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THE ALLERGENICITY OF PARAPHENYLENDIAMINE. I
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Abstract. R. L. Mayer’s theory, concerning the allergenic
activity of the intermediary products of p-phenylendia-
mine, with special consideration of benzoguinone, is dis-
cussed.

The allergenicity of paraphenylendiamine (PPD)
was first described by Mayer (6) who also sum-
marized his findings in a later publication (7). His
pioneering work led to the recognition of the al-
lergenic importance of the para position, and es-
pecially of the significance of the structure of
quinone. This has subsequently been verified in
several reports on this group allergy, the literature
on which is immense. In connection with cross
reactivity with nitrobenzene and aniline, phenyl-
hydroxylamine is believed to play a central role,
although this has not been confirmed by Schwarz-
Speck (13). When the allergenicity of PPD is ana-
lyzed the actual allergenic oxidation product con-
cerned cannot be determined (9). PPD in watery
solution, which is often used in patch testing, is
unstable and the initial product is oxidized. This
led to the introduction of the more stable vaseline
vehicle for PPD patch tests such as was used, e.g.,
in the Scandinavian test series (5).

Mayer held the view that on complete oxida-
tion, PPD is converted first into relatively un-
stable quinonimine(s) and quinonediimine(s)
which form substances of quinhydrone character
with the residual PPD), and then into the more
stable vellow benzoquinone (p-benzoquinone). If
there is incomplete oxidation, the so-called Ban-
drowski base (Fig. 1) is formed. According to
Mayer the living cell rapidly oxidizes PPD to
quinonediimine. Moreover, he considered that
“the classical chemical oxidation of PPD leads
ultimately to benzoquinone but it is not known
if this relation also takes place in the animal body.
It is possible that the black polymerization pro-
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ducts which formed in and upon the living cells
from PPD, contain quinone and PPD in addition
to quinonediimine™ (7).

These theoretical assumptions are based on
skin tests made by Mayer on hypersensitive pa-
tients and guinea pigs. Without giving details in
a summary table he states that if the PPD reaction
is 4+, then quinonediimine reaction is 6 -, Ban-
drowski’s base reaction is 4+, and benzoquinone
reaction is 2+ .

His experimental findings concerning, for ex-
ample, benzoguinone, do not agree with the theo-
retical assumption concerning the mentioned
dominant role of this substance. Moreover, Sidi &
Longuevilli (14) consider that the injurious ef-
fects of hair dye are due to the incomplete oxi-
dation of PPD, resulting in Bandrowski's base.
and they recommend as treatment an accelerated
oxidation by rinsing with “oxygenated” water.

With regard to p-quinonimine (which Mayer
produced according to the method of Willstaedter
& Pfannenstiel (16), the majority opinion in the
chemical literature is that it “is extremely sensitive
and has been isolated and characterized potentio-
metrically only by special techniques: even in an
oxidation conducted at 0° in dilute acid solution,
it is only a transient intermediate and undergoes
hydrolysis to quinone. PPD similarly is converted
into quinone through the easily hydrolyzed inter-
mediate P-quinonediimine” (3). Because of the in-
stability of these products, which are not avail-
able commercially (4), their use is extremely
problematical when appropriately diluted as char-
acteristic original substances in sensitization stud-
ies and tests.

In a study of sensitization of plants and tropi-
cal tree species, Schulz et al. (12) found that the
allergenic factor was of a quinoid chararter. They
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Fig. 1. Formulas of mentioned substances.

point out that the allergen of Primula Obconica,
Primin, whose chemical structure has recently
been elucidated (11), consists of a benzoquinone
nucleus with an aliphatic side chain and a meth-
oxy group. The significance of benzoquinone in
connection with PPD-allergenicity can be discus-
sed on the basis of the following experiments con-
ducted by the authors: PPD, air-oxidized in pres-
ence of water, in vitro, was investigated by paper-
chromatography (1) parallel with benzoquinone.
As far as we know, many hitherto incompletely
known spots were obtained from the oxidized
PPD. Some of the spots were extremely sensitive
to air and rapidly changed colour. Thus, for ex-
ample, an intermediate zone turned blue within
seconds. The same behaviour as regards colour
change was also observed with a freshly prepared
water solution of quinhydrone. The actual zones
were compared photometrically: the spectra were
partly identical with hydroiodic acid iodine which
was liberated (17). Carven’s reagent (2), however,
reacted atypically for the actual zones and also
for unseparated, oxidized PPD. In further ex-
periments, small amounts of benzoquinone added
to oxidized PPD were not with certainty detect-
able by Carven's reagent. Qur in vitro experi-
ments hitherto have shown that benzoquinone, if
present, exists only in traces in air-oxidized PPD.
The complete transformation of PPD in vivo is
still unknown (15), although, on the other hand,
Medola & Evans, described in 1891 how PPD
at room temperature formed considerable quanti-
tics of benzoquinone in the presence of a strong
oxidizer (K,Cr,0;). (IT) Patch tests were made
on 5 patients, highly hypersensitive to PPD, by
means of the paper chromatographic method pre-
viously described by the authors (1). The result
indicated that the strongest reaction was most
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likely caused by the benzoquinone-containing
spot.

The present investigators feel it is still an open
question which of the quinoid substances must
mainly be regarded as the active allergen in PPD-
sensitization. The analogy is the question of the
actual allergen in connection with chromium or
turpentine. It follows that, in this respect, ben-
zoquinone seems to be especially active. We have
studied, by means of further experiments on guin-
ca pigs, the problem of allergenicity in connec-
tion with PPD, which is the subject of another
publication (10).
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