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Summary

Background. An allergic contactreaction is accompanied by high oxidative stress in the
skin. Pretreatment of the skin with antioxidative substances could reduce the elicitation
reaction.

Objectives. To investigate, in a proof-of-principle study, whether pretreatment of
the skin with the antioxidant ascorbic acid reduces the elicitation reaction to a
p-phenylenediamine (PPD)-containing hair dye in sensitized subjects.

Methods. Twelve subjects with contact allergy to PPD, a documented skin reaction to
a hair dye simulation exposure model and a history of hair dye-related skin complaints
were included in this study. Skin areas on the forearms were, in a left versus right design,
exposed to an emulsion with ascorbic acid and an emulsion without ascorbic acid, and
then to a 2% PPD-containing hair dye testing formulation. In addition, control areas
were exposed to the emulsions and to the PPD-containing hair dye formulation without
pretreatment. Skin reactions were graded on day (D)2 and D3.

Results. Pretreatment with ascorbic acid emulsion resulted in a reduction in the elicita-
tion reaction in 7 of 12 subjects at D3 (p=0.046). No statistically significant difference
was observed at D2.

Conclusions. Pretreatment of the skin with the antioxidant ascorbic acid had an atten-
uating effect on the elicitation reaction to PPD in sensitized individuals.

Key words: antioxidant; ascorbic acid; contact allergy; hair dye; p-phenylenediamine;
CAS no. 106-50-3.

For years, it has been suggested that reactive oxygen
species (ROS) play an important role in the stimulation
and maintenance of both irritant and allergic contact

Correspondence: PJ. Coenraads, Department of Dermatology, University
Medical Center Groningen, University of Groningen, Hanzeplein 1, 9700 RB
Groningen, The Netherlands. E-mail: p.j.coenraads@umcg.nl

"Both authors contributed equally.

Conflicts of interest: The authors declare no conflict of interests.

Funding: Financial support for the patients’ travel costs was received from the
charity foundation Environmental and Occupational Dermatology (SMAD),
The Netherlands. Procter & Gamble supplied the test solutions free of charge.
There were no other sources of external funding.

Accepted for publication 8 December 2015

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis

dermatitis (1, 2). As a result of exposure of the skin to
different irritants and allergens, ROS are upregulated
and can disrupt the epidermal barrier (3, 4). ROS can
activate several cellular signalling pathways, cause the
secretion of various cytokines, and upregulate cellular
surface molecules (5-7).

In order to limit damage to the tissue, ROS can be
scavenged not only by antioxidative enzymes, such as
certain glutathione-S-transferases, but also by many
non-enzymatic antioxidants, such as water-soluble
ascorbic acid (vitamin C) and lipid-soluble a-tocopherol
(vitamin E) (8). Both non-enzymatic antioxidants
belong to the group of chain-breaking antioxidants,
which scavenge radicals by the termination of free
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radical reactions and prevention of chain propagation
reactions. Moreover, they are well known for their
immunomodulatory properties. The effect of antioxi-
dants on the production of ROS after exposure to the
contact allergens 2,4,6-trinitrobenzene sulfonic acid,
1-fluoro-2,4-dinitrobenzene and 4-ethomymethylene-2-
phenyloxazol-5-one has been studied in mice and cul-
tured mice keratinocytes (2). Ascorbic acid contributes to
the thickening and improvement of the epidermal barrier
in an in vitro skin model, and to the reduction of cellular
damage caused by oxidative stress in human dermal
fibroblasts (9, 10).

The aim of this study was to investigate whether
pretreatment of the skin with the antioxidant ascorbic
acid reduces the elicitation of a contact allergic reac-
tion. It was prompted by the findings in persons allergic
to the hair dye component p-phenylenediamine (PPD,
1,4-diaminobenzene, CAS no. 106-50-3), in whom this
pretreatment appeared to have an attenuating effect on
a patch test with PPD or a PPD-containing hair dye (D A
Basketter et al., unpublished data on file). For this study,
we chose a group of subjects who were well characterized
with respect to their contact allergic reaction to PPD
(history and patch test) and to PPD-containing hair dye
in a hair-dyeing simulation model (11).

