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Abstract: Allergic contact dermatitis (ACD) and photo-ACD are cell-mediated delayed hypersensitivity reactions of the 

skin caused by a wide range of substances. Topical ketoprofen (KP), a nonsteroidal anti-inflammatory drug (NSAID), can 

induce ACD and photo-ACD. Patients with ACD and/or photo-ACD to KP frequently show concomitant sensitization to 

other substances. The aim of this study was to identify the substances most frequently associated with sensitization to KP, 

and to evaluate, by means of computerized conformational analysis, whether this association could be due to cross-

allergy. 15 subjects with ACD and photo-ACD to KP were tested with the SIDAPA (Società Italiana di Dermatologia Al-

lergologica Professionale ed Ambientale) patch test standard series, including fragrance mix and its components (eugenol, 

isoeugenol, oak moss, geraniol, hydroxycitronellal, amylcinnamaldehyde, cinnamyl alcohol and cinnamaldehyde) and 

with the SIDAPA photopatch test series. Allergic reactions to cinnamyl alcohol were noted in all patients, whereas some 

patients also showed positive reactions to fenticlor, octocrylene and benzophenone-10.  

Computerized conformational analysis demonstrated that the structure of cinnamyl alcohol is similar to that of KP, 

whereas the structures of benzophenone-10, octocrylene and fenticlor are completely different. These results suggest that 

in patients with contact allergy to KP, concomitant positive reactions to cinnamyl alcohol are due to cross-sensitization, 

whereas simultaneous allergic reactions to fenticlor, octocrylene and benzophenone-10 should be regarded as co-

sensitizations.  
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INTRODUCTION 

 Allergic contact dermatitis (ACD) is a delayed-type al-
lergic reaction of the skin caused by a wide range of sub-
stances, such as metals, resin, cosmetics, jewelry and weeds, 
including poison ivy or poison oak.  

 On the first cutaneous contact (induction phase) the or-
ganism can respond by developing hypersensitivity; on re-
exposure (challenge), as a rule to much lower concentrations 
than required for initial sensitization, the skin develops an 
inflammatory reaction that is more and more severe after 
repeated exposure to an ACD-inducing allergen [1]. 

 Symptoms of ACD are erythema, oedema, vesicules, 
itching and burning of the skin, followed by crusting, drying 
and desquamation. The lesions initially occur on areas ex-
posed to a particular allergen; later, in case of persistence of 
the noxious contact, the lesions may extend to other distant 
areas.  
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 It is known that irradiation by ultraviolet light results in 
the activation of some substances into allergens commonly 
defined as photoallergens. These last substances induce 
photo-allergic contact dermatitis (photo-ACD), caracterized 
by lesions well demarcated and mostly symmetrical on areas 
exposed to the light. Although photo-ACD is considered 
uncommon, many topical photoallergenic culprits have been 
reported in the literature, the most important of which are 
sunscreen agents and nonsteroidal anti-inflammatory drugs 
(NSAIDs). Among the last substances ketoprofen, [(RS)-2-
(3'-benzoylphenyl) propionic acid] (KP), is widely used for 
the treatment of several inflammatory and painful conditions 
by mouth, rectal, intramuscular and topical routes. In par-
ticular, the use of topical KP is currently on the increase 
thanks to its local analgesic and anti-inflammatory effects 
and its low toxicity. However, since 1983, an increasing 
number of case reports of ACD and photo-ACD from KP has 
been published [2-6]. ACD and photo-ACD to KP develop 1 
week to 1 month after the topical use of the drug with an 
acute erythemato-oedematous and bullous reaction at the site 
of application and frequently beyond the site of appliction. 
Usually the skin eruption clears when the contact with KP 
ceases. Occasionally, however, the patient develops lesions 
even after removal of the drug, and some times may present  
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recurrent transient or persistent light reactions due to reten-
tion of the molecule in the epidermidis [7, 8]. Residual hy-
perpigmentation or intractable leukomelanoderma may occur 
[9].  

 The diagnosis of ACD and photo-ACD with KP is made 
by means of patch and photopatch test. Photoirradiation must 
be performed using UVA radiation (5 J/cm

2 
or less based on 

the minimal erythemal dose) for the reason that the action 
spectrum of KP is predominant in the UVA range [1, 10]. 
Patients with ACD and photo-ACD to KP rarely develop 
photo-allergy with other anti-inflammatory drugs with an 
aryl propionic acid structure, such as alminoprofen, fenopro-
fen, flurbiprofen, ibuprofen and naproxen [10]. On the other 
hand, they frequently show allergic reactions to substances 
with a benzophenone group, such as benzophenone-3, fen-
ofibrate, amiodarone, tiaprofenic acid and suprofen [10]. In 
addition, lots of patients react to fragrance mix (FM) [11].  

