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Structural Analogues Inhibit the Sensitizing Capacity of Carvone
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The aim of the study was to investigate the eŒect of non- demonstrated. Neither was any reduction demonstrated in the

murine local lymph node assay (LLNA) (5). The Scienti® callergenic structural analogues on the sensitizing potential of

carvone, a fragrance allergen. The possibility that one molecule Committee on Cosmetic Products and Non-Food Products

(SCCNFP) intended for consumers within the Europeanmight inhibit the allergenic activity of another molecule has been

debated for 25 years. The Research Institute for Fragrance Union presented a position paper on the phenomenon of

quenching in February 2000 based on the material publishedMaterials states that the sensitizing activity from certain fra-

grance aldehydes is `̀ quenched’’ by the addition of other speci® c (6). This paper concludes that on the balance of evidence then

available, the existence of quenching of certain fragrancechemicals. However, other studies do not con® rm the results,

although several attempts have been made. We used a guinea allergens by other speci® c fragrance components should be

regarded as a hypothesis only. The paper also states thatpig method designed to study the sensitizing capacity of fragrance

allergens. Induction was performed with either carvone alone or convincing clinical data of the e� cacy of quenching are

lacking.with a mixture of carvone and one of two analogues.A signi® cant

diŒerence in the response rates ( p<0.001) was observed between The aim of the present study was to investigate the eŒects

of specially selected non-allergenic structural analogues on thethe animals induced with carvone alone and those induced with

any of the mixtures. Our investigation shows that by using sensitizing potential of a known fragrance chemical, carvone

(Fig. 1) using a guinea pig method for predictive testing ofselected molecules it is possible to signi® cantly reduce the

sensitizing eŒect of a fragrance allergen. Key words: experi- fragrance allergens.

mental sensitization; guinea pigs; quenching; skin.
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(R)-(-)-Carvone (98%) was purchased from Aldrich ChemicalAnn-Therese Karlberg, Department of Occupational
(Stockholm, Sweden). (2R, 5R)-5-isopropenyl-2-methyl cyclohexa-

Dermatology, National Institute for Working Life, SE-112 79
none (2R, 5R-dihydrocarvone) and (5R)-2,3-dimethyl-5-isopropenyl-

Stockholm, Sweden. E-mail: ann-therese.karlberg@niwl.se 2-cyclohexene-1-one (R-methylcarvone) were synthesized as described
previously (7± 9). Both structures have been demonstrated to be non-
sensitizers. Only one of 15 exposed animals showed a positive response
to the highest test concentration (3.3 3 10Õ 4 mol/g) of 2R, 5R-dihy-

Interest and investigations regarding the possibility that one
drocarvone and R-methylcarvone, respectively (9).

molecule might inhibit or reduce the allergenic activity of Freund’s complete adjuvant (FCA) and Freund’s incomplete adjuv-
another have focused on three fragrance aldehydes and their ant (FIA) were obtained from Difco (Detroit, MI, USA). White

petrolatum was obtained from Apoteket AB, Stockholm, Sweden.`̀ quenching’’ chemicals. This was ® rst reported in a publication
Other chemicals used were of pharmaceutical or analytical grade.from the Research Institute for Fragrance Materials (RIFM )

25 years ago (1). The term `̀ quenching’’ was employed to

describe the inhibition of the sensitizing eŒect of the selected Studies on the inhibitory eŒect of the structural analogues in guinea
pigsfragrance aldehydes by the presence of certain other fragrance

chemicals at de® ned ratios. Based on these results, the The studies were approved by the local ethics committee in Stockholm.
International Fragrance Industries Association (IFRA) Female, outbred, albino Dunkin Hartley guinea pigs weighing 250±

300g were purchased from Bio Jet service, Uppsala, Sweden. Thedeveloped guidelines to limit the sensitizing potential of fra-
animals were housed in Macrolon cages, kept on a guinea pig standardgrance materials containing any of the three fragrances studied.
diet and water ad lib.

It was stated that: citral was quenched by the addition of 25%
d-limonene or mixed citrus terpenes or a-pinene; cinnamic

aldehyde should be used along with equal parts of eugenol or

d-limonene; and phenylacetaldehydeshould be used with equal

parts of phenylethyl alcohol or dipropenyl glycol (2).

During the years, observations regarding the inhibition of

the sensitizing eŒect of the fragrance aldehydes have been

reinvestigated in diŒerent ways (3). The most thorough investi-

gation was performed using diŒerent guinea pig methods for

predictive testing of the sensitizing potential of a chemical (4).

