
Experientia 39 (1983), Birkhauser Verlag, CH-4010 Basel/Switzerland 

National Zoological Park/Smithsonian Institution, for samples 
of frozen serum. 

3 To whom correspondence should be addressed. 
4 Wriston, Jr, J.C., J. molec. Evol. 17(1981) 1. 
5 Simpson, G.G., Symp. zool. Soc. London 34 (1974) 1. 
6 Simpson, G.G., Splendid Isolation. Yale University Press, 

New Haven 1980. 
7 Keast, A., Erk, F.C., and Glass, B., eds, Evolution, Mammals, 

and Southern Continents. State University of New York Press, 
Albany 1982. 
Lavocat, R., Symp. zool. Soc. London 34 (1974) 7. 
Wood, A.E., Symp. zool. Soc. London 34 (1974) 21. 
Weir, B.J., Symp. zool. Soc. London 34 (1974) 437. 
Wriston, Jr, J.C., and Yell• T.O., Adv. Enzymol. Relat .  
Areas molec. Biol. 39 (1973) 185. 
Kidd, J.G., J. exp. Med. 98 (1953) 565, 583. 
Broome, J.D., Nature, Lond. 191 (1961) 1114. 
Broome, J.D., J. exp. Med. 118 (1963) 99. 

8 
9 

10 
11 

12 
13 
14 

385 

15 Yell• T.O., and Wriston, Jr, J.C., Biochemistry 5 (1966) 
1605. 

16 Mashburn, L.T., and Wriston, Jr, J.C., Archs Biochem. Bio- 
phys. 105 (1964) 450. 

17 Whelan, H.A., and Wriston, Jr, J.C., Biochemistry 8 (1969) 
2386. 

18 Peters, J.H., Lin, S.C., Berridge, Jr, B.J., Chao, W.R., and 
Cummings, J. G., Life Sci. 9 (1970) 431. 

19 Holmquist, N.D., Proc. Soc. exp. Biol. Med. 113 (1963) 444. 
20 Lee, M.B., and Bridges, J. M., Nature, Lond. 217 (1968) 758. 
21 Old, L.J., Boyse, E.A., Campbell, H.A., and Daria, G.M., 

Nature, Lond. 198 (1963) 801. 
22 Clement• A., Archs int. Physiol. 19 (1922) 369. 
23 Herbut, P.A., and Kraemer, W.H., Am. J. Path. 34 (1958) 767. 

0014-4754/83/040383-0351.50+ 0.20/0 
�9 Verlag Basel, 1983 

Influence of chronic UV-light exposure on hepatic and cutaneous monooxygenases 

G. Goerz,  H. Merk, K. Bolsen, D. Tsambaos, and H. Berger 

Department of Dermatology, University of Di~sseldorf Moorenstrasse 5, D-4000 Di~sseldorf, Department of Dermatology, 
University of GOttingen, D-3400 GOttingen (Federal Republic of Germany), and Department of Dermatology, University of 
Berlin, D-IO00 Berlin, West, October 14, 1982 

Summary. Hairless female Ng / -mice  were irradiated by UV-light for 16 h daily over  a period of  24 weeks. Monooxygenase  
activities were measured in liver and skin, and an induction of  the aryl-hydrocarbon hydroxylase was detected in liver by 
both f luorometric  and radiochemical methods, whereas no induction o f  this enzyme could be demonstrated in the skin. 

Monooxygenases are membrane-bound enzymes which 
play an important  role in the oxidative metabol ism of 
numerous chemical  carcinogens, drugs and lipophilic endo- 
genous substrates. They have been found in the microsomal 
fractions of  different tissues in various mammal i an  species. 
Apart  from genetic factors 1, environmental  agents may also 
be capable of  influencing the levels of  monooxygenases 
and their inducibility. 

To our knowledge, the effects o f  radiation on the activity of  
different monoxygenases,  especially aryl-hydrocarbon 
hydroxylase (AHH;  EC 1.14.14.2), have not yet been pub- 
lished. Tredger and Chhabra 2 postulated that the light cycle 
may be related to the circadian variations in monooxyge-  
nase activities found in the liver, lungs and other extrahe- 
patic tissues of  experimental  animals. An increased 
7-ethoxycoumarin-deethylase(7-EOC-D)-activi ty was 
found in the skin of  female hairless mice after exposure to 
short-wave UV-radiat ion (254 nm) and to a sun-lamp 
(280-750 nm) 3. 

