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Thirteen patients with contact allergy to phenol-formaldehyde resins (P-F-R) were patch 
tested with 3-methylol phenol, 2,4-dimethylol phenol and 2.6-dimethylol phenol. Nine 
patients reacted to at least I compound, all giving positive test responses lo 2,4-dimethylol 
phenol. Seven patients reacted simultaneously to 2,6-dimethylol phenol while only I 
patient reacted to 3-methylol phenol. Negative test responses were noted in 20 controls. 
Chemical investigation by high pressure liquid chromatography indicaled that the com­
pounds tested were pure and separable. The 3 reported sensitizers may, theoretically, be 
generated during the manufacture of P-F-R. 2.4-Dimethylol phenol and 2,6-dimethylol 
phenol have been demonstrated and there has been chromatographic evidence of 3-
methylol phenol in the P-F-R used in the routine test series at the department. Key words: 
Allergic contact dermatitis; Delayed hypersensitivity; High pressure eliquid chromato­
graphy; Phenol-formaldehyde resins. (Received May 15, 1985.) 

M. Bruze, Department ofOccupational Dermatology. University Hospital, S-22185 Lund,
Sweden.

Allergic contact dermatitis caused by phenol-formaldehyde resin, based on phenol and 

formaldehyde (P-F-R), is not uncommon. During the production of P-F-R a great many 

and mainly unknown substances are formed. There are presumably many sensitizers in P­

F-R and so far 3 compounds have been identified, viz. 2-methylol phenol, 4-methylol 

phenol and 2,4,6-trimethylol phenol (1-5). In this paper, 3 more sensitizers of P-F-R are 

reported. 

MATERIAL AND METHODS 

Patch testing 

Three different phenol-formaldehyde resins are included in the standard test series at our department 
(5). Two of these resins are based on phenol and formaldehyde (P-F-R-1 and P-F-R-2) and both were 
manufactured in an alkaline environment and are thus of the resol type (5). 

Thirteen patients reacting to these P-F-R, all with hand dermatitis, 8 with occupational exposure 
and 5 with unknown exposure to P-F-R, were patch tested (Al-test. Astra Agency, Sweden) with 3-
methylol phenol (Janssen Chimica, Belgium) 2,4-dimethylol phenol and 2,6-dimethylol phenol. The 
dimethylol phenols were synthesized al the department and identified by mass-spectrometry and 
nuclear magnetic resonance spectrometry. All three methylol phenols were dissolved in ethanol 
(99.5 %) at equimolar concentrations; 1.00 % w/v (0.081 molex 1- 1

) for 3-methylol phenol and 1.24% 
w/v (0.081 molex 1-1) for each of 2,4-dimethylol phenol and 2,6-dimethylol phenol. These stock
solutions were patch tested as such and also tested when dilutcd 10 0.1 %. 0.01 %. 0.001 % w/v and 

0.124%, 0.0124%, 0.00124% w/v respectively The strucwral formulae are shown in Fig. I. 

High Pressure Liquid Chromatography (HPLC) 

The three methylol phenols in this study were analyzed by HPLC on a bonded octadecylsilylphase 
using acetonitrile (Merck, Lichrosolv)/water as the mobile phase and detected by a UV-detector. All 
analyses were performed using a column (20 cm, 3 mm i.d.) packed with Nucleosil C,8 (5 µ, 
Macherey-Nagel and Co., Diiren, West Germany). The samples were dissolved in the mobile phase. 
The flow rate was I ml/min and the eluate monitored at 280 nm by using an LDC-spectroMonitor D, 
variable wavelength detector. 
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3-methylol phenol 

[3-hydroxybenzyl alcohol, 

3-( hy dr o x y me t hy I )-phe nol] 

2,4-dimethylol phenol 

[ 2 ,4-d i-( hydro x ymethyl)-phenol) 
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2 ,6-dimethylol phenol 

[ 2 ,6-di-(hydr ox ymet hyl)-phenol] 

Fig. I. The structural formulae of 3-methylol phenol, 2,4-dimethylol phenol and 2,6-dimethylol phenol. 

RESULTS 

The results of patch testing with 3-methylol phenol, 2,4-dimethylol phenol and 2,6-

dimethylol phenol are given in Table I for the 9 patients (out of 13) who reacted to at 

Jeast one of the compounds tested. All 9 patients reported here reacted to 2,4-dimethylol 

phenol. Seven patients reacted simultaneously to 2,6-dimethylol phenol, while only one 

patient reacted to 3-methylol phenol. The strength of the contact allergy seems lo be of the 

same degree for the two dimethylol phenols tested. There were no differences in pattem 

and strengtb of reactivity between the patients with occupational exposure to P-F-R and 
those without. 

None of 2 0  control patients reacted to any of the compounds tested (3-methylol phenol 

1.00% w/v, 2,4-dimethylol phenol and 2,6-dimethylol phenol 1.24 % w/v). 

Each methylol phenol was investigated by HPLC for the presence of the 2 other 

methylol phenols. The highest possible concentrations of contaminating 3-methylol phenol 

in 2,4-dimethylol phenol and 2,6-dimethylol phenol were 0.006% and 0.16 0% w/w respec­

tively. The figures for 2,4-dimethylol phenol in 3-methylol phenol and 2,6-dimethylol 

phenol were 0.004% and 0.238% w/w. The corresponding fugires for 2,6-dimethylol 

phenol in 3-methylol phenol and 2,4-dimethylol phenol were 0. 143 % and 0.01 l % w/w 

respectively. The se values for the highest possible concentrations of contaminating methy­

lol phenols were similar for 2-methylol phenol, 4-methylol phenol and 2,4,6-trimethylol 

phenol in 3-methylol phenol, 2,4-dimethylol phenol and 2,6-dimethylol phenol respective­

ly. 

