
Acta Dermatovener (Stockholm) 60: 327-331. 1980 

PHOTOTOXICITY OF TOPICAL TRIOXSALEN 
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Abslr{1c1. The phototoxic properties of topical triol\salen 
prepara1ion� were studied in 73 test subjects. A W/O 
emulsion base was superior to pe1rola1um. O/W emulsion, 
double emulsion and carbowax. The optimal inierval be­
tween application of the drug and UV A irradiation varicd 
between 40 and 60 min for both cream and ointment base,. 
An occlusive dressing greatly cnhanced the phototoxic 
effect of the drug. The skin I ost photosensitivity in 4 ho urs 
when the prepamtions were removed from the skin 45 min 
after the application. For clinical use a proper concentra-
1ion of trioxsalen in emulsion bases was 0.01--0.1 '1. 801h 
W/O and O/W emulsion bases with 0.01 % trioxsalen local­
ly applied ga,e moderate or good clinical results in 16 

psoriatic� and in 4 patients with lichen planus. W/O emul­
sion being bener in thb respec1. 

Key words: Photo-epicutancous testing: Photochemo­
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Two active psoralens arc presently in routine clini­

cal use. namely trioxsalen (4.5' .8-trimethylpsora­

len) and methoxsalen. The latter is more effective 

when given orally (6). but trioxs-::�n is more active 

in local use (2). Trioxsalen bath (50 mg/ 150 I water) 

with a low UV A dol.e is effective in the treatment of 
both psoriasis (3) and nodular prurigo (17). An al­

ternative method w,ing trioxsalen baths and dys­

prosium lamp\. giving both UVB and UVA. is also 

effective in thc treatment of psoriasis ( I. 2). 

Suhonen ( 15) has shown in his studies on the 

phototoxicity of topically applied methoxsalen, that 

the vehicle plays a very important rote in the pene­

tration of this drug in the skin. The phototoxic 

properties of trioxsalen in various vehiclcs were 

Mudied in thi, investigation. The results showed 

that W/0 emulsion basc was superior to cream 

bases and petrolatum in both producing phototoxic 

reactions and in local PUVA treatment of psoriasis 

and lichen planus. 

MATERIAL AND METHODS 

PMit•ms 

Sixty-two out of 73 test �ubjects were voluntary der­
matological patients; 42 of them had psoriasb. 11 lichen 

planus. 4 nodular prurigo and 5 had acne vulgaris. Eleven 
of the test subjects belonged to the staff of our clinic. The 
,eries comprised -15 males. mean age 45 (range 20-71) 
years and 28 females. mean age 44 (range 15-81 ). 

.\1ateriuls 

The UY A source was an ordinary PUVA-cabin giving 12 
mW/cm• of UVA (PUYA 22. Astra-Sjuco. Helsinki). 
Trioxsalen (Fermion, Finland) was u�ed as the phototoxic 
substance in six different vehicles: Aqualant, 1 Novalan®. 
Ambilan•. Hydran-' (all from Orion Corporation Ltd, 
Helsinki. Finland). Yellow petrolatum and carbowax. The 
mean amount of the test �ubstance applied to the skin was 
20 ;d/cm'. 

Merhods 

The optimal interval between application of trioxsalen 
and UV A irradiation was studied with 0.1 % trioxsaten 
in Aqualan! and Hydran�. Each test substam.:e was 
applicd to a 3 X20 cm area of back skin ha ving a 
normal appearance. No occlu,ion was u�ed but the area 

1 Aq11alan� 

Emulgators 
Glycerol (85 <;f I 
Methyl parahydroxy-benzoale 
Purifie<l water a<l 

Ambila11® 

Emulgators 
White petrolatum 
Paraffin liquidum 
Sorbic acid 
Purified water ad 

Carboll'ax (Ungt. Macrogoli DFI 

Macrogolum 400 
Macrogolum 300 

Nol'(,/1111® 

Emulgators 
White petrolatum 
Methyl parahydroxy-benzoate 
Purified water ad 

Hydran<7. 

