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The effects of various vehicles, the occlusion time and the concentration of the test sub-
stances on the pholotoxic reactions were studied using the Finn Chamber method in pboto-
epicutaneous testing, with methoxsalen and coal tar as test substances. Petrolatum proved
to be a suitable base for methoxsalen and carbowax for coal tar. 'Hie optimal concentra-
tion of coal tar was .5 % and that of methoxalen 0.03-0.0.5 %. The optimal occlusion time
for methoxsalen was 1-2 hours and for coal tar 24 hours. It was concluded that in order
to obtain the most reliable results, these parameters should be determined separately for
every photosensitizing compound to be tested.
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There are many variables which influence
the results of the photoepicutaneous tests,
such as the vehicle, the occlusion time and
the concentration of the test suhstances.
Kaidbey & Kiigman (1974) appear to be the
only authors who have studied the influence
of various vehicles on the test results. The
recommended occlusion time for photoepi-
cutaneous testing with different photosensi-
tizers varies from "immediate" to 48 hours
(Bpstein 1972; Epstein 1964, 1966; Kligman
& Reinhard 1968; von Meffert 1974; Os-
mundsen 1969: Willis & Kligman 1969).
The correct concentrations of photosensi-
tizing substances vary according to the au-
thor too (Cripps & Enta 1970; Epstein
1964, 1966; Harber et al. 1968; Kligman &
Reinhard 1968: Stott et al. 1970; Willis &
Kligman 1969).

The aim of this work was to study these
parameters using coal tar and methoxsalen
as test substances.

Material and Methods

Methoxsalen and coal tar were used as
phototoxic test substances.

Five different vehicles were chosen for
comparison: hand cream^, foundation
eream^, petrolatum, wool fat, and carhowax
fUng. Macrogoli(DF) containing Macro-
golum 3000 40% and Macmgolum 400
60%). The concentrations of photosensi-
tizers in this part of the study (vehicles)
were as follows: methoxsalen 0.03% and
coal tar 5%. In (he second part oi' the
study, in which the influence of the occlu-
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sion time was investigated, the different oc-
clusion times were Vz h, 1 h, 2 h and 24 h.
The coneentrations of the test substanees
and the vehieies were the same as those
used in the lirst part of the study.

In the third part of the work the effect of
various concentrations of the icst substances
was studied using methoxsalen 0.0005 %,
0.001 %. 0.005%. 0.001 % and 0.05 Ĉ^ and
coal tar 0.1 %. 0.5 %, I %, 5 9f and 10 % in
petrolatum and carhowax. The occlusion
time for methoxsalen was 2 hours and for
coal tar 24 hours, chcr,en according to the
results of the second part of the study.

The Finn Chamber method was used for
epicutatieous testing (Pirila 1975, Suhonen
ct at. 1976). No filter papers were used in
the chambers in the present study. The
proper amount of test substance (20 jil) was
measured with a Mantoiix syringe. 1"he
dosage oC the test suhstanee was controlled
hy weighing 20 <^d doses of petrolatum. Tn
20 consecutive measurements the mean
weight of 20 |.L1 petrolatum was 17.2 mg,
with a range of 15.8-19.1 mg. In the first

part of the study the tests were made in
duplicate - one for irradiation and one for
dark eontrol. For the other parts of this
study the split-control method was used
(Suhonen et al. 1976).

After the chamhcrs were removed, the
skin was cleaned hy hcing pressed several
times with blotting paper. No chemicals
were used to remove remnants of test sub-
stances in order to avoid any nonspecific
irritation of the skin.

Immediately after the cleaning procedure
the skin was irradiated with an apparatus
consisting of six Philips TL 20W/08 black
light tubes. The irradiation time was 5 mln
at a distance of 5 m, giving a total dose of
approximately 170 mJ/ciii" UVA, with an
emission peak at 365 nm. During irradiation
the control area was covered with black
adhesive tape.

