-bearing scalp: it has been found that hair dyes may protect hair against photodamage [47]; recent experimental work indicates that cinnamide propyltrimonium chloride, a quaternized UV absorber, delivered from a shampoo system, is suitable for photoprotection of hair, while simultaneously providing an additional conditional benefit on hair [48], and solid lipid nanoparticles have been developed as novel carriers of UV blockers for the use on skin and hair, while offering photoprotection on their own by reflecting and scattering UV radiation [49]. The noxious effects of UVR on the hair fiber are well appreciated: damage occurs in the cuticle and leads to its loss. Separation of macrofibrils and destruction of melanin pigment result in cortex damage. The consequences are loss in mechanical strength and discoloration of hair [50].

Finally, systemic photoprotection has been the focus of more recent investigation, in as much as this would overcome some of the problems associated with the topical use of sunscreens: preclinical studies illustrate photoprotective properties of supplemented antioxidants, particularly [image: image24.png]


-carotene (provitamin A), [image: image25.png]


-tocopherol (vitamin E) and L-ascorbate (vitamin C). However, clinical evidence that these prevent, retard or slow down solar skin damage is still impending [49]. The same applies to topical melatonin, which has been found to suppress UV-induced erythema, and UV-induced reactive oxygen species in a dose-dependent manner [51, 52]. Nevertheless, these results suggest the probable utility of combining these compounds with known sunscreens to maximize photoprotection.



 

 References 

1 

Moehrle M, Dennenmoser B, Schlagenhauff B, et al: High prevalence of seborrheic dermatitis on the face and scalp in mountain guides. Dermatology 2000;201:146-147. 


2 

Moehrle M, Garbe C: Personal UV dosimetry by Bacillus subtilis spore films. Dermatology 2000;200:1-5. 


3 

Schaub NA, Drewe J, Sponagel L, Gilli L, Courvoisier S, Gyr N, Rufli T, Battegay M, Itin P: Is there a relation between risk groups or initial CD4 T cells counts and prevalence of seborrheic dermatitis in HIV-infected patients? Dermatology 1999;198:126-129. 


4 

Kasteler JS, Callen JP: Scalp involvement in dermatomyositis: Often overlooked or misdiagnosed. JAMA 1994;272:1939-1941. 


5 

Lehmann P, Holzle E, Kind P, Goerz G, Plewig G: Experimental reproduction of skin lesions in lupus erythematosus by UVA and UVB radiation. J Am Acad Dermatol 1990;22:181-187. 


6 

Sulica VI, Kao GF: Squamous cell carcinoma of the scalp arising in lesions of discoid lupus erythematosus. Am J Dermatopathol 1988;10:137-141. 


7 

Ueda M, Ouhtit A, Bito T, et al: Evidence for UV-associated activation of telomerase in human skin. Cancer Res 1997;57:370-374. 


8 

Stockfleth E, Meyer T, Benninghoff B, Christophers E: Successful treatment of actinic keratosis with imiquimod cream 5%: A report of six cases. Br J Dermatol 2001;144:1050-1053. 


9 

Starcher B, Pierce R, Hinek A: UVB irradiation stimulates deposition of new elastic fibers by modified epithelial cells surrounding the hair follicles and sebaceous glands in mice. J Invest Dermatol 1999;112:450-455. 


10 

Gajewska M: Rosacea of common baldness. Br J Dermatol 1975;93:63-66. 


11 

Gotz H, Cronen J: Die UV-Lichtempfindlichkeit der Haut bei Rosacea. Z Hautkr 1980;55:232-236. 


12 

Pye RJ, Peachey RDG, Burton JL: Erosive pustular dermatosis of the scalp. Br J Dermatol 1979;100:559-566. 


13 

Burton JL, Peachey RDG, Pye RJ: Erosive pustular dermatosis of the scalp - A definition. Br J Dermatol 1988;119:411. 


14 

Grattan CEH, Peachu RD, Boon A: Evidence for a role of local trauma in the pathogenesis of erosive pustular dermatosis of the scalp. Clin Exp Dermatol 1988;13:7-10. 


15 

Ena P, Lissia M, Doneddu GME, Campus GV: Erosive pustular dermatosis of the scalp in skin grafts: Report of three cases. Dermatology 1997;194:80-84. 


16 

Rongioletti F, Delmonte S, et al: Erosive pustular dermatosis of the scalp following cryotherapy and topical tretinoin for actinic keratoses. Clin Exp Dermatol 1999;24:499-500. 


