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UV Irradiation and Cutaneous Vitamin A: An Experimental Study in 
Rabbit and Human Skin 

BERIT BERNE, M.D ., MAGNUS NILSS ON, M.S., AND ANDERS VAHLQUIST, M.D. 

Department of Dermatology, University Hospital, Uppsala, Sweden 

The effect of UV irradiation on the concentration of 
cutaneous retinoids (retinol and 3-dehydroretinol) in 
rabbit skin in vivo and in human skin in vitro was 
investigated. Irradiation with 4 different narrow-wave
length bands produced dose-dependent reductions of ret
inol in epidermis and dermis. The maximal effect was 
obtained at 334 nm, a wavelength which coincides with 
the absorption maximum for retinol in organic solutions. 
3-Dehydroretinol was not reduced to the same extent as 
w-as retinol. In human skin the photodecomposition of 
retinol was most extensive in epidermis and progres
sively less so in dermis, presumably reflecting the extent 
t o w-hich 334 nm radiation penetrates the tissue. The 
regeneration of cutaneous retinol took over a week in 
the rabbit. The nutritional and biologic implications of 
the UV-induced reduction of cutaneous retinol remain 
t o be established. 

The photodecomposition of vitamin A in organic so lvents 
has been widely studied. Maximal destruction is produced by 
radiation around 330 nm [1] . Since vitamin A is present in skin 
[2) and UV radiation penetrates t he integument to certai n 
depths, it is reasonable to assume that photodecomposition of 
the vitamin could occur in vivo. In fact, we recently showed 
t hat t h e vitamin A concentration of human epidermis is signif
icantly reduced by repeated, whole-body irradiations, using a 
combin ation of UVA (320-380 nm) and UVB (280-320 nm) 
[3) . The mechanisms involved have not, as yet, been elucidated 
in humans. In this communication, data obta ined by irradiating 
rabbit skin in vivo and human skin in vitro are presented. 

MATERIALS AND METHODS 

Materia/!; and Equipment 

Adu lt a lbino rabbits (generously supplied by Pharmacia AB, Upps
a la, Sweden ) weighing 2.5-3.5 kg were used. T he animals were kept in 
a eli mated room with wate r a nd food ava ilable ad lib. T he vita min A 
co n tent of the pellets was 12,000 !U/ kg. Before irrad iation, the outer 
surfaces of t he ears were depilated by applying thioglyco late (Op ilca, 
O li v in , Ha mburg) fo llowed by washi ngs with a mixture of water a nd 
eth a n o l. 

Fu ll -thickness human skin was obtained in connection with reduc
tive m a mmary surgery. The sk in spec imens were kept coo l until proc
essed. 

All solvents were of spectro-grade quali ty from Merck, Darmstadt, 
Ger many or from Rathburn Chemicals, Engla nd. The retinoids were 
of c r ystalline puri ty [2]. 
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T he high-performa nce liquid chromatography (HPLC) system has 
been desc ribed in deta il elsew here 12]. 

The UV -irrad iation source and UV -measuring equipment were de
sc ribed by Als ins et. a l 14]. Briefly, the irradjation source consisted of 
4 P hilips SP 500 W water-cooled high-pressure mercury lamps with 
wate r-cooled filters. T he band width at half the maximum intens ity 
was for each of t he 4 fil te r combinations less t ha n 10 nm . T he intens
it ies at t he di stance used were: 313 nm, 50 m W / cm2· 334 nm 10 mW 1 
cm2; 365 nm , 200 m W /cm2

; and 405 nm , 100m W / cm'2. The h~a t caused 
by the irradiation was negligible. 

Study Design. 

The irradiations were performed by applying t he light apertu re (2.2 
em in diamete r) directly to the sk in. The irradiation t imes varied 
between 30 s and 15 min depending on the wavelength and irradiation 
dose studied. 

