
15.2.79 Special• a 247 

Dose-effects of 8-methoxypsoralen and long wave UV-light in 3T3 cells: evaluation of a phototoxic index 1 

J. Pohl and E. Christophers 2 

Dept. of Dermatology, University of Kiel, D-2300 Kiel (Federal Republic of Germany), 9 January 1978 

Summary. 3T3 ceils were cultured until confluency and treated with various doses of 8-methoxypsoralen followed by long 
wave UV light irradiation. The inhibition of 3H-thymidine incorporation was dose-dependent for both, psoralen and light. 
A phototoxic index (PTI) was established demonstrating that a constant correlation between psoralen and UVA light exists 
for the photoinactivation in living cells. 

Psoralens are known to possess photosensitizing activity in 
bacteria, yeasts and animal cells after long wave UV 
irradiation (UVA). By UVA irradiation these substances 
bind as photo-mono-adducts to DNA or form interstrand 
cross-links in DNA 3-s. Recently the use of  8-methoxypso- 
ralen (8-MOP) together with potent UVA light sources has 
been found to be therapeutically effectful in various skin 
diseases. Although the mode of action in skin is not fully 
understood, the combined treatment is supposed to inhibit 
the proliferation of cutaneous cells. 
In vivo the effectful dosage of 8-MOP and UVA has been 
found empirically 9,1~ and appears to be considerably lower 
than the concentrations employed for in vitro experiments. 
Since biological inactivation after sensitization with pso- 
ralen plus UVA light appears to be dose-dependent, it is of 
interest to know the inactivating dosages of 8-MOP and 
UVA light, and the correlation of both. 
Materials and methods. 3T3 cells (Swiss albino) were ob- 
tained from LS, Linbro culture dishes (FB-16-24-TC) from 
Flow Laboratories, 8-methoxypsoralen (8-MOP) from 
Basotherm, Earle's Balanced Salt Solution (EBSS), 
McCoy's 5A medium, fetal calf serum (10%) and penicil- 
fin/streptomycin (10,000 IU/10,000 gg/ml)  from Gibco 
Bio-Cult. [methyl] 3H-Thymidine was purchased from the 
Radiochemical Centre Amersham. 3T3 cells were seeded in 
Linbro culture dishes containing 1 ml McCoy's 5A medium 
supplemented with 10% fetal calf serum and 100 I U / m l  
penicillin and 100 ~tg/ml streptomycin. In humidified :at- 
mosphere containing 5% CO2, the cells were allowed to 
grow to confluency at 37 ~ The growth medium was 
changed every 2 days. Subcultures were obtained every 
week by harvesting the cells by mild trypsinization (0.25% 
trypsin in EBSS) and re-seeding. 8-MOP (10-2-10 pg/ml,  
dissolved in DMSO) was added at confluency together with 
fresh medium. The final concentration of DMSO in the 
culture medium was lower than 0.1%. The cell cultures 
were kept for 1 h in the dark, followed by irradiation with 
UVA (PUVA 4000, Waldmann, Germany; output 
6.5 mW/cm 2) at different dosages (0.65, 1.3, 1.95, 2.6 J/cruZ). 

Absorption of UVA radiation by medium and the cover 
of the culture dishes was taken into account. The 8-MOP 
containing medium was removed and replaced by fresh 
medium. 24 h after exposure to UVA irradiation, 2 gCi /ml  
of 3H-thyroid• was added to the culture medium for 2 h. 
After several washes with EBSS and mild trypsinization, 
the cells were harvested (Titertek, Flow Laboratories) on 
filter plates which then were dried for 30 min at 60 ~ and 
added to liquid scintillation medium. The radioactivity was 
measured by a Packard Tricarb Spectrometer. The ex- 
periments were done in quadruplicates and the SD were 
calculated. 
Results. Previous experiments revealed that an incubation 
lime of 60 rain for 8-MOP is necessary to obtain maximum 
inhibitory rates of  3H-TdR incorporation. Also, photoinac- 
tivation proceeded slowly during the hours following irra- 
diation, so that after 24 h dose-effects could be measured 
(unpublished). Our results show a clear dose response curve 
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Semilog graph of 3H-thymidine incorporation rates in 3T3 cells 
treated with various dosages of 8-MOP and UVA. Photoinactiva- 
tion is complete at a phototoxic index (PTI), abscissa, of 6. 

