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Alternative Hair-Dye Products for Persons Allergic to para-

Phenylenediamine
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Background: Finding alternative hair dyes for individuals allergic to para-phenylenediamine (PPD) has been difficult. Newer

permanent and demipermanent hair dyes that have replaced PPD with para-toluenediamine sulfate (PTDS) are now available.

Objective: We examined whether individuals allergic to PPD will tolerate PPD-free hair dyes containing PTDS.

Methods: A retrospective analysis of patch-test results since October 2006 was done and yielded 28 patients allergic to PPD who

were also tested with a hair dye series. From January 2004 through October 2006, seven additional patients allergic to PPD were

tested with PTDS but not the full dye series. Patch-test results were analyzed. The newer PTDS dyes were recommended for all PPD-

positive PTDS-negative subjects starting in 2008, and these subjects were contacted to determine whether they tolerated the

recommended hair-dye products.

Results: Of 28 PPD-allergic patients seen since October 2006, 16 (57.1%) tested negative to all other substances on the dye series.

Eleven tested positive to PTDS; of these, several were also allergic to other substances in the hair dye series. There was only one patient

who was allergic to ortho-nitro-PPD and not to PTDS. Of 7 additional PPD-allergic patients seen from 2004 through 2006, 4 (57.1%)

tested negative to PTDS. In total, 20 of 35 individuals (57.1%) tested positive to PPD but negative to PTDS. Ten of 13 PPD-positive

patients for whom PTDS hair dyes were recommended subsequently used a PTDS hair dye, and all tolerated these products.

Conclusion: Fifty-seven percent of patients allergic to PPD in this study will likely tolerate newer permanent and demipermanent

hair dyes based on PTDS. Most individuals not allergic to PTDS will also test negative to other substances in the dye series. All 10

patients who tested positive to PPD and negative to PTDS who subsequently used a PTDS dye free of PPD tolerated these products.

Many individuals allergic to PPD will benefit from the newer PTDS-based products.

I n the past, finding alternative hair-dye products for

individuals allergic to para-phenylenediamine (PPD)

was a nearly impossible task.1 Hair coloring products

containing PPD have traditionally yielded far superior

cosmetic results than have alternative dyes. Individuals

allergic to PPD have had limited alternative products from

which to choose. These products typically had less realistic

color or did not cover gray hair adequately.1,2

Hair-dye products are divided into permanent, demiper-

manent, and semipermanent types. Most available products

in each of these categories contain PPD. However, hair

coloring products are now defined by ‘‘lift.’’ Permanent dyes

first lighten, or ‘‘lift,’’ the ambient hair color with ammonia

and peroxide to allow the dye to cover gray hair more

effectively. ‘‘Lifting’’ or lightening the ambient hair color

turns the darker hairs closer in hue to the gray hairs. The

result is that gray is more effectively covered when the hair is

colored. This is not ideal for men because most men want

some gray to show through so that they do not appear to be

wearing a hairpiece. Some women also prefer this type of

‘‘natural’’ look. Therefore, demipermanent dyes were de-

signed to cover most but not all gray hair. Demipermanent

dyes usually incorporate ethanolamine to give some ‘‘lift’’

and do a moderately effective job of covering gray. Semiper-

manent dyes have no ‘‘lift’’ and cover gray hair minimally.1,2

Recently, many manufacturers have started to produce

permanent and demipermanent hair coloring products in

which PPD has been replaced with para-toluenediamine

sulfate (PTDS). These products are as cosmetically elegant

as the corresponding products containing PPD.1 Unfortu-

nately, PPD and PTDS are closely related ingredients

(Fig 1), and it is possible that individuals who are allergic

to one of these ingredients may also be allergic to the other.

Objective and Methods

In this study, we examined whether it is likely that

individuals allergic to PPD will be able to tolerate hair-dye

products containing PTDS.
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We performed a retrospective analysis of all patch-

tested patients seen in a busy patch-testing center from

October 2006 through October 2010. During that time,

28 patients found to be allergic by patch tests with PPD

were tested with a hair dye series recommended in the

literature to determine if they were also allergic to other

ingredients found in hair-dye products3; the substances

tested are listed in Table 1. In addition, during January 2004

through October 2006, seven additional patients who had

positive patch-test reactions to PPD were tested with PTDS

but not to the rest of the hair dye series listed in Table 1.