Table I. Results of patch testing with 3-methylol phenol, 2,4-dimethylol phenol and 2,6-

dimethylol phenol in 9 patients reacting to at /east I of these compounds 

Patient 

Substance/ethanol % w/v 2 3 4 5 6 7 8 9 

3-methylol phenol + 

0.1 
2,4-dimethylol phenol 1.24 + + + + + + + + + 

0.124 + + + + + + + + 
0.0124 + 

0.00124 
2,6-dimethylol phenol 1.24 + + + + + + + 

0.124 + + + + + 

0.0124 + + 

0.00124 
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DISCUSSION 

Besides formaldehyde 3 other sensitizers have previously been identified in P-F-R. 2-
Methylol phenol, described as a sensitizer in iodobismitol (6), was demonstrated to be a 
sensitizer in P-F-R in the forties (I). This compound was rediscovered 30 years later when 
a worker in the phenol-formaldehyde industry reacted to 2-methylol phenol and to a lesser 
degree, to 2,4,6-trirnethylol phenol, but not to 4-methylol phenol (2). Recently a patient 
reacting to this latter substance was reported (3). Other patients with contact allergy to 
these three rnethylol phenols (2-methylol phenol, 4-methylol phenol, 2,4,6-trimethylol 
phenol) have been described in the last year (4, 5). 

At present we are trying to identify sensitizers in P-F-R. Since contact allergens are 
usually small molecules and three methylol phenols which are low molecular weight 
substances, have already been demonstrated to be sensitizers, it seerned reasonable to 
suspect that other equal-sized methylol phenols were sensitizers as well. 

The base-catalysed reaction of phenol with formaldehyde results in the formation of five 
main methylol phenols, viz. 2-methylol phenol, 4-methylol phenol, 2,4-dimethylol phenol, 
2,6-dimethylol phenol and 2,4,6-trimethylol phenol (7). The two dimethylol phenols men­
tioned were not commercially available, so they were synthesized. The first step in the 
methylolation of phenol is the formation of monomethylol phenols. This reaction favours 
substitution at the ortho-position (giving 2-methylol phenol) and para-position (giving 4-
rnethylol phenol) of the phenol, but from a theoretical point of view methylolation at the 
meta-position (giving 3-methylol phenol) cannot be excluded (8). 2,4-Dimethylol phenol 
and 2,6-dimethylol phenol have been demonstrated and there has been chromatographic 
evidence of 3-rnethylol phenol in the P-F-R used in the routine test series of the depart­

rnent (9). 

The contact allergies to 2,4-dimethylol phenol and 2,6-dimethylol phenol are presumably 
genuine since the control patients did not react to 1.24 % w/v while rnost patients reacted 
to rnore diJuted solutions and the HPLC investigation indicated that these compounds and 
3-methylol phenol were pure. The only patient positive to 3-methylol phenol reacted only
to 1.00 % w/v. In spite of this weak reactivity, such sensitivity is presumably genuine since
20 control patients did not react to the same concentration and the patient showed strong
reactions to P-F-R-1 and P-F-R-2. The reaction to 3-methylol phenol, however, and the
reactions to 2,4-dimethylol phenol and 2,6-dirnethylol phenol, may° be expressions of
cross-reactivity to other main sensitizers. This point may be elucidated by predictive patch
testing of guinea pigs.

With the results of this study, three more methylol phenols are added to the number of 
known sensitizers in P-F-R. However, these sensitizers are not the only ones; other 
contact allergens will be reported later. 
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Sub-populations of leucocytes, complement C3, CRP, a2 macroglobulin and immunoglo­
bulin levels were measured in the peripheral blood of 28 (14 male, 14 female) normal 
control subjects and 108 (53 male, 55 female) acne patients. Significantly increased levels 
of inflammatory mediators were found much earlier in female than in male acne patients. 
The female defence system would seem to be more competenl al responding to the acne 
assault; may account for the milder forms of acne found in young women; and have 
relevance both in treatment and the design and interpretation of clinical trials. Key words: 
lnjlammatory responses. (Received April 3, 1985.) 
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In acne ctinics at the Dermatology Department of Leeds General Infirmary, it has been 
observed that there is a higher incidence of severe acne in young (18-25 years) males than 
in females. The majority of young women have milder forms of acne (I). It is possible that 
the nature and magnitude of the intlammatory responses in acne are influenced by the sex 
of the patient. 

It is well documented in the literature that females respond more vigorously than males 
to a variety of immunogens. The different responses of the immune systems appear to be 
influenced by the hormonal balance of the animal; testosterone has been found to inhibit 
and oestrogen to enhance the activity of immunocytes to antigens (2). A significant 
difference in median IgM levels between men and women has been found, women having 
higher values (3). Also the greater prevalence of auto-immune diseases among women, 
such as lupus (4) and rheumatoid arthritis (5), is indicative of a difference in response in 
females as opposed to males. 

In this study, various antisera (including the OKT-monoclonal antibodies) have been 
used to estimate the subpopulations of peripheral blood leucocytes, complement C3, 
immunoglobulins and other serum protein levels in normal subjects and acne patients 