In not one case in more than 20 individual tests could a Fig. 1. Structures of compounds studied. The reactive sites for antigen
reduction in the allergenic activity using combinations of formation by a Michael addition at C3 or SchiŒ’s base formation at

C1 are indicated.cinnamic aldehyde/eugenol (1:1) or citral/limonene (4:1) be
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EŒect of 2R, 5R-dihydrocarvone on R-carvone sensitization R-methylcarvone in concentrations 1:2 (3.3 3 10Õ 4 mol/g: 6.6 3
10Õ 4 mol/g) in FCA(FIA)/H2O emulsion. The third group was a

The Freund’s complete adjuvant test (FCAT) (10) on guinea pigs was control group sham-treated with an FCA(FIA)/H2O emulsion. All
used. On days 0, 6 and 10 the animals received one intradermal animals were challenged with R-carvone 3.3 3 10Õ 5 , 0.66 3 10Õ 5 ,
injection (0.1 ml ) on the upper back for induction. At the second and 0.33 3 10Õ 5 , 0.66 3 10Õ 6 mol/g (0.5, 0.1, 0.05, 0.01%), with R-
third inductions the animals received the test material in a Freund’s carvone1 R-methylcarvone 0.66 3 10Õ 5 1 1.3 3 10Õ 5 , 0.33 3
incomplete adjuvant FIA/H2O emulsion as opposed to the ® rst 10Õ 5 1 0.66 3 10Õ 5 mol/g (0.11 0.22%, 0.051 0.11%), with R-methyl-
injection with FCA/H2O emulsion. The modi® cation was performed carvone 6.6 3 10Õ 5 mol/g (1.1%) and with petrolatum as vehicle
according to recommendations from the ethics committee. Three control. The compounds in the actual concentrations were shown to
groups of 15 animals in each were used. The ® rst group was injected be non-irritating in pretests on FCA-treated guinea pigs.
with R-carvone 3.3 3 10Õ 4 mol/g (5% w/w) in FCA(FIA)/H2O emul- Rechallenge. On day 55, all animals were retested with R-carvone
sion (1:1). The second group was injected with R-carvone and 2R, 3.3 3 10Õ 5 , 1.3 3 10Õ 5 , 0.66 3 10Õ 5 , 0.46 3 10Õ 5 , 0.33 3 10Õ 5 ,
5R-dihydrocarvone in concentrations 1:2 (3.3 3 10Õ 4 mol/g: 6.6 3 10Õ 4 0.13 3 10Õ 5 mol/g (0.5, 0.2, 0.1, 0.07, 0.05, 0.02%) and with petrolatum.
mol/g) in FCA(FIA)/H2O emulsion. The third group was a control
group sham-treated with an FCA(FIA)/H2O emulsion. Closed chal-
lenge testing was performed on day 21 (11). The test material (0.015g) Statistics
was applied on the shaved ¯ anks of the animals for 24 h using alumina
test chambers (Finn Chambersâ , i.d. 8 mm; Epitest Tuusla, Finland). A diŒerence in response between exposed animals and controls was
The reactions were assessed at 48 h and 72 h after application. The evaluated using the Fisher exact test. The two-factor analysis of
minimum criterion for a positive reaction was a con¯ uent erythema. variance was used for evaluation of an inhibitory eŒect.
The test concentrations of R-carvone were chosen according to earlier
experiences (12) and the concentrations of the synthesized analogue
were chosen to be 2 3 those of carvone. The compounds in the RESULTS
concentrations used were shown to be non-irritating in pretests on
FCA-treated guinea pigs. All animals were challenged with R-carvone EŒect of 2R, 5R-dihydrocarvone on R-carvone sensitization
6.6 3 10Õ 5 , 3.3 3 10Õ 5 and 1.3 3 10Õ 5 mol/g (1, 0.5, 0.2%), with
R-carvone1 2R, 5R-dihydrocarvone 6.6 3 10Õ 5 1 13.2 3 10Õ 5 mol/g, The animals in both exposed groups were sensitized (Table I ).
3.3 3 10Õ 5 1 6.6 3 10Õ 5 mol/g and 1.3 3 10Õ 5 1 2.6 3 10Õ 5 mol/g (1 1 2, The animals induced with a mixture of R-carvone and 2R,
0.51 1, 0.21 0.4%), with 2R, 5R-dihydrocarvone6.6 3 10Õ 5 mol/g (1%) 5R-dihydrocarvoneshowed a signi® cantly lower response than
and with a vehicle control. Petrolatum was used as vehicle for all

those induced with R-carvone only when challenge-tested withtest materials.
R-carvone. The addition of 2R, 5R-dihydrocarvone to R-Rechallenge. On day 49, all animals were retested with R-carvone