Rabbit ears were irradiated as follows: (I) Five a nimals were irradi
ated wi th 4 different wavelengths (313 , 334, 365 , a nd 405 nm ) using 
t he same dose (3 J /cm'). (2) Four animals were irradiated at 334 nm 
eit her with s ingle doses of va rying energies (0.5, 1.0, or 3.0 J /c m2) or 
with 6 repeated doses of 0.5 J /cm2

. (3) Two a nima ls were irradiated at 
334 nm with a single dose of 3 J /cm2 a nd skin samples removed afte r 
1, 24, 72, and 168 h. 

The irradiated skin was cut out as soon as possible afte r locally 
anesthesizing the ears with lidocaine (Xylocaine 1%, Astra , Sweden ). 
Epiderm is and dermis were separated using 1% acetic acid at +4 ·c fo r 
2- 4 h [5], a particu la rly useful method for rabbit skin with its t hin 
epidermis. Acetic acid did not in te rfere with t he vitamin A assay. 

Human skin was irradiated in vitro as fo llows: (1) F resh skin was 
irradiated at 334 nm wit h 3 and 10 J /cm2 at ambient temperature. (2) 
Frozen skin was kept on dry ice during irradiation with the same 
wavelength a nd doses as in (1 ). The irrad iated s kin was cut out and 
separated in to epidermis and dermis by ordinary heat t reatmen t. 16,7]. 
In some samples, t he dermis was subdivided by cutting para llel to the 
upper surface. Sections approximately 200 I'm t hick were obta ined with 
a c ryostat (Leitz Wetzla r, West Ge rmany). 

In a ll experiments untreated cont rol skin was obta ined not less than 
1 em from the irradia ted a rea. T he sa mples were stored at -70"C until 
processed. 

Analysis 

The samples were hydrolyzed in I<OH -ethanol and extracted with 
hexane as described elsewhere 12]. HPLC was performed on a Nucleo
sile 5-l'm ODS column , isocratica ll _v e luted wit h acetoni t rile and water 
(80:20) [2]. Duplicate protein analyses were perfo rmed on the extracted 
samples [7]. 

Mean a nd SEM were used when data were compi led from 3 or more 
expe riments. Alternatively, t he mean and ra nge a re given. The data 
we re evalua ted statistica lly by app lying Student's I.-test or va riance 
analysis. 

RESULTS 

Untreated Rabbit and Human Skin 

Table I shows the concentrations of retinol and 3-dehydro
retinol in rabbit ear and human mammary skin. The human 
values are twice those reported earlier for normal back skin 
[2], possibly refl ecting regiona l variations. The high concentra
tion of retinol in rabbit dermis (24 .9 nmol) is probably due to 
contamination by small amounts of vitamin A-rich subcutis. 
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TABLE I. Co ncentrations of retinol and 3-dehydror tinol (nmol/g 
protein) in normal rabbit ear skin and human mammary sl?in (mean 

and S EMJ 

Specimen n" Retinol :J-Dehydrorelinol 

Epidermis 
Rabbit 18 6.16 ± 0.35 2.50 ± 0.18 
Human 10 12.53 ± 1.08 1.20 ± 0.03 

Derm is 
Rabbit 14 24.96 ± 1.95 5.07 ± 0.03 
Huma n 10 6.55 ± 0.74 NO " 

" Number of a na lyses. 
1' Not detec table. 
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IRRADIATION WAVELENGTH ( nm) 
FI G 1. Cuta neous retinol con ce ntra t ions in rabbit ea r skin a fter 

irradi at ion (3 J / cm2) at 4 different wavelengths. Epiderm is, closed bars; 
dermis, open bars. Mea n (+ SEM) values fo r 2- 5 samples a re given . 
Variance a na lys is showed t ha t the 334 nm va lues were s ignificant ly (p 
< 0.01 ) lower tha n t he 365 and 405 nm va lues. 

Irradiated Rabbit S kin 

Action spectrum : Fig 1 shows the retinol concentrations in 
epidermis and dermis after irradiation with ident ical doses at 
4 different wavelengths. The concentrations are expressed as a 
percentage of t hose in adjacent untreated skin . T he lowest 
va lues (24% and 22% fo r epidermis and dermis, respectively) 
were noted after irradiation at 334 nm . Both values are signif
icantly lower (p < 0.01) t han those obtained after irradiation 
at 365 nm and 405 nm. 