Methods

This study was conducted from April 2014 to July 2014.
The study was approved by the Medical Ethical Committee
of the University Medical Centre Groningen.

Subjects

The subjects for this study were recruited from a panel
that had been well-characterized with respect to their
hair dye contact allergy (11). Of this original cohort, 12
subjects were available for this study. In brief, all subjects
had a relevant PPD contact allergy, that is, a positive
patch test reaction to PPD in combination with a positive
history of skin complaints after hair dye use. They also
had a positive reaction to a 30-min application of a 2%
PPD-containing hair dye formulation on the forearms,
mimicking a hair-dyeing procedure (11).

Test materials and procedure

The following test materials, provided by the Procter &
Gamble Company, were used in the present study:

(1) Blank hair dye formulation (Koleston Perfect Basic
Chassis®); a hair dye cream without PPD and cou-
plers.

(2) Colour hair dye formulation (Koleston Perfect®); a
hair dye cream containing 4% PPD and the cou-
plers 1.9% 2-methyl-5-hydroxyethylaminophenol
and 3.6% 2-methylresorcinol. The couplers were
selected on the basis of their negligible sensitization
potency (11-13).

(3) Emulsion (Magic Off Liquid®), containing aq., cit-
ric acid, ketoglutaric acid, PEG-12 dimethicone,
sodium hydroxide, PEG-35 castor oil, sodium for-
mate, and parfum.

(4) Powder containing ascorbic acid (Magic Off
Powder®), containing ascorbic acid (vitamin
C), cysteine, methyl hydroxyethyl cellulose, and
magnesium sulfate.

(5) Powder without ascorbic acid (Magic Off Powder®
without ascorbic acid), containing cysteine,
methyl hydroxyethyl cellulose, and magnesium
sulfate.

Blank and colour hair dye formulation were mixed
in a 1:1 ratio with hydrogen peroxide [6% (wt/wt)
Welloxon] before application, resulting in a PPD-free and
a PPD-containing hair dye cream, respectively.

The emulsion (# 3) was mixed with either 9.5 g of pow-
der with ascorbic acid or 9.5 g of powder without ascorbic
acid to create ‘antioxidant emulsion’ or ‘antioxidant-free
emulsion’, respectively.

The emulsions with or without ascorbic acid (0.3 ml)
were applied in an open test to both forearms on six differ-
ent 3.8-cm? test areas on both forearms. Hair dye cream
(0.1 ml) with either no PPD or 2% PPD was applied to a
0.79-cm? area in the centre of these areas. In addition, on
two 0.79-cm? areas, a hair dye cream containing 2% PPD
and a hair dye cream without PPD, without pretreatment
with the emulsion, were applied (Fig. 1):

A: PPD-free hair dye cream for 30 min

e B: PPD-containing hair dye cream for 30 min

C: Antioxidant emulsion for 10 min followed by
PPD-free hair dye cream for 30 min

D: Antioxidant emulsion for 10min followed by
PPD-containing hair dye cream for 30 min

E: Antioxidant-free emulsion for 10 min followed by
PPD-free hair dye cream for 30 min

F: Antioxidant-free emulsion for 10 min followed by
PPD-containing hair dye cream for 30 min

e G: Antioxidant emulsion for 40 min

e H: Antioxidant-free emulsion for 40 min

Readings were performed on day(D)2 and D3, according
to ICDRG criteria.

The primary comparison was made between the
reaction on the skin area pretreated with an emulsion
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Fig. 1. Test setting. On the left arm from proximal to distal: A,
p-phenylenediamine (PPD)-free hair dye cream for 30 min; B,
PPD-containing hair dye cream for 30 min; C, antioxidant emulsion
for 10 min followed by PPD-free hair dye cream for 30 min; D,
antioxidant emulsion for 10 min followed by PPD-containing hair
dye cream for 30 min. On the right arm from proximal to distal: E,
antioxidant-free emulsion for 10 min followed by PPD-free hair dye
cream for 30 min; F, antioxidant-free emulsion for 10 min followed
by PPD-containing hair dye cream for 30 min; G, antioxidant
emulsion for 40 min; H, antioxidant-free emulsion for 40 min.

containing ascorbic acid (area D) and the reaction on
the skin area pretreated with an ascorbic acid-free emul-
sion (area F) at D3. The remaining areas were used as
control areas to discern allergic or irritant reactions to
ingredients of the antioxidant emulsion, antioxidant-free
emulsion, and combinations.