After irradiation the test area was cover-
ed with light-proof plastic carbon paper
fixed on the skin with porous adhesive tape
(Scanpor®, Norgesplaster A/S, Oslo). The
results were evaluated in all tests at 24, 48

Table I. Mean reaction Indices with 5 '/r coal tar in different vehicles. The occlusion time was 24
hours. The number of tests subjects was 48

Vehicle

hand cream
foundation cream
pet rot a mm
wool fat
car bo wax

test

1.0"
1.4
0.8
0.4
1.3

24

dark
control

0.2
0.2
0.1
0.1
O.I

Hours

test

0.8
1.3
0.7
0.3
l.i

after irradiation
48

dark
control

0.1
(t.l
O.f)
0.1
0.0

test

0.7
1.1
0.5
0.2
1.0

72

dark
control

O.t
().]
0.0
0.0
0.0

0 - no reaction
1 -=; erythema
2 =-- erythema with moderate oedema
3 :-erythema with beginning vesiculation
4 imiform bulla



220 SUHONEN

Table 2. The number of positive reactions with 5% coal tar in different vehicles. The occlusion
time was 24 hours. The number of test subjects was 48

Vehicle
test

36
44
27
17
41

24

dark
control

6
6
3
2
3

Hours

test

32
40
27
13
39

after irradtatton
48

dark
control

3
4
2
2
2

test

28
35
22
10
32

72

dark
control

3
2
2
2
2

hand cream
foundation cream
petrolatum
wool fat
carbowax

and 72 hours after irradiation using a 0-4
scale, where 0 means no reaction and 4 a
uniform bulla.

The subjects were volunteers, mostly der-
matologic patients without any suspicion of
abnormal sensitivity to light and without
any photosensitizing medication.

Results

1. Vehicles
Marked differences in the reactions were
found when using different vehicles. For
coa! tar phototesting, foundation cream and
carbowax were the most reliable vehicles

Table 3. Mean reaction indices with different occlusion times using methoxsalen 0.03 % as the test
substance

Vehicle
hours
after

irradiation

Occlusion time (h)

1 2 24
dark

control

hand cream

foundation cream

petrolatum

wool fat

carbowax

24
48
72
24
48
72
24
48
72
24
48
72
24
48
72

0.6*
1.5
l.y
0.7
1.6
2.0
0.5
1.1
1.5
0.1
0.2
0.2
0.0
0.0
0.0

0.9
1.8
2.2
0.9
1.9
2.3
0.8
1.7
2.1
o.i
0.5
0.7
0.0
0.0
0.1

0.7
1.9
2.4
0.7
i.9
2.3
0.8
1.9
2.3
0.1
0.4
0.5
0.1
0.0
0.0

0.4
1.4
1.6
0.4
1.0
1.4
0.1
0.4
0.8
0.1
0.2
0.6
0.1
0.1
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

" 0 = no reaction
1 -- erythema
2 erythema with moderate oedema
3 -̂  erythema with beginning vesiculation
4 --- uniform bulia

The number of test subjects was 30.
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Table 4. The number of positive reactions after different occlusion dnies using 0.03 % methoxsalen
as the test substance

Vehicle
hours
after

irradiiition

Occlusion time (h)

1 ' . , 24
dark

control

hand cream

foundation cream

petrolatum

wool fat

carbowax

24
48
72
24
48
72
24
48
72
24
4S
72
24
48
72

14
23
24
15
27
27
12
18
22
1
3
4
0
0
0

21
27
26
20
29
29
16
24
27
3
12
12
0
0
0

18
28
29
18
28
27
16
28
29
3
9
11
2
0
0

10
22
20
8
17
22
3
7
15
2
3
8
1
1
0

0
0
0
0
0
0
0
0
0
0
0
(1
0
0
0

The number of test subjects was 30.

Table 5. Mean reaction indices with 5 *7t coal tar after different occlusion times

Vehicle
hours
after

irradiation

Occlusion time (h)

24
dark

control

hand cream

foundation cream

petrolatum

wool fat

carbowax

24
48
72
24
48
72
24
48
72
24
48
72
24
48
72

0.0*
0.0
0.0
0.2
0.1
0.1
0,1
0.1
0.1
0.0
0.0
0,0
0.0
0,0
0.0

0,3
0,3
0.2
0.5
0,5
0,5
0.2
0.2
0.1
O.I
0.0
0.0
0.0
0.0
0.0

0.3
0,4
0.2
0.7
0,7
0.6
0,4
0,5
0.3
0.1
0.0
0.0
0.0
0.0
0.0

0,7
0.7
1.4
1.3
1.2
0,8
0,7
0.6
0.3
0.2
0.1
1.2
1.0
1.0

0,1
0,0
0,0
o.i
0.0
0.0
0.0
0.0
0,0
0,1
0.0
0.0
0.0
0.0

o.u
* 0 no reaction

1 = erythema
2 -" erythema with moderate oedema
3 -= erythema with beginning vesiciilation
4 - uniform bulla

The number of test subjects was 25.
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Table 6.