Emulgators 
White petrolatum 
Sorbic acid 
Puri.fied water ad 

30 g 
8g 

250 mg 
100 g 

20g 
20g 
I0g 

200 mg 
100g 

60g 
40g 

32 g 
8g 

100mg 
IOOg 

6g 
54 g 

200 mg 
100g 
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Table I. The 1111mher uf positil'l' reactions and 
mean reac1io11 indices with 0.1 % 1rioxsale11 in �ix 
dijfere111 1·ehicles 

The drug was applied 45 min before irradiation with 1.4 
J/cm• of UVA. Aqualan•-OtW emulsion. Novalan&= 
O/W emulsion, Ambilan®=double emulsion. Hydran�= 
W /0 emulsion. Carbowax = Macrogol 400-+- 3 000. O= no 
reaction. I-erythema, 2=erythema with oedema. 3= 
moderate or strong oedema. 4=blister\ or uniform bulla 

No. of 
posi-

No. tive Mean 
of reac- reaction No. of 

Vehicle tests tions indices bullae 

Aqualan® 21 6 0.3 0 
NovaJan® 21 6 0.3 0 
Ambilan® 21 20 I 2 0 
Hydran' 21 21 3.1 6 
Pctrolatum 21 20 1.8 0 
Carbowax 21 0 0 0 
Aqualan3 with 
occlu�ion 21 21 2.5 0 

was protected from ligh1 until irradiation. Afler 5. 10. 20. 
30. 40. 50, 60, 90. 120, 150 and 180 min I cm x I cm areas
were irradiated with 2.2 J/cm2 of UV A. Just before ir­
radiation each test area was clean;,ed of test ,,ubstance, by
pressing several limes with blott1ng paper. The test areas 
were protected from light for a further 24 h and the results 
were recorded 72 h after irradiatlon. 

In the second part of lhc study the phototoxicity of 
trioxsalen was investigated in six cream and ointment 
bases. The com:entration of 1he drug was 0.1 %. Each test 
�ubstance (20 µI/cm') was applied to a 3 cm x 3 cm area of 
normal back skin. Trioxsalen-Aqualan3' was applied to 
two areas with and without occlusive plastic wrap. Other 
test areas were not occluded but were protected from 
light. After 45 min the test ;,ubstance, were removed by 
pressing several time� with blolting paper. avoiding 
spread of vehicles. The test areas were covered with a 
light-proof carbon paper with I cm x I cm hole for each 
vehicle and irradiated with 1.4 J/cm• of UVA. The ;,kin 
under Lhe carbon paper bet ween the test squares 
functioned as a dark control. The test areas were pro­
tected from further light for 24 hour,,. The readings were 
made 72 hours after irradiation. 

In the third part of the study the disappearance of the 
phototoxicity after removing trioxsalen from the skin was 
investigated. Hydran11 with 0.01 % 1rioxsalen was re­
moved 45 mm arter application from the right foreann with 
blotting paper and from left forearm with soap and warm 
water. The test areas were protccted from further light 
exposure until UVA irradiation. The cxp0sure 10 UVA 
was performed with increasing doses (Table Il) 0. 2, 4, and 
8 h after the removal of lhc drug. The test results were 
read 72 h afler irradiation. 

The ability of 0.01 % trioxsalen in crearn and ointment 
bases 10 clear up dermatoses was studied in 16 patients 
with psoriasis and 4 patient:, with lichen planus. Trioxsa-

At·u, /)1•rmr1w1·e1w1 rSto('/../wfm) 6() 

len-Aqualan11 was applied to the right arm and trioxsa­
len-Hydran® to the left arm. other area" af the body and 
leg� were treated with trioxsalen bath� as described by 
Hannuksela and Karvonen (3). 35 min after application of 
the ointmems the patients took a triox�alen bath for 10 
min. afler wh1ch both the ointments were removed with 
blotting paper ,md tJ VA 1rrad1ation "'as given as de,,cribed 
earlier (3). 

