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In spite of their intrinsic anti-inflammatory properties, corticosteroids can induce contact allergy.
When studying the allergenic properties of corticosteroids it has to be considered that both the
allergenic and anti-inflammatory effect may influence the induction phase as well as the elicitation
phase and that such effects may be dose-dependent. A multiple dose guinea pig maximization test
(GPMT) was therefore used to study the dose-response relationship of tixocortol pivalate. The
GPMT was conducted according to OECD guideline #4006, using a multiple-dose design and test
results were analysed with logistic regression analysis. There was a significant tixocortol pivalate
sensitization of the test animals compared to the control group (p<<0.05), after both challenge and
re-challenge. The challenge with 1% tixocortol pivalate gave more positive reactions than the chal-
lenge with 3%. The highest frequency of positive animals was observed when the animals were
treated with low to intermediate induction concentrations and intermediate to high challenge con-
centrations with tixocortol pivalate in the TRUE Test™. Cross-reactivity was found between tix-
ocortol pivalate and hydrocortisone, which was expected from their close molecular resemblance,
whereas no cross-reactivity was seen between tixocortol pivalate and the 3 other corticosteroids:

amcinonide, budesonide, and hydrocortisone-17-butyrate.
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In recent years, it has become evident that cortico-
steroids, in addition to having intrinsic anti-in-
flammatory properties, also can induce contact al-
lergy (1). 3 multi-center studies from 1995, 1996,
and 2000 found an overall cortocosteroid sensitiza-
tion frequency in consecutive eczema patients
ranging from 2.0-2.6% (2-4). However, sensitiza-
tion and elicitation with a corticosteroid is influ-
enced by its anti-inflammatory effect (5). The im-
munological activation and/or suppression may
depend on the corticosteroid concentration. It is
therefore of interest to evaluate the influence of in-
duction and challenge concentration on the sensit-
ization frequency.

It has been recognized that most patients react
to several different corticosteroids caused by either
concomitant sensitization or cross-reactivity. Dis-
tinguishing between cross-reactivity and concomi-
tant sensitization may be difficult in patients, be-
cause they are often exposed to many cortico-
steroids in different amounts and in different
concentrations.

The guinea pig maximization test (GPMT) with
a multiple dose-design was used to study the sens-
itizing potential of tixocortol pivalate. Challenge
was performed with tixocortol pivalate in Finn
Chambers®. Simultaneously, challenge was per-
formed in multiple doses with the TRUE Test™.

A 2nd study was performed where the optimal
sensitizing concentration of tixocortol pivalate,
from the 1st study, was used to study the cross-
reactivity between tixocortol pivalate and 4 other
corticosteroids: amcinonide, budesonide, hydro-
cortisone, and hydrocortisone-17-butyrate.

Material and Methods
Chemicals

Freunds complete adjuvant (FCA) (Statens
Serums Institute, Copenhagen, Denmark) and pro-
pylene glycol (Merck, Germany) were used as ve-
hicle for intradermal induction, and petrolatum
was used as vehicle for topical induction and chal-
lenge. Tixocortol pivalate (Chemotechnique Dia-
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gnostics, Sweden) and Tixocortol pivalate in the
TRUE Test™ (Pharmacia and Upjohn, Hillered,
Denmark). Hydrocortisone, amcinonide, budeson-
ide, and hydrocortisone-17-butyrate (Lab. de
Dermatochimie, Strasbourg) were used for induc-
tion and/or challenge.

Test design

2 series of experiments were performed, as shown
in Table 1.

The aim of the Ist series was to study the aller-
genic potential of tixocortol pivalate. The GPMT
procedure was modified with a multiple induction
design (6): 30 animals were divided into 1 control
group and 5 test groups of 5 animals. Tixocortol
pivalate was used for challenge either in Finn
Chambers®or in the TRUE Test™. Rechallenge
was performed on day (D) 35 with tixocortol pival-
ate in Finn Chambers®.