Vehicle

ihe number of positive reactions

hours
after

irradiation

with 5'

1/,

% coal tar after

Occlusion

1

• different

time (h)

2

occlusion

24

time

dark
control

hand cream

foundation cream

petrolatum

wool fat

carhowax

24
48
72
24
48
72
24
48
72
24
48
72
24
48
72

0
0
0
3
2
2
2
2
1
0
0
0
0
0
0

6
6
4

11
11
11
5
5
3
3
1
0
1
0
0

7
8
3

15
14
11
8

10
7
3
1
0
5
1
4

18
15
15
23
21
19
14
14
13

(i
4
3

20
20
17

3
]
1
3
1
1
1
1
I
2
1
1
i
1
1

The number of test subjects was 25.

and the restilts were nearly equal (Table 1).
The reactions with earbowax as the vchiele
were better demarealcd and tended to last
longer than those with foundation cream.
The reactions were strongest at 24 hours.
Hand eream and petrolatum gave satisfac-
tory results, but wool fat gave only weak
and inconsistent responses. The reactions in
non-irradiated test areas were few and weak
with all vehicles (Table 1). The number of
positive reactions with coal tar in founda-
tion cream was 44 out of 48 subjects tested
(92%) and that with carbowax 41 out of
48 (85%) (Table 2).

For methoxsalen the best vehicles were
found to be petrolatum, foundation cream
and hand cream, with insignificant differ-
ences in the results. Wool fat as the vehicle
was weak and carbowax still weaker. No
reactions were seen in the control areas
(Table 3). The number of positive reactions
was 29 out of 30 cases tested for both pet-
rolatum and foundation cream (Table 4).

2. Occlusion time
Tests with graded occlusion times showed

that occlusion for 2 hours was suitable for
methoxsalen (Tables 3, 4) and 24 hours for
coal tar (Tables 5, 6). The results were uni-
form with all vehicles.

3. Concenlration
As a whole, the reaction indices were greater
with increasing concentration (Tables 7, 9).
Coal tar (5 %) in carbowax was found to be
the optimal concentration. The increase of
the concentration to 10% did not increase
the number of positive reactions (Table 8).

Methoxsalen 0.05 %• failed to elicit a re-
action in only one of 30 cases. With lower
concentrations the incidence of positive re-
actions markedly deereased.

Discussion

In addition to the properties of the photo-
sensitizing substance itself, those of the
vehicle also play an important role in a
photosensitivity reaction. The final result
may depend, for example, on the chemical
and physical properties of the vehicle, its
water content, its ability to change the bar-
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Table 7. Mean reaction indices using coal tar in petrolatum and carhowax. at given concentrations

Concentration of
substances

petrolatum

carbowax

test

0.17'
0.5 %
1.0'/'.
5.0%

lO.OOi-

0.1 '>;
0 . 5 '/<••

1.0 '/r
5.0%

[0.0'/^

test

0.1
O.I
0.3
0.7
i.2

O.I
0.3
0.5
1.2
1.2

24

dark
control

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

Honrs after

48

test

0.0
O.I
0,1
0.7
1.0

0.0
0.1
0.3
1.1
1.3

irradiation

dark
control

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
D.O

test

0.1
0.0
o.i
0.5
0.7

0.0
O.I
11.2
O.S
1.1

72

dark
control

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
O.O

The number of test subjects was 30.
•̂ The occlusion time was 24 bours.

rier effect of the epidermis, its possible
interaction with fhe phofoscnsitiziiig com-
pound and, in some instaiiccs, ils own sensi-
tizing properties (Hannukseia cl al. (976).
This is why we are in principle against the
use ot vehicles containing emulsifiers for
photoepicutaneous testing.