T he 3-dehydroretinol concentration in epide rmis decreal'ed 
to 71 % after 334 nm irradiation and to 79% after 365 nm 
irradiation . T he lowest dehydroretinol value in dermis (51 %) 
was observed after 334 nm irradiation. T he differe nces com
pared to untreated skin were not, however, statist ically signi f
icant. 

Dose response : Dose-dependent reduction of t he retinol con
cent ration was observed after irradiation at 334 nm (T able II). 
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Six repeated irradiations of 0.5 J/cm2 given over a period of 9 
days reduced retinol by the same amount as that resul ting afte r 
a single dose of LO J/cm2

. 

Regeneration : Fig 2 shows the regeneration of ret inol fo llow
ing a single irradiation at 334 nm (3.0 J /cm2

) . T he init ia lly low 
values (18% and 10% fo r epidermis and dermis, respectively ) 
increased gradually to about 70% at the end of a week. 

I rradiated Human Skin 

Dose- response: P ilot experiments showed that, in comparison 
wit h rabbit skin , higher doses were needed to affect vitamin A 
in human skin . Irradiation of froze n human skin at 334 nm 
induced the fo llowing reductions of epidermal retinol: 88% (1 
J/cm2

) , 74% (5 J /cm2
), and 51% (10 J / cm2

). 

In another set of experiments, the importance of the skin 
temperature during irradiation was studied. At ambient tem 
perature (22. C), 10 J/cm2 of 334 nm radiation reduced the 
epidermal retinol concent ration to 38 ± 8%, which is similar to 
the value observed in frozen specimens (see above) . 

A nalyses of different skin layers: Fig 3 compares the retinol 
content in different layers of unt reated and irradiated skin 
samples. Down to middermis, the values in irradiated skin are 
signi ficant ly below t hose in untreated skin , indicating that t he 
effect of 334 nm radiation extends to a depth of about 1 mm. 

DISCUSSION 

The present study shows t hat UV irradiation reduces t he 
cutaneous vitamin A concent ration in vivo as well as in vitro. 
The reduction is dose-dependent and additive if repeated doses 
are given (Table II ). Also, there is a wavelength dependence as 
revealed by applying equal doses of 313, 334, 365, and 405 nm 

TABLE II. Dose-response data for UV-induced (334 nm) lowering of 
the cutaneous retinol concentrations in rabbit ear skin" 

Epidermis 
Dermis 

UV dose (J /cm') 

0.5 1.0 3.0 

(Mean concent.ral ion in % of unlrealed ski n) 
52.0 
48.5 

48.5 
32.5 

23.8 
17.0 

"For experimenta l deta ils see under Study Design . 

1 3 5 
DAYS AFTER UV(334) IRRADIATION 

6 X 0.5 

44.5 
32.5 

7 

F IG 2. Variations in t he cutaneous ret inol concentrations in rabbi t 
ear skin a fte r a single exposure to 334 nm UV irrad iation (3 J /cm2

) . 

Each poin t represents the mean value of 2 experiments. 
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Epidermis Dermis 1 section no 1 
FIG 3 . R.et.i nol concentrations in un t reated a nd UV -irradiated (334 

nm, 10 J/cm2) human skin. Epidermis and 5 dermis sections (200 11m) 
were prepared from pa ired sa mples. Each poin t. represents t he mean ± 
SEM of 6 analyses. St,a rs denote level of significa nce of untreated vs 
UV- irradiated skin : ••• = p < 0.001 ; •• = p < 0.01; • = p < 0.05. NS 
denotes not significant, p > 0.05. 

(Fig 1). The max imum effect was seen afte r irradiation with 
t he 334 nm band whereas at the other wavelengths the effect 
was less pronounced. Since the optical absorption spectrum of 
retino l in organic solvents has a broad maximum centered at 
327 nm [8], it is assumed that the action spect rum closely 
resembles t he absorption spectrum. 