Data analysis and statistics

Data were analysed with IBM™ SPSS™ STATISTICS version 22
for Windows. Testing for differences between patch test
grading of the different areas at D2 and D3 was performed
with the non-parametric Wilcoxon signed-rank test. Out-
comes with a p-value of <0.05 were considered to be sta-
tistically significant differences.

Results

The results are summarized in Table 1. A total of 12 sub-
jects participated in the study (2 males; 10 females; age
18-68 years). Atopic symptoms were reported in 6 sub-
jects, 1 of whom had a history of atopic dermatitis. None
of them reported current symptoms of atopic dermatitis.

Two subjects reported hairdressing as their
occupation.

Original patch test reactions (Table 1, column 2) were
weakly positive (n=4), strongly positive (n=7), and
extremely strongly (n=1) positive. Column 3 (Table 1)
shows the results of hair dye use condition testing in
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the past, that is, reactions of test subjects to a 30-min
application of a PPD-containing hair dye formulation on
the forearms > 5 years ago (11).

None of the subjects presented with any reactions on
the control areas A, C, E, G, and H.

Pretreatment with ascorbic acid

Elicitation reactions on the areas that were pretreated
with the ascorbic acid emulsion are shown in columns 6
(D2)and 9 (D3) of Table 1. A comparison of columns 5 and
8 (pretreatment with an emulsion without ascorbic acid)
shows that ascorbic acid reduced the grade of the elicita-
tion reaction to the PPD-containing hair dye product in 7
of 12 subjects on D3 (an impression of the reduced grade
is shown in Fig. 2), which is a statistically significantly dif-
ference (p=0.046). Also on D2, 3 of 12 subjects showed
a reduced reaction (p=0.41). Two of these subjects had
reduced reactions on both day (D)2 and D3. On D2, an
increase in the reaction was seen in 2 subjects, followed
by a reduction in the reaction on D3.

Discussion

The aim of this pilot study was to investigate whether
pretreatment of the skin with the antioxidant ascorbic
acid could reduce the elicitation reaction to PPD in aller-
gic subjects. We chose this contact allergen as a model
because a well-characterized panel of subjects was avail-
able to us. For this study under hair-dyeing conditions, it
was essential that all subjects had, on a previous occasion,
shown a positive skin reaction to a PPD-containing hair
dye under a hair dye-mimicking exposure. It is remark-
able to note that the grades of the current reactions to a
hair dye simulation exposure (Table 1, columns 4 and 7)
are similar to those after a similar exposure in the previ-
ous study a few years ago (Table 1, column 3). This shows
that the immune status is maintained over time without
boosting (14).

The main finding of this study was the reduced elic-
itation reaction to a PPD-containing hair dye when the
skin was pretreated with the antioxidant ascorbic acid
as compared with pretreatment with the vehicle alone
(p=0.046) when the reaction was examined according to
the conventional ICDRG criteria. As the number of indi-
viduals included in this study is low, and the effect of the
antioxidant is not large, we consider that, in a similar
study to the present one, a more expanded reading pro-
tocol should be used. This protocol should also focus on
the size of the erythematous area, the number of papules,
and the number of vesicles. We suggest a protocol similar
to that used in the repeated open application test (15).
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Table 1. Results of the open-use test at day (D)2 and D3

1 2 3 4 5 6 7 8 9
D2 D3
Subject number  Original patch test ~ Previous use test® PPDh ~ AOX-free+PPDh ~ AOX+PPDh ~ PPDh  AOX-free +PPDh  AOX+ PPDh
1 +++ +++ +++ +++ +++ +++ +++ +++
2 ++ ++ ++ ++ +++ +++ +++ ++
3 ++ +++ +++ ++ ++ +++ ++ ++
4 + ++ ++ ++ +++ +++ +++ ++
5 + ++ ++ +++ ++ +++ ++ ++
6 ++ +++ ++ +++ ++ +++ ++ ++
7 ++ N/A + ++ ++ ++ ++ ++
8 + + + ++ ++ + ++ ++
9 ++ + ++ ++ + ++ ++ +
10 ++ N/A ++ + + ++ + +
1" ++ ++ ++ ++ ++ + + +
12 + +++ + ++ + + ++ +