This study shows fhat the results of photo-
epicutaneous tests are highly dependent on
the vehicle, but also on the occlusion time
and the concentration of the test substances.
With coal tar we obtained good results using
earbowax (polyethylenegiyeois 4(}0/31)()()) as
the vehicle with an occlusion time of 24

Table 8. Tbe number of positive reactions using coal tar in petrolatum and earbowax

Concentration of
substances

pelrulatum

earbowax

test

0.1 'A
0..5 '/r
1.0 %
5.0%:

10.0%

0.1 %
0.5 '/'r
1.0 %
5.0 %

10.0'A'

test

2
4
9

20
ir.
4

10
16
28
26

24

dark
control

1
i
1
1
1

1
1
0
1
0

Hours after

48

test

]

4
17
21

I
3
8

22
25

irradiation

dark
control

0
0
0
0
0

0
0
0
0
0

test

->

1
3

21
18

1
3
5

17
22

72

dark
eontrol

0
0
0
0
0

0
0
0
0
0

Tbe number of test subjects was 30.
Tbe occlusion time was 24 hours.
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Table 9. Mean reaction indices using methoxsalen in petrolatum and carbowax

Concentration of tesl

substances

0.0005 7r
0.001 %

petrolatum 0.005 %
0.01 '/r
0.05 %

0.0005 %
0.001 %

carbowax 0.005 %
0.01 %
0.05 %

test

0.0*
0.0
0.1
0.4
0.5

0.0
0.0
0.0
0.0
0.0

24

dark
control

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

Hours after

4f

test

0.0
0.2
0.5
1.0
3.4

0.0
0.0
0.0
0.0
0.1

irradiation

dark
control

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

test

0.1
0.2
0.7
1.1
1.9

0.0
0.0
0.0
0.0
0.1

72

dark
control

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

•' 0 -no reaction
1 ~ erythema
2 — erythema with moderate oedema
3 -= erythema with beginning vesiculation
4 = uniform bulla

The number of test subjects was 30.
Tlie occlusion lime was 2 hours.

Table 10. The number of positive reactions using methoxsalen in petrolatum and carbowax in dif-
ferenl concentrations

Concentration of test

substances

0.0005 %
0.001 %

petrolatum 0.005 %
0.01 '7r
0.05 %

0.0005 9'r
0.001 %

carbowax 0.005 %
0.01 %
0.05 %

tesl

0
0
4

10
13

0
0
0
0
0

24

dark
control

0
0
0
0
0

0
0
0
0
0

Hours after

4f

test

0
6

13
22
27

0
0
0
0
3

irradiation

dark
control

0
0
0
0
0

0
0
0
0
0

test

3
7

17
23
29

0
0
0
0
3

72

dark
control

0
0
0
0
0

0
0
0
0
0

The number of test subjects was 30.
The occlusion time was 2 hours.
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hours. However, if the occlusion time was
limited to 2 hours, the reactions were rather
weak and inconsistent. On the other hand,
coal tar in foundation eream and hand
cream sbowed earlier responses.

In contrast to coal tar, methoxsaSen in
carbowax did not .show phototoxicity at a)],
regardless of the occlusion time and the
concentration of methoxsalen. Hand eream,
foundation cream and petrolatum were good
vehicles for methoxsalen in respect of botb
the strength and reproducihility of the re-
actions. With these vehicles the importance
of proper concentrations of test substances
was obvious: some subjects elicited strong,
even hullous reactions in higher test eon-
ccnlratlons. On (he other hand, a lowering
of the concentration tended to make the re-
actions weaker and inconsistent (Tables 9.
10). We believe that tbe differences between
tbe phototest results to methoxsalen and
coal tar principally depend on:

1. Tbe different times of exposure for meih-
oxsalen and coal tar before irradiation. Coal
tar has more time to accumulate in the epi-
dermis than methoxsalen, 24 hours as op-
posed to 2 hours. Tbe well-known faet that
methoxsalen loses its phototoxicity with
longer occlusion times makes the use of a
longer application time impossible. This is
probably due to the rapid metabolism of
methoxsalen (Pathak et a!. 1974).

2. Tbe solubility of the active substanee in
the vehicles. Metboxsalen did not show re-
actions when incorporated in carbowax, in
wbich methoxsalen is soluhle. However, the
reactions were strong using, for example,
foundation cream, whieh in addition to
carbowax contains 38'if water, in which
methoxsaien is practically insoluble. Studies
to explain this phenomenon are in progress.

This work provides insigbt for further
studies of the pbysico-cbemieal features of
tbe vehicles, which play a role in tbe libe-

ration of active substanees from the base.
In addition to photoepicutaneous testing,
the information thus obtained might find
applications in epieutaneous testing in gene-
ral and in planning preparations for topical
treatment.
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