In a previous study in humans, a reduction _of cutaneous 
retinol was observed after a series of 12 UV 1rrad1atwns over a 
period of 2-3 mont hs (3]. Whether the reduction _was a direct 
consequence of irradiation or secondary to metabo ltc rearrange
ments could not be dec ided. In the present study, we found that 
the retinol level was lowered directly after a single irradiation , 
and that the reduction was similar in frozen and in fresh sk in , 
t hus suggesting independence of cellular metabolism. A direct 
photochemical process is more likely to be invo~ved. . 

Photochemical damage of retinoids in organiC so lvents IS a 
we ll-established event and will lead to destruction of the activ
ity of the compounds (1 ,9 ]. The poly~nsa~ur.ated side c~ain of 
vitamin A is particu larly sensit ive to 1rradwbon. Isomen zabon 
and disruption of double bonds resul t in a range of decompo
sition products with different chemica l characteristics [1,10]. 
Recent investigations using pulsed irradiation of vitamin A 
have demonstrated several short-lived inte rmediates [11] . 
These include triplet states, radical cations and anions, and 
retinylic carbenium ions. It was suggested that t hese interme
diates might elici t photosensitivity when applied to t he skin. 
Wheth er the photodecomposit ion of endogenous retinoids in 
the skin proceeds in t he same manner is unknown, however. 
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A study of t he various skin layers showed t hat retinol deg
radation was most extensive in the epidermis and progressively 
less so in the deeper layers of t he skin, presumably reflecting 
the extent to which 334 nm radiation penetrates the t issue (Fig 
3) (12]. In rabbit ear skin, on the other hand, similar reductions 
of retinol were observed in epidermis and dermis (Fig 1, Table 
II). A probable explanation is that the thin and nonpigmented 
rabbit epidermis allows the radiation to penetrate in to the 
underlying dermis. The different morphology of rabbit and 
human epidermis may also help to explain why the UV radia
tion dose needed to reduce the retinol concentration by 50% 
was 10 times less in the former tissue. 

3-Dehydroretinol , present in both rabbit and human epider
mis, was not reduced to the same extent by irradiation as was 
retinol. One possible explanat ion is that 3-dehydroretinol has 
a different absorption max imum than retinol (352 vs 327 nm ). 
Analogously, we recently reported t hat, in patients t reated with 
an aromatic retinoid (etretinate; absorption maximum 365 nm ), 
the epidermal concentration of the drug was apparent ly unaf
fected by UVB therapy, while at the same t ime the retinol 
concentration decreased to 30% of the original value [13]. 
Another possible explanation for why retinoids are differently 
affected by UV irradiat ion, is that some compounds are pro
tected from photochemical damage by compartmenta lization 
within the keratinocytes or by binding to receptor proteins. By 
analogy, serum retinol-binding protein protects vitamin A on 
irradiation (14]. 

The regeneration of the cutaneous vitamin A levels after 
irradiation seems to be a slow process. In rabbit skin , it takes 
over a week (Fig 2). Since it is not known whether carotenoids 
of the skin can be recruited for a local formation of vitamin A, 
it appears that the regenerat ion requires a conti nuous supply 
of vitamin A from the blood. Preliminary data show that the 
epidermal uptake of C'H]retinol from serum retinol-binding 
protein is increased after UV irradiation [ 15]. Whether or not 
whole-body UV irradiation causes secondary changes in the 
blood vitamin A concent rat ion is a matter of debate [3,16- 19] 
and needs fu rther investigations under cont rolled condi tions. 
Such experiments are now in progress using an animal model. 

In conclusion, we have shown that retinol levels in rabbit 
and human skin decrease significantly upon exposure to UV 
radiation of the type and intensity present in sunlight at the 
surface of earth. The nutritional and biological implications of 
these findings remain to be established. We a re currently 
in terested in the possibili ty t hat radiation-induced depletion of 
cutaneous vitamin A and formation of photosensitizing retinoid 
intermediates may promote UV carcinogenesis. 

The tec hnical ass istance of Ms. I. Pihl -Lundin and Ms. Eva Hagfor
sen is gratefull y ac knowledged. 