The aim of series 2 was to study the cross-reac-
tivity between tixcortol pivalate-sensitized animals
and 1 of the following corticosteroids: hydrocorti-
sone, amcinonide, budesonide, or hydrocortisone-
17-butyrate. 60 animals were assigned into 4 test
groups of 10 animals and 4 control groups of 5
animals. The intradermal and topical induction
concentration sensitizing all animals were chosen
from the 1st series. Each test group and 1 control
group was challenged with tixocortol pivalate and
1 of the corticosteroids: hydrocortisone, amcinoni-
de, budesonide, and hydrocortisone-17-butyrate.

Guinea pig maximization test (GPMT)

The guinea pig maximisation test (GPMT) was
performed according to the original description

Table 1. Test design for series 1 and 2

(7), but sodium lauryl sulfate (SLS) pretreatment
was omitted.

Animals

Outbred albino female guinea pigs (Dunkin-Hart-
ley, Sahlins, Malme, Sweden), weighing between
300 to 400 g on receipt, were housed in groups of 2
or 3 in plastic cages at the Biomedical Laboratory,
Odense University, Denmark. The animals were
kept on a 12-h photoperiod at a room temperature
of 21°£3° and a relative humidity of 55%=*15,
with food and water available ad libitum (standard
guinea pig pellets, Altromin®, 3123, Chr. Petersen
A/S, 4100 Ringsted, Denmark). Beech wood chips
were used as bedding (Glamsbjerg Treindustri A/
S, Glamsbjerg, Denmark). The animals were ran-
domly assigned to control and test groups, ear
marked with baby simplex ear tags (Chevillot®,
Paris, France) and allowed adaptation for 1 week
before use. The skin areas used for treatment were
clipped and shaved with an electric razor prior to
each treatment. All animals were weighed before
each test procedure.

Dose finding. The concentration range for induc-
tion and challenge was determined from 2 pilot
studies, 1 for each series, utilizing FCA-treated na-
ive guinea pigs.

For the 1st series, 12 animals where divided into
3 groups of 4 animals. 2 weeks after FCA injec-
tions, each group of animals were treated with a
range of tixocortol pivalate concentrations intra-
dermally or topically with a closed patch or TRUE
Test™ to the flank of the animal. Readings were
performed after 3 and 24 h. The highest concen-
trations tolerated systemically and not producing
skin necrosis were selected for induction. The

Tixocortol pivalate

induction challenge
Id top Finn TRUE
Series No. animals (%) (%) (uglem?) Cross-challenge (%)
1 5% control 1 and 3 0.023 to 50
5 0.01 0.1 1 and 3 0.023 to 50
5 0.1 1 1 and 3 0.023 to 50
5 0.3 3 1 and 3 0.023 to 50
5 1 10 1 and 3 0.023 to 50
5 10 30 1 and 3 0.023 to 50
2 10+5*% 0.1 1 1 Hy (0.96 and 0.096)
10+5*% 0.1 1 1 Am (1.33 and 0.133)
10+5*% 0.1 1 1 Bu (1.14 and 0.114)
10+5% 0.1 1 1 Hyl7 (1.14 and 0.114)

* control animals.

Hy (Hydrocortisone), Am (amcinonide), Bu (budesonide), and Hy17 (hydrocortisone-17-butyrate).

Finn: Finn Chambers®.
TRUE: TRUE Test™.
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Table 2. Induction with tixocortol pivalate in a multiple dose
GPMT. 72 h challenge and re-challenge results of tixocortol
pivalate in Finn Chambers®

Challenge (D21)

Induction conc. (%) Re-challenge (D35)

1d. tOp 1% 3% 1%
Control 0/5 0/5 0/5

0.01 0.1 515 0/5 3/4
0.1 1 515 3/5 4/4
0.3 3 515 3/5 4/5
1 10 515 2/5 2/4
10 30 2/5 1/5 0/5

highest non-irritating concentration and 1 lower
concentration were chosen for challenge with the
Finn Chambers® and the non-irritating concen-
trations with the TRUE Test™.