Starting in January 2008, any patient who had a

positive patch-test reaction to PPD and negative patch-test

reactions to PTDS and the rest of the hair dye series were

advised to use one of the new PPD-free PTDS-based hair-

dye products. These 13 patients were then contacted to

determine if they had tolerated the recommended

products.

Results

Of the 28 patients allergic to PPD who were seen from

October 2006 through October 2010, 16 (57.1%) tested

negative to all of the other substances on the hair dye series.

Eleven of the 28 patients tested positive to PTDS. Of these 11

patients, several were also found to be allergic to other

substances in the hair dye series (6 were allergic to para-

aminophenol, 5 were allergic to ortho-nitro-PPD, and 4

were allergic to meta-aminophenol). None of the 28 patients

in the study were allergic to resorcinol. Finally, one patient

was allergic only to ortho-nitro-PPD and not to PTDS.

Seven additional PPD-allergic patients seen from

January 2004 through October 2006 had similar patch-

test results. Four (57.1%) of these 7 patients tested

negative to PTDS. When these patients’ results were

combined with those of the previously mentioned 28

patients, 20 (57.1%) of the total 35 patients tested were

found to have had positive reactions to PPD but negative

reactions to PTDS.

Starting in January 2008, all patients with a positive

patch-test reaction to PPD and negative patch-test

reactions to PTDS and the rest of the hair dye series were

advised to try one of the new PPD-free PTDS-based hair-

dye products. Thirteen of the 35 subjects in this study were

seen after January 2008. Eight of these individuals had +++
reactions to PPD; the remaining five had ++ reactions to

PPD (Table 2). Ten of these individuals reported having

used one of the new PTDS-based hair-dye products; none

of these individuals reported any adverse reactions. Of the

10 subjects who tolerated the PTDS-based hair-dye

products, six had +++ reactions to PPD and the remaining

four had ++ reactions to PPD. Three of the 13 subjects

seen after January 2008 elected not to try the recom-

mended hair-dye products.

We also did an analysis to further determine if subjects

with strong patch-test reactions to PPD were likely to be

able to tolerate the newer PPD-free PTDS hair dyes. A

comparison of the intensity of reactions to PPD and PTDS

is shown in Table 3. Almost half (10 of 21) of the subjects

with who had +++ reactions to PPD had no reaction to

PTDS.

Conclusion

The vast majority of reactions to hair-dye products are

caused by PPD.4–6 In past years, PPD was used in

permanent hair dyes but not in semipermanent dyes.

More recently, PPD has been used in most permanent,

demipermanent, and semipermanent hair-dye products.1,2

Some manufacturers have recently started to produce

permanent and demipermanent dyes using PTDS instead

of PPD (Table 4). These newer products are cosmetically

elegant and could potentially provide an excellent alter-

native for PPD-allergic patients who are not allergic to

PTDS. The PPD-free PTDS-based hair dyes were recom-

mended to all 13 subjects of this study who were seen since

January 2008. Ten of these 13 subjects used the

recommended dyes, and none of these subjects experi-

enced any adverse reaction.

Figure 1. Structures of para-phenylenediamine and para-toluenediamine
sulfate.

Table 1. Allergens in Hair Dye Series*

para-Phenylenediamine (4-phenylenediamine) 1% pet

para-Toluenediamine sulfate (toluene-2,5-diamine sulfate) 1% pet

ortho-nitro-para-Phenylenediamine (2-nitro-4-

phenylenediamine) 1% pet

para-Aminophenol (4-aminophenol) 1% pet

meta-Aminophenol (3-aminophenol) 1% pet

Resorcinol 1% pet

pet 5 in petrolatum.