CROSS- REACTIVITY 

 Contact simultaneous positive reactions may be due to 
co-sensitization or cross-reactivity among substances with 
similar chemical structure. A definite distinction between 
cross-reactivity and co-sensitization is usually detected by 
means of animal experiments where the exposure factor can 
be strictly controlled. Knowledge in humans is based on sta-
tistical analysis of patch test data and theoretical specula-
tions; however, there is no standardized way of differentiat-
ing with sureness between the two phenomena, since it is 
often difficult to obtain accurate information on previous 
exposure.  

AIM OF THE STUDY 

 In presence of multiple contact allergic reactions the key 
problem is to establish if they are due to cross-reactivity or 
co-sensitization. 

 Simultaneous positive reactions between KP and other 
benzophenone-derivative substances have been reported in 
literature [3, 6]. On the other hand, contemporaneous contact 
sensitivity to KP and FM is so frequent to induce to think 
that the association is not fortuitous [11, 12].  

 Aim of this study was to identify substances most fre-
quently associated with sensitization to KP, and to evaluate, 
by means of computerized conformational analysis, whether 
this association could be due to cross-allergy or co-
sensitization. 

PERSONAL DATA 

 Between October 2006 and May 2007 we studied 15 pa-
tients (6 women, 9 men), aged 21-68 years (mean, 42.1 
years), with eczematous dermatitis from KP-containing gels. 
Among these patients, 6 had used Lasonil

®
 gel and 6 Fas-

tum
®

 gel, both containing 2.5% KP, whereas 3 had applied 
Artrosilene

®
 gel, containing 5% KP. 

 The patients were tested at least 3 months after complete 
disappearance of the dermatitis. Patch and photopatch tests 
were performed with the SIDAPA (Società Italiana di Der-
matologia Allergologica Professionale ed Ambientale) pho-
topatch test standard series (FIRMA Diagent, Florence, It-
aly) (Table 1) and the above mentioned KP-containing gels 

as is. Photo-patch tests were carried out by applying the al-
lergens on one side of the back and leaving them under oc-
clusion for 2 days; readings were performed at 48 and 96 h 
(D2 and D4). Simultaneously, photopatch tests were carried 
out by applying the allergens on the other side of the back, 
taking the bandages off at 24 h and exposing them to UVA 
rays at the dose of 5 J/cm

2
 (UV 801 KL, PUVA/TL01, Pho-

tochemotherapy, Herbert Waldman, Werk für Lichttechnik, 
Germany), whereas the opposite side of the back was cov-
ered with a black cloth. Test reactions were read at 1 and 3 
days after irradiation (D2 and D4). 

 All 15 patients were also patch tested with FM and its 
components (eugenol, isoeugenol, oak moss, geraniol, hy-
droxycitronellal, amylcinnamaldehyde, cinnamyl alcohol 
(Calc), cinnamaldehyde (Cald)) (Table 2) and with Myroxy-
lon pereirae (Euromedical, Calolziocorte, Lecco, Italy).   

 The reactions were classified according to International 
Contact Dermatitis Research Group (ICDRG) guidelines. 

 The software used was Trydent V1.0.0 (Molecular Mod-
eling for Medicinal Chemists) from Wavefunction, Inc. 
(18401 Von Karman Avenue, Suite 370 – Irvine, CA 92612 
U.S.A). With this software, all the structures resulting more 
frequently positive to patch and photopatch tests were stud-
ied. Graphic representation of the molecular structures is 
possible thanks either to a search of the database program 
provided, or by drawing them with the instruments supplied 
by the same program. Once the molecule has been drafted, it 
is firstly optimized by the ‘Best Conformer’ function, which 
shows the most probable three-dimensional configuration. 
Successively, the other likely existing configurations (shapes 
in space) for the same molecule are visualized by the ‘Good 
Conformer’ function. Both functions use a molecular calcu-
lation mechanism and the MMFF (Merck Molecular Force 
Field). They perform the calculation in the first case for the 
lowest-energy shape of the molecule, while in the second 
case they provide a selection of all the possible low energy 
shapes (configurations). In all these steps, windows can be 
opened that describe some physico-chemical properties of 
the base molecule and of its possible configurations. Such 
properties may change according to the molecular configura-
tions e.g. the Strain Energy (in Kj/mol), the dipole moment 
(in Debye units) and other properties.  