In the present study, we report the effects o f  chronic UV- 
light exposure on the activity of  cutaneous and hepatic 
monooxygenases in hairless mice. 

Materials and methods. Adult  female hairless Ng / -mice  
(mean weight 33 g) were kept at a constant room tempera-  
ture of  21~ and a relative humidity of  55% and were 
allowed free access to food and water. 10 mice were 
irradiated for 16 h daily, using assemblies of  TL 40 /W 09 
(Phillips) fluorescence tubes (mean daily doses: U V A =  106 
J/cm2; U V B = 0 . 6 2  J/cruZ). A detailed description of  the 
experimental  procedure has been published elsewhere 4. 
24 weeks after the start of  the experiment,  irradiated and 
nonirradiated control animals (10 mice) were sacrificed by 
decapitation, and liver and skin microsomes were prepared 
as previously described 5. In the microsomal fractions, the 
following parameters were determined: protein content 6, 
cytochrome P-450 content  7, 7 -EOC-D 8, A H H  9 and amino- 
pyr ine-N-demethylase(ADM) 1~ The benzo(a)pyrene meta- 
bolism and AHH-act iv i ty  were studied by the radiometric  
assay described by Van Cantfort  et al. H. 
Results and discussion. The results of  our investigation are 
shown in tables 1 and 2. The values of  all measured 
parameters in the skin microsomes of  the irradiated ani- 
mals revealed no significant differences as compared to 
controls. On the contrary, in the liver o f  the irradiated 
animals, a significant rise in the protein and cytochrome 

Table 1. Protein, cytochrome P-450 content and cytochrome P-450-dependent enzyme activities in skin microsomes (values represent a 
pool of 10 animals) and in liver microsomes (values represent means and SD (x • SD)) of 8 animals 

Protein a Cytochrome P-450 b 7-EOC-D c AHH d ADM e 
content 

Skin 
Irradiated 2.7 n.d. 0.02 0.2 n.a. 
Controls 2.9 n.d. 0.02 0.2 n.a. 

Liver 
Irradiated 22.1 • 0.4 0.78 • 0.01 2.70 • 0.66 5.7 + 0.2 210.0 + 10.0 
Controls 13.1 + 0.4 0.37 • 0.02 1.00 + 0.21 1.6 _+ 0.1 66.9 • 11.2 

p-Values < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

n.d., not detectable; n.a., not analyzed, amgx g tissue-l; bnM cytochrome P-450x mg protein-I; CnM umbelliferonex m i n - l x  mg 
protein- 1; dnM 3-OH-benzo (a)pyrene x 20 min- 1 x mg protein- 1; enM formaldehyde x min- l x g tissue- 1. 
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P-450 content of the microsomes was observed. In addition, 
the cytochrome P-450-dependent activities of AHH, ADM 
and 7-EOC-D were also significantly increased. The pat- 
tern of the in vitro inhibition of 7-EOC-D by metyrapone 
and a-naphthoflavone after irradiation was similar to that 
found in the controls. Finally, the metabolism of benzo(a)- 
pyrene in the irradiated mice was clearly enhanced, as 
shown by the increased amounts of benzo(a)pyrene meta- 
bolites found in the liver microsomes. These results indicate 
that, under the experimental conditions described above, 
UV-irradiation leads to an induction of the hepatic 
monooxygenases, particularly AHH, whereas it has no 
apparent effect on the cutaneous monooxygenases. Pohl 
and Fouts 3 measured an increased activity of 7-EOC-D in 
the skin of female hairless mice (strain HRS/J); however, 
they used short-wave UV-radiation (254 nm) or a s un l a mp  
(280-750 nm), and the 7-EOD-activity was the only 
parameter they determined. 
The interpretation of these findings is difficult. The possi- 
bility that the enzyme induction in the liver might be due to 
a direct effect of the radiation on the hepatocytes seems 
unlikely, though some photons could have reached the 
superficial parts of the liver through the extremely thin 
mouse skin. Alternatively, the UV-radiation may have led 
to the formation of an inducing substance in the skin or in 
the cellular elements of the peripheral blood, and the 
enzyme induction could have been mediated by excited 