*Chemotechnique, Vellinge, Sweden.
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Based on this series of patients, we estimate that about

57% of patients allergic to PPD will tolerate the newer

permanent and demipermanent hair coloring products

based on PTDS. Although these products do contain

other coloring agents, patch testing indicated that most

individuals who do not demonstrate an allergy to PTDS

will also have negative reactions to the other dye

substances in the hair dye series. In our study, only 1 of

27 individuals who tested negative for allergy to PTDS

had positive reactions to any of the other substances in

the hair dye series.

One limitation of our study is that most hair dyes

contain other potentially allergenic ingredients that are not

included in the current hair dye series. (These potential

allergens were listed in a recent review article on this

subject.)7 It is possible that patients who test negative to

PTDS will be allergic to one of these ingredients. We

recommend that the hair dye series be expanded to include

these potential allergens.

Another limitation of this study is that it is possible

that individuals who initially tolerate the new PTDS-based

hair-dye products will eventually have cross-reactions to

PPD since PTDS and PPD are closely related chemicals.

However, five of this study’s subjects have been regularly

coloring their hair for at least 1.5 years with the PTDS-

based hair dyes without any adverse reactions.

We recommend that individuals who demonstrate

contact allergy to PPD be tested with a complete hair dye

series. If that series is unavailable, these individuals

should at least be tested for allergy to PTDS. Patients who

are allergic to PPD but test negative for allergy to PTDS

will very likely tolerate the newer permanent and

demipermanent PPD-free hair-dye products based on

PTDS. Although patients who are patch test negative to

PTDS will likely tolerate the new PTDS-based hair-dye

products, we strongly caution that a negative patch-test

reaction to any proposed PTDS-based hair dye should be

obtained before the patient actually uses any of these

products.

These PTDS-based products represent the first

cosmetically elegant alternative hair-dye products for

individuals allergic to PPD. Although approximately

43% of the patients in this study will not be able to

tolerate them, a substantial number of individuals

allergic to PPD will benefit from the availability of these

new products.

Table 2. Results of Patch Tests with para-Phenylenediamine and Use of Subsequent Hair Dyes among 13 Patients Seen in 2008 to 2010

PPD Patch-Test

Reaction

Patients Tolerating Wella

Color Charm*

(Demipermanent)

Patients Tolerating

Wella Koleston*

(Permanent)

Patients Tolerating

L’Oreal Richess{{

(Demipermanent)

Patients Who Did

Not Try New

PTDS Dyes

Patients Who Did

Not Tolerate

PTDS Dyes

++ 3 1 0 1 0

+++ 5 0 1 2 0

Total 8 1 1 3 0

PPD 5 para-phenylenediamine; PTDS 5 para-toluenediamine sulfate.

*The Wella Corporation, Richmond, VA.
{L’Oreal USA Inc., Clark, NJ.
{Product was PPD free at the time it was recommended, but no current information on this product has been obtained.

Table 3. Comparison of Intensity of Reactions to para-

Phenylenediamine and para-Toluenediamine Sulfate*

Reactions to PPD

No

Reaction + ++ +++

Reactions to

PTDS

No

Reaction

0 1 6 10

+ 0 0 0 2

++ 0 0 0 0

+++ 0 0 0 9

PPD 5 para-phenylenediamine; PTDS 5 para-toluenediamine sulfate.

*In patients seen since October 2006 (n 5 28).

Table 4. Some Available PPD-Free Hair Dyes Based on PTDS

*Wella Koleston Perfect (permanent)

Wella Color Charm (demipermanent)

{Schwarzkopf Igora Royal (permanent)

{Goldwell Color Chic (permanent)

Goldwell ReShade for Men (demipermanent)

1Sanotint Light (demipermanent)

IL’Oréal Paris Excellence To-Go 10-Minute Crème Colorant

(demipermanent)

*The Wella Corporation, Richimond, VA

{Schwarzkopf & Dep, Rancho Dominguez, CA

{Sanotint, Cosval Arese, Italy

1PSS, Iinthicum Heights, MD

IL’Oreal USA Inc, Clark, NJ
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