Effects of various concentrations of 8-MOP and different dosages of UVA light on ZH-thymidine incorporation of 3T3 cells. Cells 
were irradiated 60 min after incubation of 8-MOP and the uptake of 3H-thymidine was measured 24 h later. Data are given as mean 
(cpm of 4 separate cultures) 4- SD 

8-MOP (~tg/ml) J/cm 2 
0 0.65 1.3 1.95 2.6 

0 6276 i859  6278 • 318 6100 4-1007 6558 -- 304 6104 4- 368 
0.01 55974-756 6264• 66124 578 66204-553 63724-715 
0.02 61204-348 5246• 5317• 59365-863 5819• 
0.04 6528-t-298 5520-4-521 47984- 871 56884-614 50274-863 
0.1 64044-804 43264-830 39824- 578 34224-497 31734-200 
0.2 62064-490 38874-558 39164- 376 29534-509 2171 4-170 
0.4 56584-146 35894-570 35904- 440 19194-407 14094- 88 
1 58734-t-469 19814-363 15004- 335 4804-219 3364- 94 
2 59004-190 13574-203 9564- 182 1854- 50 694- 25 
4 65384-524 8524-229 4304- 159 30• 4 204- 2 
10 6463~:611 25• 5 174- 5 214- 3 184- 5 
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when the data are plotted individually for 8-MOP and 
UVA (table). In order to compare the effects of various 8- 
MOP concentrations with different exposure lengths of 
UVA, the individual data were plotted semilogarithmically 
as the product of psoralen concentration and UVA dose 
(figure). This product may be called the phototoxic index 
(PTI). As can be seen on the figure, the incorporation rates 
show a linear decrease with an increasing PTI. The minimal 
effective PTI value was approximately 0.01, whereas com- 
plete inhibition was found at a PTI of 10 (figure). The 
inhibitory range is therefore three orders of magnitude 
independent of the individual dose of light or psoralen 
used. The linear curve in the figure may be calculated by 
the following formula: 

J/cm 2 x l~g 8-MOP/ml 
c p m = c  x l n  

PTImax 

Abbreviations: 
c = constant relative to cell type under study 
In = natural logarithm 
PTImax = complete inhibition of 8H-TdR incorporation 

The results show that the inhibitory effect of psoralen and 
8-MOP upon scheduled DNA synthesis in cultured cells is a 

product of the effect of psoralen and light. By this method, 
information on the photosensitizing effects of a given 
8-MOP concentration and the applied UVA dosage can be 
obtained rapidly, e.g. the absolute sensitivity of these cells 
is obtained by determining the minimum PTI, whereas the 
relative sensitivity is shown by the slope of the curve. 

1 Supported by Deutsche Forschungsgemeinschaft. 
2 We thank Miss Anne SchrOder for her skillful assistance. 
3 F. Dall'Acqua, S. Marciani, L. Ciavatta and G. Rodighiero, 

Z. Naturf. 26b, 561 (1971). 
4 R.S. Cole, Biochim. biophys. Acta 217, 30 (1970). 
5 R.S. Cole, Biochim. biophys. Acta 254, 30 (1971). 
6 F. Dall'Acqua, S. Marciani, D. Vedaldi, G. Rodighiero, Bio- 

china, biophys. Acta 353, 267 (1974). 
7 M.A. Pathak and D.M. Kramer, Biochim. biophys. Acta 195, 

197 (1969). 
8 E. Ben-Hur and M.M. Elkind, Biochim. biophys. Acta 331, 

181 (1973). 
9 K. Wolff, H. H6nigsmann, F. Gschnait and K. Konrad, Dt. 

med. Wschr. 100, 2471 (1975). 
10 J.A. Parrish, T.B. Fitzpatrick, L. Tanenbaum and M.A. 