Table 2. AHH-activity in cpm water-soluble 14C-benzo(a)pyrene/ 
mg protein/min, measured in liver and skin of adult female hairless 
Ng/-mice by radiometric assay 

Organ Control Irradiated animals 

Liver 504.3 1431.5 
Skin 71.5 64.3 

Experientia 39 (1983), Birkh~iuser Verlag, CH-4010 Basel/Switzerland 

states of oxygen in a sequence of molecular events similar 
to that suggested by Paine to explain monooxygenase 
induction in liver cell cultures after exposure to light r2. The 
apparent lack of AHH induction in the irradiated skin 
should be considered with caution, since it may be a 
temporary and not a representative event. Indeed it is 
possible that the activity of the cutaneous monoxygenases 
under UV-irradiation also reveals marked fluctuations, as 
previously reported with regard to other enzymes 13. Further 
studies are now warranted in order to define the behavior 
of monooxygenase activity in the liver and skin at various 
intervals under UV-irradiation and also after UV-tumori- 
genesis has developed. 
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Summary. Salivary glands with high, low, or no peroxidase activity do not differ in [S14CN -] after the i.v. injection of 
KS14CN, nor do the glands differ from blood and muscle in [S14CN-]. The content of SCN- in a salivary gland does not 
mirror the gland's participation in the peroxidase-mediated antimicrobial mechanism. 

Saliva and tears of some mammals contain the thiocyanate 
ion SCN-.  It is oxidized by H20 2 and lactoperoxidase (LP, 
E.C.I.ll~I.7.) to the antimicrobial hypothiocyanite ion 
SCNO- 1,2. This reaction is supposed to occur in the oral 
cavity, LP being delivered by the saliva and H202 by the 
normal microbial flora 3. The thiocyanate ion is synthesized 
by the enzyme thiosulphate cyanide sulphotransferase 
(E.C.2.8.1.1.). The enzyme is found in many, possibly most, 

4 4 tissues but mainly in the liver of the rabbit ,  the rat ,  and 
the guinea-pig 5. There is also a high activity in the kidney 4. 
In the guinea-pig the activity of the enzyme in the salivary 

Table 1. Lactoperoxidase activity in some excretory glands of 3 
rodents, recalculated to give AA470• see-l• g-1 wet wt. Four 
animals per group 

Submandibular SublingualParotid Lacrimatory 
gland gland gland gland 

Rat a 0.4_+0.2 0.6+_0.2 0.5+_0.3 15+_ 1 
Guinea-pig 12 +_3 13 +_2 4 _+1 
Rabbit 0 0 0 

aTwo strains. 

glands has been reported as ~ - ~  of that in the liver and 
the kidney 5. After the i.v. injection of thiocyanate the major 
part is excreted via the kidneys and, as CO2, via the lungs. 

35 35 A small proportion of injected SCN- appears as sul- 
t4 o 1-4 6 phate whereas CO 2 accounts for 30% of S CN- . There 

may also be some contribution of SCN- from hydrolyzed 
mustard oil and other thiocyanates of alimentary origin. 
The extent of coincidence between peroxidase and SCN- 

Table 2. Mean safivary gland, lacrimatory gland, and muscle 
[S14CN]/Serum[SI4CN] ratios, after i.v. injection of i0 ~tCi 
KS14CN/rat and guinea-pig, and 20 I.tCi KSlaCN/rabbit. A, 
0-25 min after and B, 25-50 rain after the injection 

Rat a Guinea-pig Rabbit 
A B A B A B 

Submandibulargland 0.58 0.36 0.37 0.40 0.62 0.79 
Sublingualgland 0.36 0.37 0.27 0.36 0.49 0.49 
Parotidegland 0.26 0.56 0.32 0.27 0.32 0.35 
Lacrimatory gland 0.34 0.31 
Muscle tissue 0.23 0.22 0.39 0.38 0.36 0.32 

a2 strains. 