REFERENCES 

1. Mousseron-Canet M: P hotoc hemical transformation of vitamin A, 
Methods 1!1 Enzymology, vol XVI II, part C. Edited by DB 
McCormick, LD Wnght. New York, Academic Press, I979, pp 
591- 615 

2. Vahlquist A: Vitamin A in human skin: I. Identification and 
detection of ret.inoids in normal epidermis. J Invest Dermatol 
79:89- 93, 1982 

3. Berne B, Vah lquist A, Fischer T, Danielson BG Be rne C: UV
treatment of uraemic pruritus reduces t he vita~in A content of 
the skin . Eur J Clin Invest 14:203- 206, 1984 

4. Alsin s J , Claesson S, Fischer T , Juhlin L: Deve lop ment of' high 
in tensity narrow-band lamps a nd studies of the irradiation effect 
on huma n ski n. Acta Derm Venereal (Stockh) 55:261- 271, 1975 

5. Slaga T.J , Bowden GT, Shapas BG , Boutwell RK: Mac romolecular 
synthesis following a single application of a lkylating agents used 
as ini t iators of mouse skin tu morige nesis. Cancer Res 33:769-
776, 1973 

6. Baumberge r JP, Su nt.zefT V, Cowdry EV: Methods for the separa· 
tion of dermis and some physiologica l a nd chemical properties 
of isolated epidermis. JNC J 2:413- 423, 1942 

7. Va hlquist A, Lee JB, Michaelsson G, Rollman 0: Vit.ami n A in 
human skin: II. Conce ntrations of carotene, retinol and dehydro· 



404 BERNE, NILSSON, AND VAHLQUIST 

retinol in various components of normal skin . J In vest Dermatol 
79:94- 97, 1982 

8. Moore T : Vitamin A. Amste rdam, Elsevier , 1957, pp 42- 50 
9. Sands JA: Photochemical destruction of the virucidal activities of 

retinoids a nd unsaturated fatty ac ids. Antimicrob Agents Chem
other 20:699- 70 I, !98 1 

10. McCormick AM, Napoli JL, DeLuca HF: High-pressure liquid 
chromatography of vitamin A metaboli tes a nd analogs, Methods 
in Enzymology, vol 67, pa rt F. Edi ted by DB McCormick, LD 
Wright. New York, Academic Press, 1980, pp 220- 233 

11. Lo KKN, La nd EJ, Truscott TG: Primary in termed iates in the 
pulsed irradiation of retinoids. Photoc hem Photobiol 36: 139-
145, 1982 

12. Parrish JA, Anderson RR, Urbach F, Pitts 0 (Eds): UV -A: Biolog
ica l Effects of Ultrav iolet Radi ation with Emphasis on Human 
Responses to Longwave Ult raviolet. New York , Plenum Press, 
1978, pp 62- 77 

Vol. 83, No.6 

13. Rollman 0 , Va hlquist A: Reti noid concentrations in skin, serum 
and adipose tissue of patients treated with etret.inate. Br J 
Dermatol 109:439- 44 7, 1983 

14. Vahlquist A, Peterson PA: Combinat ion of specific a nt ibodies with 
the huma n vi tamin A-transport ing protein complex. J Bioi Chern 
248:4040- 4046, 1973 

15. Vahlquist A, Berne B, T ii rmii H: UV- radiat ion a nd cutaneous 
ret inol (abstr). J Invest Derrnatol 82:5.52, 1984 

16. Cluver EH, Poli tzer WM : Sunburn a nd vitamin A deficiency. S 
Afr J Sci 61:306- 309, 1965 

17. Cluver EH, Politzer WM: The pathology of sun t rauma. S Afr Med 
J 39: 1051- 1053, 1965 

18. Findlay GH , Van der Merwe LW: Epidermal vitam in A and sun 
burn in ma n. Br J Derrnat.o l 77:622- 626, 1965 

19. Anderson FE: Studies on the relationship between serum vi tamin 
A a nd sun exposure. Aust J Derma to! 10:26- 32 , 1969 