 In the next stage the possible configurations, or just some 
of them, are processed with the Structure/Property function. 
This allows the calculation and visualization of various other 
molecular properties, namely: electron density, exposed elec-
trostatic potential surface, electrostatic potential map, poten-
tial local ionization map. The methods used for these compu-
tations are based on three well-documented quantum chemi-
cal models that are suitable and practical for the calculation 
of the structure (geometry) and properties of organic mole-
cules, i.e. PM3 (semi-empirical molecular orbital), 3-21G 
and 6-31G* (Hartree-Fock molecular orbital). Put simply, 
the key difference between the three models is the degree of 
approximation and the amount of data used to process the 
properties. The molecular property we used to highlight 
those elements shared by the different molecules studied is 
the Exposed Electrostatic Potential (EEP) surface. This rep-
resentation is a composite of three different surfaces: an elec-
tron density surface depicting the overall molecular size and 
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shape, a negative electrostatic potential surface identifying 
the electron-rich regions and a positive electrostatic potential 
surface identifying the electron-poor regions. Regions that 
are respectively electron-rich or poor are known to be prefer-
ential reactive sites for nucleophilic reactions. Similarities in 
the quantity of electrical charge (electrons) in otherwise dif-
ferent molecules may lead to a similar reactivity to proteins. 
We considered a lack of symmetry of the molecules, associ-
ated to electron charges separation in different parts of the 
same molecule, as an orientation tool directing the molecules 
toward the reactive site of proteins. The dipole momentum 
considers the distance between the opposite poles of a mole-
cule (i.e. the electron-rich and electron-poor parts) and the 
intensity of the respective electrical charges.  

 The results of the patch and photopatch tests are reported 
in Tables 1 and 2.  

 The patch tests elicited 2+ positive reactions to KP and 
KP-containing gels in 3 patients (20%), 2 of which had pho-
toaggravated contact allergy. Photopatch tests with KP and 
KP-containing gels revealed a strong (3+ positive reactions) 
contact photoallergy to KP in 12 patients (80%). The reac-
tions were relevant in all the cases.  

Table 2. Results of Patch Tests with FM and its Constituents 

and Myroxylon Pereirae in 15 Patients with Eczema-

tous Reactions from KP-Containing Gels 

Allergen 
Positive Reactions  

No. of Patients (%) 

FM 8% pet. 10 (66.7) 

Amylcinnamaldehyde 2% pet. 0  

Geraniol 2% pet. 0 

Isoeugenol 2% pet. 1 (6.7) 

Oak moss 2% pet. 0  

Eugenol 2% pet. 2 (13.3) 

Cinnamaldehyde 1% pet. 1 (6.7) 

Cinnamyl alcohol 2% pet. 15 (100) 

Hydroxycitronellal 2% pet. 0 

Myroxylon pereirae 5 (33.3) 

Table 1. Results of Patch and Photopatch Tests with KP-Containing Gels and with the SIDAPA Photopatch Test Series in 15 Pa-

tients with Eczematous Reactions from KP-Containing Gels 

Allergens 
Positive Patch Tests 

N. of Patients (%) 

Positive Photopatch Tests 

N. of Patients (%) 

2-Ethylhexyl-4-dimethylaminobenzoate (Eusolex 6007) 10% pet. 0 0 

2-Hydroxy-4-methoxybenzophenone (Eusolex 4360) 10% pet 0 1 (6.7) 

2-Phenylbenzimidazole-5-sulphonic acid (Eusolex 232) 10% pet. 0 1 (6.7) 

4-Aminobenzoic acid 10% pet. 0 1 (6.7) 

Benzophenone-10 (mexenone) 10% pet.  2 (13.3) 3 (20) 

Benzophenone-4 10% pet. 0 0 

Bithionol 1% pet. 0 1 (6.7) 

Butyl methoxydibenzoyl-methane (Eusolex 9020) 10% pet. 0 0 

Diethylhexylbutamidotriazone 10% pet. 0 0 

Fenticlor 1% pet. 0 4 (26.7) 

Homosalate 10% pet. 0 0 

Isoamyl p-methoxycinnamate (Neoheliopan E100) 10% pet. 0 1 (6.7) 

KP 2.5% pet. 3* (20) 12 (80)  