17 

Trüeb RM, Krasovec M: Erosive pustular dermatosis of the scalp following radiation therapy for solar keratoses. Br J Dermatol 1999;141:763-765. 


18 

Sullivan JR, Kossard S: Acquired scalp alopecia. II. A review. Australas J Dermatol 1999;40:61-70. 


19 

Caputo R, Veraldi S: Erosive pustular dermatosis of the scalp. J Am Acad Dermatol 1993;28:96-98. 


20 

Lovell CR, Harmann RM, Bradfield JW: Cutaneous carcinoma arising in erosive pustular dermatosis of the scalp. Br J Dermatol 1980;102:325-328. 


21 

Thestrup-Pedersen K, Hjorth N: Rod skalp. En ikke tidligere beskrevet harbundssygdom? Ugeskr Laeger 1987;149:2141-2142. 


22 

Moschella SL: Written personal communication, August 14, 1992; in Bernhard JD (ed): Itch: Mechanisms and Management of Pruritus. New York, McGraw-Hill, 1994, p 51.

23 

Grimalt R, Lacueva L, Hasmann G, Ferrando J: Red scalp syndrome. Annu Meet Eur Hair Res Soc, 2000, abstract F11, p 22.

24 

Rebora A, Semino MT, Guarrera M: Trichodynia (letter). Dermatology 1996;192:292-293. 


25 

Grimalt R, Ferrando J, Grimalt F: Trichodynia (letter). Dermatology 1998;196:374. 


26 

Trüeb RM: Telogen effluvium and trichodynia (letter). Dermatology 1998;196:374-375. 


27 

Willimann B, Trüeb RM: Hair pain (trichodynia): Frequency and relationship to hair loss and patient gender. Dermatology 2002;205:374-377. 


28 

Lonne-Rahm SB, Fischer T, Berg M: Stinging rosacea. Acta Derm Venereol 1999;79:460-461. 


29 

Kligman AM: Perspectives and problems in cutaneous gerontology. J Invest Dermatol 1979;73:39-46. 


30 

Jaworsky C, Kligman AM, Murphy GF: Characterisation of inflammatory infiltrates in male pattern alopecia: Implication for pathogenesis. Br J Dermatol 1992;127:239-246. 


31 

Whiting DA: Diagnostic and predictive value of horizontal sections of scalp biopsy specimens in male pattern androgenetic alopecia. J Am Acad Dermatol 1993;28:755-763. 


32 

Mahé YF, Michelet JF, Billoni N, Jarrousse F, Buan B, Commo S, Saint-Léger D, Bernard BA: Androgenetic alopecia and microinflammation. Int J Dermatol 2000;39:576-584. 


33 

Johnsson A, Kjeldstad B, Melo TB: Fluorescence from pilosebaceous follicles. Arch Dermatol Res 1987;279:190-193. 


34 

Piérard GE, Piérard-Franchimont C, Nikkels-Tassoudji N, et al: Improvement in the inflammatory aspect of androgenetic alopecia: A pilot study with an antimicrobial lotion. J Dermatol Treat 1996;7:153-157. 


35 

Kupper TS, Groyes RW: The interleukin-1 axis and cutaneous inflammation. J Invest Dermatol 1995;105:62-66. 


36 

Philpott MP, Sander DA, Bowen J, Kealey T: Effects of interleukins, colony stimulating factor and tumour necrosis factor on human hair follicle growth in vitro: A possible role for interleukin-1 and tumour necrosis factor-[image: image60.png]


 in alopecia areata. Br J Dermatol 1996;135:942-948. 


37 

Mahé YF, Buan B, Billini N, et al: Pro-inflammatory cytokines cascade in human plucked hair. Skin Pharmacol 1996;9:366-375. 


38 

Smith RS, Smith TJ, Bleden TM, et al: Fibroblasts as sentinel cells: Synthesis of chemokines and regulation of inflammation. Am J Pathol 1997;151:317-322. 


39 

Huber AR, Kunkel SL, Todd RF, et al: Regulation of transendothelial neutrophil migration by endogenous interleukin 8. Science 1991;254:99-102. 


40 

Nakamura K, Williams IR, Kupper TS: Keratinocyte-derived monocyte chemoattractant protein 1 (MCP-1): Analysis in a transgenic model demonstrates that MCP-1 can recruit dendritic and Langerhans cells to skin. J Invest Dermatol 1995;105:635-643. 