RESULTS 

Oprimal pe11e1rario11 rime 

The optimal interval between application of trioxsa­
len and UV A irradiation was 40-60 min for trioxsa­

len-Aqualan• (Fig. I). After this period the photo­
toxicity diminished rapidly even if the drug was not 
removed from the skin. After application of triox­
salen-Hydrantt the phototoxicity reached its 
maximum in 50 min and remained strong for at least 
3 hours. 

Vehiclel 

The intensity of phototoxic reaction to trioxsalen 
was strongly influcnced by the vehicle (Table I). No 
positive reaction was :-een when Carbowax was the 
vehicle. Pure petrolatum and Ambilanit gave satis­

factory results. but the best results wcre gained 
with Hydran�. 

When 0.1 9? trioxsalcn-Aqualan� was occluded 
for 45 min before irradiation the number and the 
intensity o f  positive reaction� increased greatly, 
nearly achieving the grade of phototoxicity of 0.1 o/i­
trioxsalen-Hydran" applied without occlusion. 

Di.\appearance o.f phototoxicity 

After removing trioxsalen-Hydran� from the skin, 

the phototoxicity disappeared rapidly (Table II).

Afler as little as 2 hours the reactions were greatly 
weakened and after 8 hours even 21.6 J/cm2 failed 
to produce a reaction. This was observed irrespec­
tive of whether thc trioxsalen ointment was washed 
from the skin or removed with blotting paper. 

Treatme111 of psoriasis and liclu!11 ph11111l 

In 16 out of 20 patients with psoriasis or lichen 
planus the lesions healed more rapidly with 0.01 % 
trioxsalen-Hydran® than with 0.01 % triox�alen­
Aqualanll- (Table ITI. Figs. 2a. 2b). On the other 
hand. trioxsalen-Hydran� and trioxsalen bath were 
equally effective. Tanning after trioxsalen ointment 
therapy was just as even as after trioxsalen bath 
therapy. Degree I burning was seen with trioxsalen 
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Table LI. Disappearance of phototoxicity after remo,,al of trioxsalen from the skin o.f 12 test subjects 

Trioxsalen-Hydrnn® (0.01 o/c) was removed 45 min after application 

Time after removal 
of the drug (h) ... 

Drug removed with 
blotting paper 

0 2 4 8 

Drug removed with 
soap and water 

0 2 4 8 

UVA dose (J/cm2) 0 96 3.84 7.20 21.6 0.96 3.84 7.20 21.6 
Number of positive 
test reactions 12 10 0 

bath in 2 cases. with trioxsalen-Hydran® in 4 cases 
and with trioxsalen-Aqualan® in one case. There 

were no pathological changes in routine blood and 
urine tests due to trioxsalen. 

DISCUSSION 

The phototoxicity of topical trioxsalen was highly 
dependent on the vehicle. as could be expected on 
the basis of the studies concerning methoxsalen (4. 

5, 15). The finding that lipophilic ointment, Hyd­

ran® , was the optimal vehicle for trioxsalen was 

somewhat unexpected. because the best vehicles 
for methoxsalen were petrolatum, foundation 

cream and hand cream in study of Suhonen ( 15). 
and hydrophilic ointment and lanolin in that of 

.. 
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4.0 
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; 2.0 

C 

.. 

:E 1.0 

0.1 % TRIO X SALEN­
HYDRAN 

• 0.1% TRIOXSALEN­
AOUALAN 

0 12 10 0 0 

Kaidbey & Kligman (4). When trioxsalen-Aqualan® 

was used with occ-lusion the phototoxic reactions 
were greatly enhanced, and thus one of the most 
imponant factors in sensitizing the skin to photo­
toxic substances seems to be the degree of occlu­
sion. Perhaps also the poorer solubility of trioxsalen 
in water (2 mg/100 ml) compared with methoxsalen 

(4.8 mg/100 ml) (9) has an effect on the penetration 
of the drug. 