KP-containing gels, as is 3* (20) 12 (80) 

Meroxyl XL (drometrizole trisiloxane) 10% pet. 0 0 

Octocrylene 10% pet. 0 3 (20) 

Octylmethoxycinnamate (Eusolex 2292) 10% pet. 0 0 

Piroxicam 10% pet. 0 1 (6.7) 

Sesquiterpene lactone mix 0.1% pet. 0 1 (6.7) 

* 1 patient with contact allergy and 2 with photoaggravated contact allergy. 
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 Of the 15 patients patch tested with FM and Myroxylon 
pereirae (balsam of Peru), 10 (66.7%) had positive reactions 
to FM (with relevance in 6 cases), and 5 of them were simul-
taneously positive to Myroxylon pereirae (33.3%). 2+ (n = 3) 
and 3+ (n = 12) allergic reactions to Calc were noted in all 
patients (100%), whereas only 1 subject (6.7%) had a posi-
tive reaction to Cald. Moreover, 3 patients (20%) showed a 
contact photoallergy to octocrylene, 4 (26.7%) to fenticlor, 3 
(20%) to benzophenone-10, while 2 (13.3%) showed contact 
allergy to benzophenone-10.  

 Application of the ‘Good Conformer’ processing system 
to KP and Calc (Figs. 1 and 2) shows that, in both molecules, 
there are few possible, identical, high-energy molecular  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. (1). KP: this structure represents one of the high-energy con-
formers and its Exposed Electrostatic Potential. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Cinnamyl alcohol: this structure represents the low-energy 
conformer and its Exposed Electrostatic Potential. 

structures, accounting for a total of 9 structures including the 
stable one. The two molecules increase the ‘dipole momen-
tum’ by the same amount (+10%), going from the standard 
status to the highest-energy structure. The amount of energy 
needed to shift the KP molecule from the lowest-energy con-
former to the high-energy conformer has been calculated to 
be about 9 kJ per mole, which is comparable to the amount 
of energy provided by UVA rays in the photopatch testing 
procedure (5 J/cm

2
). Moreover, in the case of Calc, the 

amount of energy necessary to shift from the lowest-energy 
conformer to the high-energy conformer is similar to that of 
KP (6 kJ/mole). The EEP presentation of KP revealed that 
the molecule, which is a bi-aromatic ketone, has a concrete 
possibility of delocalization of the electron clouds which lie 
above and below the two benzene (phenyl) rings and of the 
electrons shared in the double C=O bond in the ketone 
group. All such electrons form a molecular electron cloud 
that is shifted in the direction of the ketone oxygen atom, the 
most electronegative atom in the molecule. This type of shift 
can also take place, albeit with some difficulty, in the direc-
tion of the carboxyl group that is in ‘para’ position (in the 
low-energy, non excited, structure), as this group is sepa-
rated by a carbon atom from the benzene ring. Indeed, the 
EEP presentation shows some electron cloud accumulation 
also on the oxygen of the carboxylic group. 

 Calc, which is a simpler molecule than KP, nevertheless 
has a similar structure to that of KP. The double bond exter-
nal to the phenyl ring is conjugated with the phenyl group, 
and therefore capable of inducing delocalization of the elec-
tron cloud. The EEP presentation of Calc reveals that the 
molecule has the possibility of delocalization of the electron 
clouds which are above and below the benzene (phenyl) 
rings and of the electrons shared in the C=O bond in the al-
cohol group. 

 In the case of Cald, its structure is much more polarizable 
(shifting of the electron cloud) than that of Calc, thanks to 
the presence of a carbonyl group attached to the alpha-beta 
double bond (Fig. 3). Analyzing the Cald structure, the pos-
sible configuration of the molecule in which the carbonyl  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Cynnamaldehyde: this structure represents the low-energy 
conformer and its Exposed Electrostatic Potential. 
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group attracts all the electrons is highly likely. Nevertheless, 
this structure, which is even more evident in the UV-excited 
configuration, is completely different from the Calc and KP 
structures. 

 The results of the computerized conformational analysis 
of benzophenone 10, octocrylene and fenticlor (Figs. 4-8) are 
discussed below. 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. (4). Benzophenone-10: this structure represents one of the high 
energy conformers and its Exposed Electrostatic Potential. 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Benzophenone-10: this structure represents another one of 
the high-energy conformers and its Exposed Electrostatic Potential. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6). Hydrolyzed octocrylene: this structure represents the low-
est energy conformer and its Exposed Electrostatic Potential. 