For the 2nd series, tixocortol pivalate at 1% was
chosen for challenge. The other corticosteroids
were tested for skin irritancy: hydrocortisone, am-
cinonide, budesonide, and hydrocortisone-17-bu-
tyrate in a concentration equimolar to 1% of tix-
ocortol pivalate and in a concentration 1/10 of the
equimolar concentration. 12 animals were divided
into 4 groups of 3 animals and each group treated
topically with 1 of the corticosteroids. Both con-
centrations were used for challenge if they were
non-irritating.

Induction. For intradermal induction, 3 pairs of
0.1 ml injections were given in 2 rows in the nuchal
area of each guinea pig. Glass syringes with luer
lock G23 needles were used for intradermal injec-
tions.

For topical induction, a 2X4 cm filter paper was
applied (Whatmann no. 3MM) covered with a
layer of petrolatum preparation. Leucoflex® (Be-
iersdorf AG, Hamburg, FRG) was used to ensure
occlusion and secured by Acrylastic®(Beiersdorf
AG, Hamburg, FRG). Concentrations used for in-
duction in series 1 are shown in Table 1 and for
series 2 a tixocortol pivalate concentration of 0.1%
intradermally and 1% topically were chosen.

Challenge. Patches were placed on the flank using
the TRUE Test™ and small Finn Chambers®8 mm
(Epitest Ltd., Helsinki, Finland) on Scanpor®(Nor-
gesplaster A/S, Oslo, Norway) filled with petrol-
atum preparations. The patches were secured with
Acrylastic®and Leucoflex®. Concentrations used
for challenge are shown in Table 2.

Patch test reading. The challenge and rechal-
lenge reactions were read blindly at D2 and D3
using the grading scale (7). Reactions graded ++
and +++ were regarded as positive (8).

Statistical method

Logistic regression analysis was used for analysis
of the dose-response data. If there are no positive

responses in the control group the standard logistic
dose-response model is used, log(p(x)/(1-p(x)))=a
+ blog(x), giving the relationship between the
probability p(x) and the dose x, where « is the in-
tercept and b is the slope of the linear logistic re-
lationship. The fit of the model is tested by means
of a y? test with n—p degrees of freedom, where n
is the number of dosed groups and p is the number
of parameters in the model. The significance of the
dose-response relationship is tested by means of a
7? test with p—1 degrees of freedom. A PC-pro-
gramme designed for analysis of multiple dose-re-
sponse data version 1.0, copyright STSC Inc. and
the Danish Environmental Protection Agency de-
veloped by Aage Velund was used (9). A general-
ization of the Fisher exact test of the same re-
sponse rate in all groups was carried out by means
of the program StatExact® (Cytel Soft Ware Cor-
poration, Cambridge, MA, USA) (9).

Results

Table 2 shows the tixocortol pivalate challenge and
rechallenge results after induction with a multiple
dose design. All control animals were negative.
There was a significant sensitization of the test ani-
mals compared to the control group (p<<0.05),
after both challenge and re-challenge. After chal-
lenge with 1% tixocortol pivalate all test animals
were positive, apart from the highest induction
group where only 2/5 animals were sensitized. The
challenge with 1% tixocortol pivalate gave more
positive reactions than the challenge with 3%.

Fig. 1 and Table 3 show the challenge results

Response rate

Fig. 1. The 3-dimensional dose response curve for tixocortol
pivalate in the GPMT. TRUE Test™ was used for challenge
and the responses were read after 72 h. @ is the observed re-
sponse and — is the non-monotone logistic curve fit.
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Table 3. Induction with tixocortol pivalate in a multiple dose GPMT. D3 challenge results with tixocortol pivalate in the TRUE
Test™; the maximum sensitization frequency is observed in the highlighted area

Induction (%)

Challenge (TRUE Test™) ug/cm?

Id. Top. 0.21 0.62 1.9 5.6 17 50
Controls neg. neg. neg. neg. neg. neg.
0.01 0.1 neg. neg. neg. 4/5 515 515
0.1 1 neg. 1/5 1/4 314 415 315
0.3 3 neg. 1/5 2/4 3/4 415 315
1 10 neg. neg. 1/5 2/5 2/5 415
10 30 neg. neg. neg. neg. neg. neg.