Pathak, New Engl. J. Med. 291, 1207 (1974). 

Hepatic UDP-glucuronyltransferase activity in acrylamide neuropathy 1 
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Summary. Acrylamide was found to be tissue selective in its toxicity. Doses which were clearly neurotoxic to rats were 
without effect on hepatic UDP-glucuronyltransferase, total hepatic protein or microsomal protein. 

Endoplasmic reticulum (ER) in nerves becomes disordered 
in certain toxic neuropathies. Dorsal root ganglia and 
anterior horn cells exhibit freeing and dispersion of granu- 
lar ER and polyribosomes in cats with acrylamide neuropa- 
thy 2. Tubulovesicular profiles of ER become evident in the 
axoplasm of animals given vincristine 3 or bis-(N-oxopyri- 
dine-2-thionato) zinc II 4. Amino acid incorporation into the 
nerves is depressed prior to pathological evidence of the 
neuropathy 5 and then becomes enhanced when the neurop- 
athy is established 6. 
Acrylamide is distributed in the total body water 7 and 
hence might be expected to exert a similar disruptive action 
on non-neural ER. Liver UDP-glucuronyltransferase 
(UDP-GT) from acrylamide intoxicated rats provides a 
readily accessible substrate upon which to assess this action 
since it is located in the ER, is affected by changes in its 
microenvironment 8-1~ and is important in the metabolism 
of many xenobiotics. 
Methods. Male Wistar rats (120-200 g) were given 
monomeric acrylamide dissolved in sterile saline (30 mg/kg 
s.c. daily for 14 days); control animals received an equi- 
valent volume of saline. Animals were judged to be neuro- 
pathic when they exhibited splaying of the hindlimbs, 
motor paralysis and loss of body weight. On the 15th day, 
when neurotoxicity was evident, the rats were decapitated, 
their livers rapidly removed and chilled in ice-cold 1.15% 
KC1 and microsomal fractions prepared as previously de- 
scribed ~. 
UDP-GT activity was measured in microsomal fractions 
using either o-aminophenol (OAP) or p-nitrophenol (PNP) 
as substrates. Typical incubation mixtures contained in a 
final volume of 0.5 ml: 1-3 mg microsomal protein; 50 mM 

Tris-HC1 buffer, pH 7.4; 5.0 mM MgC12; 0.5 mM of 
phenolic substrate and 5.0 mM UDP-glucuronic acid. 
Reactions were started by adding UDP-glucuronic acid and 
run for 15 min at 37 ~ OAP glucuronidation was estimat- 
ed by the method of Dutton and Storey 12. PNP glucuroni- 
dation was estimated by determining the disappearance of 
PNP as previously reported". All determinations were run 
in duplicate including blanks, which contained all reactants 

Table 1. Effect of chronic acrylamide treatment on hepatic 
UDP-GT activity. Rats were treated for 14 days with either 
acrylamide (30 mg/kg, s.c.) or an equivalent volume of saline 
vehicle. Hepatic microsomal fractions were prepared 24 h later 
and UDP-GT activity was determined 

Treatment UDP-GT activity ~ 
(nmoles/15 mirdmg protein) 
OAP PNP 

Control 4.0 ___ 0.39 26.2 _+ 4.9 
Acrylamide 4.7 • 0.14 23.0 -+ 4.1 

The values are the mean _+ SEM for 4 animals. 

Table 2. Effect of chronic acrylamide treatment on liver weight and 
total and microsomal hepatic protein content. Rats were treated as 
described in table 1 

Treatment g liver/100 g Total protein Microsomal protein 
b.wt ~ (mg/g liver) ~ (mg/g liver) ~ 

Control 4.57+0.07 231___3.6 11.4+0.5 
Acrylamide 4.29_+0.14 241_+3.3 12.9_+0.7 

The values are the mean • SEM for 4 animals. 