41 

Hoffman M: Antigen processing: New pathway discovered. Science 1992;255:1214-1215. 


42 

Nickoloff BJ, Turka LA, Mitra RS, et al: Direct and indirect control of T cell activation by keratinocytes. J Invest Dermatol 1995;105:25-29. 


43 

Lavker RM, Sun TT: Hair follicle stem cells: Present concepts. J Invest Dermatol 1995;104:38S-39S. 


44 

Woessner JF: Matrix metalloproteinases and their inhibitors in connective tissue remodeling. FASEB J 1991;5:2145-2154. 


45 

Camacho F, Moreno JC, Garcia-Hernández MJ: Telogen alopecia from UV rays. Arch Dermatol 1996;132:1398-1399. 


46 

Iyengar B: The hair follicle: A specialized UV receptor in the human skin? Biol Signals Recept 1998;7:188-194. 


47 

Pande CM, Albrecht L, Yang B: Hair photoprotection by dyes. J Cosmet Sci 2001;52:377-389. 


48 

Gao T, Bedell A: Ultraviolet damage on natural gray hair and its photoprotection. J Cosmet Sci 2001;52:103-118. 


49 

Wissing SA, Muller RH: Solid lipid nanoparticles (SLN) - A novel carrier for UV blockers. Pharmazie 2001;56:783-786. 


50 

Braida D, Dubief C, Lang G: Photoageing of hair fiber and photoprotection. Skin Pharmacol 1994;7:73-77. 


51 

Bangha E, Elsner P, Kistler GS: Suppression of UV-induced erythema by topical treatment with melatonin (N-acetyl-5-methoxytryptamine). Arch Dermatol Res 1996;288:522-526. 


52 

Fischer TW, Scholz G, Knoll B, et al: Melatonin reduces UV-induced reactive oxygen species in a dose-dependent manner in IL-3-stimulated leukocytes. J Pineal Res 2001;31:39-45. 




 

 Author Contacts
Ralph M. Trüeb, MD
Department of Dermatology, University Hospital of Zurich
Gloriastrasse 31
CH-8091 Zurich (Switzerland)
Tel. +41 1 255 25 92, Fax +41 1 255 44 03, E-Mail ramitru@derm.unizh.ch


 

 Article Information
Received: April 1, 2003
Accepted: June 27, 2003
Number of Print Pages : 6
Number of Figures : 0, Number of Tables : 0, Number of References : 52


 

 Publication Details
Dermatology (International Journal for Clinical and Investigative Dermatology) 
Founded as 'Dermatologische Zeitschrift' by Oskar Lassar (1893-1907); Continued by Erich Hoffmann (1908-1938), continued as 'Dermatologica' (1939-1991), by Wilhelm Lutz (1939-1958), Rudolf Schuppli (1959-1985) 
Official Organ of the Swiss Society for Dermatology and Venereology; Official Organ of the Belgian Royal Society for Dermatology and Venereology 

Vol. 207, No. 4, Year 2003 (Cover Date: 2003)

Journal Editor: J.-H. Saurat, Geneva.
ISSN: 1018-8665 (print), 1421-9832 (Online)

For additional information: http://www.karger.com/journals/drm



 

 Drug Dosage / Copyright
Drug Dosage: The authors and the publisher have exerted every effort to ensure that drug selection and dosage set forth in this text are in accord with current recommendations and practice at the time of publication. However, in view of ongoing research, changes in goverment regulations, and the constant flow of information relating to drug therapy and drug reactions, the reader is urged to check the package insert for each drug for any changes in indications and dosage and for added warnings and precautions. This is particularly important when the recommended agent is a new and/or infrequently employed drug. Copyright: All rights reserved. No part of this publication may be translated into other languages, reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying, recording, microcopying, or by any information storage and retrieval system, without permission in writing from the publisher or, in the case of photocopying, direct payment of a specified fee to the Copyright Clearance Center.



	

	[image: image82.png]



[image: image83.png]



[image: image84.png]



[image: image85.png]



[image: image86.png]



 [image: image87.png]


 Journal Home 
 [image: image88.png]


 Editorial Board 
 [image: image89.png]


 Guidelines 
 [image: image90.png]


 Issues 

[image: image91.png]



 [image: image92.png]


 Advertising 
 [image: image93.png]


 Subscriptions 
 [image: image94.png]


 Free Alert 
 [image: image95.png]


 Online Sample 



	


Copyright © 2004 S. Karger AG, Basel