Table 4. Test reactions after challenge (D3) with tixocortol pivalate and hydrocortisone, budesonide, amcinonide, or hydrocortisone -

17-butyrate in guinea pigs sensitized to tixocortol pivalate

Tixocortol pivalate

Challenge No. positive

Corticosteroid concentration (%) animals test control

hydrocortisone 0.96 1/9 9/9 0/5
0.096 519

amcinonide 1.33 1/9 9/9 0/5
0.133 2/9

budesonide 1.14 0/8 8/8 0/5
0.114 1/8

hydrocortisone-17-butyrate 1.14 0/10 10/10 0/5
0.114 0/10

with tixocortol pivalate in the TRUE Test™ after
D3. All control animals were negative. The chal-
lenge results with 0.023 and 0.069 ug/cm? were
negative and not shown in the table. The combi-
nation of low to intermediate induction concen-
trations and intermediate challenge concentrations
gave the highest frequency of positive animals, as
shown by the highlighted area in Table 3.

Cross-reaction results between tixocortol pival-
ate-sensitized animals and hydrocortisone, amci-
nonide, budesonide, and hydrocortisone-17-butyr-
ate are shown in Table 4. 4 animals were sacrificed
prior to the challenge procedure due to irritation
at the site of FCA injections. All test animals were
sensitized to tixocortol pivalate and all control ani-
mals were negative. A significant number of ani-
mals (5/9) were positive to hydrocortisone and tix-
ocortol pivalate (p<<0.05). However, the highest
sensitization frequency was seen with the lowest
hydrocortisone concentration. 2 animals also re-
acted to amcinonide and 1 to budesonide, which
was not significant. No animals reacted to hydro-
cortisone-17-butyrate.

Discussion

The value of using a dose-response design in the
GPMT has been demonstrated for a number of
contact allergens. It provides the possibility of esti-
mating the threshold concentration (the lowest
concentration sensitizing) and the concentration
giving the maximal sensitization frequency (6).

Furthermore, the reproducibility of the GPMT is
increased. A dose-response design may be even
more relevant for studying allergenicity of cortico-
steroids, because the allergenic and anti-inflam-
matory properties are dose dependent.

The sensitizing capacity of tixocortol pivalate in
the GPMT was high, with a threshold below 0.01%
intradermally. After Finn Chamber® challenge all
test animals were positive, apart from the highest
induction group given 10% intradermally and 30%
topically, where 2/5 animals were positive. A
slightly decreased sensitization frequency was
found after rechallenge. This is in agreement with
previous findings, where a high frequency of sensit-
ization to tixocortol pivalate was demonstrated
(10,11). Bruze and coworkers (10) obtained 20/24
positive animals in the standard GPMT with tix-
ocortol pivalate, using an induction concentration
of 1% intradermally and 5% topically. However,
only 5/24 were positive after rechallenge. This may
be explained by the anti-inflammatory effect of a
booster injection with tixocortol pivalate given be-
tween challenge and rechallenge.

In this study, we did not establish the threshold
concentration for sensitization because even the
lowest induction concentration, 0.01% intrader-
mally and 0.1% topically, sensitized all animals.
The influence of challenge concentration on the
sensitization rate was seen with the Finn
Chambers® and to an even greater extent with the
larger number of patches in the TRUE test™" Fig.
1 shows that, for tixocortol pivalate, the influence
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of both the sensitizing and anti-inflammatory ef-
fect is dose dependent. The influence of concen-
tration on elicitation has also been demonstrated
for budesonide in humans, where lower concen-
trations detected sensitization better, especially at
early readings(12).