 

 

 

 

 

 

 

 

 

Fig. (7). Hydrolyzed octocrylene: this structure again represents the 

lowest energy conformer, in this case rotated in order to show simi-

larities with fenticlor and benzophenone-10 and its Exposed Elec-
trostatic Potential. 

 

 

 

 

 

 

 

 

 

 

Fig. (8). Fenticlor: this structure represents the only high-energy 
conformer and its Exposed Electrostatic Potential. 

DISCUSSION 

 Topical KP is an arylpropionic acid derivative used to 
relieve pain and inflammation in the muscles, tendons and 
joints. Several case reports of ACD and photo-ACD from 
topically administered KP have been published [2-6]. Previ-
ous studies have shown that patients with contact allergy to 
KP had a high prevalence of simultaneous positive reactions 
to FM [3, 11]. Concomitant reactions to KP and FM, how-
ever, cannot be explained by the presence of fragrances 
among the constituents of the KP-containing gels [6]. An-
other study disclosed the occurrence of simultaneous reac-
tions to KP and Cald in many patients, hypothesizing that an 
aldehyde group near a benzene ring could induce sensitiza-
tion and cross-reaction between the two substances [11]. 
However, a recent study performed in 8 patients with contact 
and photocontact allergy to KP who were tested with FM 
components disclosed positive reactions to Calc in all pa-
tients, whereas only 5 of them reacted to Cald [10]. In 
agreement with the results obtained by Girardin et al. [12], in 
a series of 15 patients with contact or photocontact allergy to 
KP, only 1 patient (6.7%) had a positive reaction to Cald, 
while all the patients were simultaneously sensitized to Calc, 
evidencing a strong association between the two substances 
suggestive of cross-sensitization. Durbize et al. [13] attrib-
uted this cross-sensitivity to the high reactivity induced by 
the association of a benzene ring with an oxygen.  
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 The goal of this study was to ascertain whether confor-
mational analysis of the substances that resulted positive in 
our series of patch and photopatch tests could clarify the 
reasons for these simultaneous reactions.  

 Firstly we took into account the lowest energy structure 
of Calc (Fig. 2) and one of the 9 possible high-energy struc-
tures of KP (Fig.1) which can be predicted to form during 
exposure of the patch to UV rays. We noted the subsequent 
events. 

1) Both structures present two distinct sites with negative 
EEP. The two sites correspond, one to the carbonyl group 
(acid for KP and alcohol for Calc) and the other to a 
phenyl ring (in the case of KP, the electron cloud tends to 
shift toward the ketone oxygen, but still remains attached 
to the phenyl ring). 

2) In both structures, a part bearing a positive charge is in-
serted in the same plane and position between the two 
negatively charged sites: it corresponds to the acidic hy-
drogen in KP and the alcohol hydrogen in Calc. 

 These shared characteristics allow us to hypothesize a 
similar electronic reactivity for the two structures. Therefore, 
this strengthens the likelihood that in case of a chemical at-
tack to protein macromolecules, the two structures will not 
be identified as different. 

 For its strong negative polarization on the oxygen atom, 
Calc can: a) be attracted by electron deficent atoms; b) easily 
acquire an ubiquitary hydrogen ion (H

+
). The resulting H20

+
 

group bound to the cinnamyl residue is an optimum leaving 
group, as reported in the chemical literature. H20 will succes-
sively detach and R

+
 (cinnamyl cation) would react with the 

negatively polarised groups of proteins. More probably, this 
happens with a concerted (contemporary) mechanism, which 
does not lead to the real formation of the free cation. 

 As N-acetyl-S-(1-phenyl-3-hydroxypropyl) cysteine and 
another cysteine derivative have been identified in the urine 
of rats fed with Calc [14], the most probable binding site of 
the R

+
 ion, in our opinion, could be represented by the sul-

fidryl group of protein cysteines. 

The H
+
 ion is then released again. The suggested concerted 

mechanism is the following:  

Cy-OH + H
+
              CyOH2

+
  

CyOH2
+
 + Protein-SH                Protein-SH

+
-Cy + H2O 

Protein-SH
+
-Cy              Protein--S-Cy + H

+
 

Therefore, we consider Calc as a true hapten which does not 
need any transformation in order to bind to the proteins of 
the skin. 

 Cald (Fig. 3) has a powerful allergenic potential, and its 
structure is much more polarizable than that of Calc, because 
of the 'electron sucking' effect of the C=O group, channelled 
to the phenyl ring via the double bond, which is in the alpha-
beta position of the carbonyl group. This situation (a car-
bonyl group attached to an alpha-beta double bond) is com-
mon to many allergens. 