Pretreatment with an ascorbic acid-containing emulsion resulted in a reduction in the elicitation reaction to a hair dye product containing 2%
p-phenylenediamine (PPD) as compared with pretreatment with emulsion without ascorbic acid, at D3 (Wilcoxon signed-rank test, p=0.046).
At D2, no difference was seen between the strengths of the reaction in the areas pretreated with the ascorbic acid-containing emulsion and
the areas pretreated with the emulsion without ascorbic acid (Wilcoxon signed-rank test, p=0.41). PPDh: reaction on open use test with hair
dye cream containing 2% PPD. AOX-free + PPDh: reaction on open use test with emulsion without ascorbic acid, followed by exposure to hair
dye cream containing 2% PPD. AOX+ PPDh: reaction on open use test with pretreatment with antioxidant emulsion containing ascorbic acid,
followed by exposure to hair dye cream containing 2% PPD. N/A: not applicable.

4Hair dye use test: positive reaction to a 30-min application of a 2% PPD-containing hair dye formulation on the forearms.

Fig. 2. An impression of the reduced elicitation reaction after pretreatment with ascorbic acid. (a) Area B: the elicitation reaction as a result
of exposure to a 2% p-phenylenediamine (PPD)-containing hair dye product, showing erythema and coalescing vesicles. (b) Area D: the
elicitation reaction as a result of exposure to a 2% PPD-containing hair dye product after pretreatment of the skin with the ascorbic
acid-containing emulsion, showing erythema, papules, and probably some vesicles.

It is tempting to also examine the reduction in the elic-
itation reaction when the skin is not pretreated with any-
thing versus when it is subjected to antioxidant pretreat-
ment. However, this comparison encompasses the vehicle
effect of the ascorbic acid emulsion as an additional
variable. Nevertheless, this comparison also showed
a statistically significant reduction on the antioxidant
emulsion-treated skin as compared with the skin that
had been solely exposed to 2% PPD-containing hair dye

(p=0.035) at D3 (Table 1, column 7 versus column 9).
No difference could be observed at D2.

ROS and PPD

There is some evidence of ROS generation during the
oxidation of PPD. The oxidative stress that is produced
during contact with PPD has been considered to be a rea-
son for its toxicity, although PPD-induced ROS are hardly
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detected (16—19). One could assume that ROS originate
both from oxidation of PPD and from the contact allergic
reaction itself, resulting in a higher ROS concentration,
but, as far as we know, this has not been investigated
up to now. Nevertheless, this justifies the assumption
that antioxidants can play a role in the reduction in the
elicitation reaction to PPD.

The role of antioxidants in the reduction in the aller-
gic response to the oxidizing chemical limonene-2-
hydroperoxide was investigated by Géfvert etal. They
concluded that antioxidants were able to reduce the
allergic reaction to the subgroup of allergens that
bind proteins through a radical-mediated pathway
(20). Esser etal. showed that, in a mouse model of
contact hypersensitivity (to 2,4,6-trinitrobenzene sul-
fonic acid, 1-fluoro-2,4-dinitrobenzene, oxazolone, and
2,4,6-trinitrochlorobenzene), pretreatment with topical
antioxidants (N-acetylcysteine, Reseda Iuteola extract,
Trolox, tocopherol, and luteoline) could inhibit a contact
allergic reaction, even when the antioxidant had been
applied up to 180 min after exposure to the allergen.
In this study, antioxidants effectively inhibited contact
allergic responses in both the sensitization phase and
the elicitation phase (2). Ascorbic acid was effective in
decreasing the ROS level during exposure to arylhydroxy-
lamine metabolites (21). In canine kidney cells, ascorbic
acid was efficient in lowering the ROS level, and remained
efficient after longer exposure to PPD (22).

One of the characteristics of ascorbic acid is its
instability and its rapid degradation during contact
with visible light, and when it is present in an aqueous
formulation or in a solution with a high pH (23). In
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