In the 2nd study, all animals in the 4 test groups
were sensitized to tixocortol pivalate. Cross-reac-
tivity was seen between tixocortol pivalate and
hydrocortisone but not amcinonide, budesonide,
or hydrocortisone-17-butyrate. This is in agree-
ment with the suggested cross-reaction pattern
within molecular groups, where group-specific
characteristics of volume and shape have been
found. Tixocortol pivalate and hydrocortisone are
in group A, while amcinonide and budesonide,
with their acetal function, are placed in group B,
and hydrocortisone-17-butyrate, with its ester
function, in group D. Bruze and coworkers (10)
did not find cross-reactivity between tixocortol-
sensitized animals and hydrocortisone, mometa-
sone furoate, budesonide, prednisolone, or triamci-
nolone acetonide (10). However, only the 5/24 ani-
mals positive to tixocortol pivalate after rechal-
lenge could be evaluated for cross-reactivity. In
conclusion, tixocortol pivalate is a strong sensitizer
in the GPMT and the sensitization frequency and
the ability to elicit the response is dose dependent.

Rechallenge results support tixocortol pivalate
sensitization being truly allergic in nature. The re-
sults support testing with a dose-response proto-
col. The use of a multiple dose protocol may re-
duce some of the difficulties in testing chemicals
with both antiinflammatory and sensitizing prop-
erties. Cross-reactivity was obtained between the
2 group-A corticosteroids tixocortol pivalate and
hydrocortisone, as expected from epidemiological
studies and group-specific electronic volumes of
the molecules. The much lower response to amci-
nonide and budesonide is not statistically signifi-
cant but does not exclude the possibility of cross-
reactivity to these compounds. However, applying
even lower induction concentrations would provide
more information on the dose-response relation-
ship for sensitization and the possibility of estimat-
ing the threshold concentration.

Acknowledgements

The staff at the Biomedical Laboratory, Odense
University, provided expert animal care and tech-
nical assistance. The study was funded by Gerda
and Aage Haench’s Fond, and the Institute of
Clinical Research, Odense University.

References

1. Wilkinson S M Hypersensitivity to topical corticosteroids.
Clin Exp Dermatol 1994: 19: 1-11.

2. Dooms Goossens A, Andersen K E, Brandao F M, Bruyn-
zeel D et al. Corticosteroid contact allergy: an EECDRG
multicentre study. Contact Dermatitis. 1996: 35: 40-44.

3. Bircher A, Thiirlimann W, Hunziker T. Contact hypersensi-
tivety to corticosteroids in routine patch test patients. A
multicenter study of the swiss contact dermatitis research
group. Dermatology 1995: 191: 109-114.

4. Isaksson M, Andersen K E, Brandio F M et al. Patch
testing with corticosteroid mixes in Europe. A multicentre
study of the ECDRG. Contact Dermatitis 2000: 42: 27-35.

5. Dooms-Goossens A, Verschave H, Degreef H, Van Be-
rendoncks J. Contact allergy to hydrocortisone and tix-
ocortol pivalate. Contact Dermatitis 1989: 14: 94-102.

6. Andersen K E, Volund A, Frankild S. The guinea pig max-
imization test-with a multiple dose design. Acta Derm
Venereol 1995: 75: 463-469.

7. Magnusson B, Kligman A M. Allergic contact dermatitis in
the guinea pig. Springfield: C. C. Thomas, 1970 Publisher
55-56.

8. Andersen K E, Frankild S, Wahlberg J E, Boman A. Non-
specific hyperreactivity related to the use of Freund’s com-
plete adjuvant. Contact Dermatitis 1996: 34. 127.

9. Velund A. Potency evaluation of contact allergens. Statisti-
cal part. Nordiska Seminar og Arbejdsrapporter 1993: 570.

10. Bruze M, Bjorkner B, Dooms Goossens A. Sensitization
studies with mometasone furoate, tixocortol pivalate, and
budesonide in the guinea pig. Contact Dermatitis 1996: 34
161-164.

11. Hausen B M, Foussereau J. The sensitizing capacity of tix-
ocortol pivalate. Contact Dermatitis 1988: 18: 63-64.

12. Isaksson M, Bruze M, Goossens A, Lepoittevin J P. Patch
testing with budesonide in serial dilutions: the significance
of dose, occlusion time and reading time. Contact Derma-
titis 1999: 40 24-31.

Address:

Soren Frankild

Department of Dermatology
University Hospital

Odense