The optimal interval between the application and 

irradiation was 40--00 min for cream base 

(Aqualan®l and slightly longer for trioxsalen in 

lipophilic base (Hydran®) when they were applied 
without occlusion. Suhonen (15) found that 1-2 h 

was the optimum for methoxsalen in various ve­
hicles applied with occlusion. 

4.0 

3.0 

2.0 

1.0 

0.0 

Fig. I. Mean 72 h reaction 
indices of reactions elicited 
by 0.1 % trioxsalen­
Aqualan@ and 0.1 % trioxsa­
len Hydran® irradiated with 
2.2 J/cm2 of UV A in 20 test 
subjects. Time means the in­
terval between application 
and irradiation. Reaction in­
dices: O=no reaction, 

o.o D 
10 20 30 40 50 60 90 120 150 180 

min. before UVA I rradlatlon 
APPLICATION TIME 

I =erythema, 2=erythema 
with oedema, 3=moderate or 
strong oedema, 4= bl isters or 
uniform bulla. 
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Table lll. Results ofthe treatment qf psoriasi� and lichen pla1111s ll'ith 0.01 o/r trioxsa/en in Aq11a/a11 lil and i11 
Hydran® and with trioxwlen baths /50 mg/150 I u·ater) 

The mean number of treatment se��ions in the psoriasis group was 16 and the mean total do�e of UV A n. I J/cm•. In 
Jichen planus the corre�ponding figure� were 15 and 6. I J/cm1 

Psoria,i, ( 16 pats. I Lichen pi anus (4 pats.) 

Moder.itc• Good Excellent :\loderate Good Excellent 

Trioxsalen-Aqualan® (right arm) 4 10 2 3 0 
Trioxsalen-Hydran® (lefl arm) 0 8 8 0 

Trio;,.salen bath (body and legs) 0 7 9 0 3 

" Poor: healing under 301k. Moderate: 30-607<. Good: 60-90'1. Excellent: 90-IOQq. 

When trioxsalcn-Hydran� was lefl on the �kin for 
3 hours thcrc was almo,t no decrcase in the strength 
of phototoxic reaction5. wherea!> after cleaning with 
a paper the phototoxic11y rapidl} di-,appeared (Table 
Il). This rapid loss of photosensitivity is espccially 
important in summertime when avoidancc of sun­
light may be difficult. 

The results of treatment with trioxsalen oint­
mcnts correlates well with results with bathing 
PUVA (Table III). The proper concentration of 
trioxsalen was only 1/10-1/100 of that needed in 
topical methoxsalen preparations (8. 10. 11. 12. 13). 
This finding is in agreemcnt with that reportcd by 
Fi�cher & Alsins (2). 

The psoralens readily penetrate the skin and 
rcach the blood stream (5). Trioxsalen is obviously 

rapidly transformed into non-photosensitizing 
moieties (7). thus rcducing thc possibility of unto­
ward side cffects. This concept is supported by the 
findings of Hannuk�ela & Karvonen (3) according 
to which thc skin areas which wcre not immcrsed in 
the triox�alen bath during proriasis therapy did not 
become photosensitive. 

Psoralens. administered topically or intra­
peritoneally, with ultraviolet radiation have been 
�hown to be potent carcinogens in laboratory ani­
mals ( 16). In some psoriatics treated orally with 
methox�alcn. there may be a rbk of cutaneous car­
cinoma ( 14). Until now no carcinomas have becn 
reponed following the use of trio.,salen and UV A in 
man. but a careful follow-up of the patients who 
underwent this treatmcnt is warranled. 

Fi,:. 2a. The hands ofa 52-year-old 
male with papular lichen planus be­
fore local photochemolherapy. 
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