 So, why is Cald not found to frequently cross-sensitize 
with KP and/or Calc? The possible configuration of the 
molecule where the carbonyl group attracts all the electrons 

is highly likely, but such an electron withdrawal would be so 
complete that the phenyl ring would completely lack nega-
tive charges. This structure, which is even more evident in 
the UV excited state, is completely different from the Calc 
and KP structures and naturally presents a different reactiv-
ity. 

 Some of our patients with contact or photocontact allergy 
to KP showed positive reactions to fenticlor, octocrylene, 
and benzophenone-10. Benzophenone-10, which is widely 
used in sunscreens, shows a somewhat different electronic 
distribution (Fig. 4) from those of Calc and UV-excited KP. 
Much the same can be said of octocrylene, a substance con-
tained in suncare and cosmetic preparations, which has rarely 
been reported as a cause of photo-ACD [15]. The octoc-
rylene molecule has a more expanded distribution of elec-
trons than KP and Calc and, in all its possible (more than 
100) conformations, the electron cloud distributions display 
no relevant differences. Indeed, the amount of energy re-
quired to convert octocrylene into the most unstable confor-
mation is higher than that of sunrays. In fact, the electrons 
polarization increases dramatically only when the molecule 
has lost its alkyl chain, for instance by acid hydrolysis, 
which gives rise to just two conformations. Therefore, the 
reactive form is made available only after an enzymatic or 
acidic attack on the skin. However, conformational analysis 
suggests that even the hydrolyzed form of octocrylene (Fig 
6), like benzophenone-10, is different from Calc and UV-
excited KP. In other words, if we take Calc as the standard 
structure, we find a strong similarity with the excited KP 
structure and much weaker similarities with bezophenone-10 
and hydrolyzed octocrylene. In view of its frequent presence 
in flavourings, spices, foods and perfumes, it seems likely 
that Calc is the real sensitizer among the above molecules 
(100% of patients). These findings suggest that positive reac-
tions to octocrylene or benzophenone-10 in patients sensi-
tized to Calc and KP may be simultaneous reactions rather 
than cross-sensitizations, explainable by the frequent use of 
sun care products (which may contain octocrylene or benzo-
phenone-10) [6].  

 Fenticlor is a chlorophenolic compound with an antifun-
gal activity. In our case series, only 4 (26.7%) patients had 
contact photoallergy to fenticlor, which was instead reported 
by Vigan et al. [16] in 80% of patients photoallergic to KP. 
A possible explanation for such a different prevalence could 
be the absence of fenticlor in the topical preparations mar-
keted in Italy. In the case of fenticlor, it has a very complex 
structure (Fig. 8) which does not allow an easy interpretation 
of its possibile configurations. Conformational analysis 
shows that no structural similarities exist between fenticlor 
and either KP or Calc, while there are evident similarities 
between fenticlor and hydrolyzed octocrylene or benzophe-
none-10 (Figs. 5 and 7), in which the EEP presentation of 
hydrolyzed octocrylene and benzophenone-10 is shown from 
a different point of view. 

 In conclusion, our preliminary results appear to suggest 
that in patients with contact allergy to KP, concomitant posi-
tive reactions to Calc are due to true cross-sensitization, 
whereas positive reactions to KP, Cald, benzophenone-10, 
octocrylene and fenticlor should be regarded as co-
sensitizations. On the basis of these results of a combination 
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of computerized conformational elaboration and clinical 
study, it would seem that cross-allergy may occur among 
molecules with common characteristics, such as little free-
dom to modify their spatial structure (the molecule has a 
fixed shape), polarization sites (electron enrichment and de-
pletion), and similarities among the number, distribution and 
chemical structure of the reactive parts of the molecule. 

ABBREVIATIONS 

ACD = Allergic contact dermatitis  

Calc = Cinnamyl alcohol  

Cald = Cinnamaldehyde  

EEP = Exposed Electrostatic Potential  

FM = Fragrance mix  

ICDRG = International Contact Dermatitis Research 
Group 

KP = Ketoprofen 

MMFF = Merck Molecular Force Field  

NSAID = Nonsteroidal anti-inflammatory drug  

SIDAPA = Società Italiana di Dermatologia Allergologica 
Professionale ed Ambientale 

UVA  
radiation = Ultraviolet A radiation  
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