3.3 3 10Õ 5 , 1.3 3 10Õ 5 , 0.66 3 10Õ 5 , 0.33 3 10Õ 5 , 0.13 3 10Õ 5 mol/g carvone at challenge-testing did not in¯ uence the response
(0.5, 0.2, 0.1, 0.05, 0.02%) and with petrolatum. (Table I). In the control animals, one reaction was found to

carvone 6.6 3 10Õ 5 mol/g and one to carvone in mixture with

dihydrocarvone 1.3 3 10Õ 5 1 2.6 3 10Õ 5 mol/g at the 72 hEŒect of R-methylcarvone on R-carvone sensitization

reading.
The experiment was performed according to the method described

Rechallenge con® rmed the results (Fig. 2a). A signi® cant
above. Three groups of 15 animals in each were used. The ® rst group

diŒerence ( p<0.001) was found between the response rate ofwas injected with R-carvone 3.3 3 10Õ 4 mol/g in FCA(FIA)/H2O
emulsion (1:1). The second group was injected with R-carvone and group 1 induced with R-carvone only, compared to that of

Table I. The inhibitory eŒect of 2R, 5R-dihydrocarvone on R-carvone sensitization

Test material in challenge 1a 2b Signi® cance 1 vs. 2

concentration (mol/g) (n 5 15) (n 5 15) p 5

R-carvone (6.6 3 10Õ 5) 48h 13c,d 7c,e 0.022

72 h 14d 9e 0.037

R-carvone (3.3 3 10Õ 5) 48h 14d 6e 0.0025

72 h 15d 8e 0.0032

R-carvone (1.3 3 10Õ 5) 48h 7e 2 0.047

72 h 12d 4f 0.0043

R-carvone (6.6 3 10Õ 5) 1 2R, 5R-dihydrocarvone (13.2 3 10Õ 5 ) 48 h 14d 8e 0.016

72 h 15d 9d 0.0084

R-carvone (3.3 3 10Õ 5) 1 2R, 5R-dihydrocarvone (6.6 3 10Õ 5 ) 48 h 14d 5f <0.001

72 h 13d 8e 0.047

R-carvone (1.3 3 10Õ 5) 1 2R, 5R-dihydrocarvone (2.6 3 10Õ 5 ) 48 h 10d 3 0.011

72 h 15d 6f <0.001

2R, 5R-dihydrocarvone (6.6 3 10Õ 5 ) 48 h 0 0

72 h 0 0

Petrolatum 48 h 0 0

72 h 1 0

aGroup 1 is induced with R-carvone.

bGroup 2 is induced with R-carvone1 2R, 5R-dihydrocarvone.

cThe results are given as number of animals responding in the exposed groups 1 and 2. In the control animals, one reaction was found to

carvone 6.6 3 10Õ 5 mol/g and one to carvone in mixture with dihydrocarvone 1.3 3 10Õ 5 1 2.6 3 10Õ 5 mol/g at the 72 h reading.

d p(exposed/controls)<0.001.

e p(exposed/controls)<0.01.

f p (exposed/controls)<0.05.
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and 0.66 3 10Õ 5 mol/g and with carvone1 methylcarvone

(0.66 3 10Õ 5 1 1.3 3 10Õ 5 mol/g). The addition of R-methylcar-

vone to R-carvone at challenge-testing did not in¯ uence the

response (Table II ). No positive reactions were seen in the

control animals.

Rechallenge con® rmed the results (Fig. 2b). A signi® cant

diŒerence ( p<0.001) was found between the response rate of

group 1, induced with R-carvone only, compared to that of

group 2, induced with the mixture (Fig. 2b). When compared

to the response in the controls, a signi® cant response ( p<0.01)

was seen in group 1 to all but the lowest concentration, which

gave a non-signi® cant response. In group 2, a signi® cant

response ( p<0.05) was seen only to the highest concentration

of carvone (3.3 3 10Õ 5 mol/g). However, a signi® cant dose±

response relationship ( p<0.001) was seen in both experiments

(Fig. 2b). No positive reactions were seen in the control

animals.

DISCUSSION

For the ® rst time, an inhibitory eŒect of one molecule on the

allergenic eŒect of another molecule has been demonstrated

experimentally.

R-Carvone was chosen as the model compound to investi-

gate a possible inhibitory eŒect from non-allergenic structural

analogues. It is a stable molecule with known allergenic activity

(12± 14) and a structure that allows synthetic structural changes

necessary for the study. In a preceding study (9), an observed

diŒerence in chemical reactivity of carvone towards hard and

soft nucleophiles indicated that the major path for antigen

formation is via a Michael addition and not via SchiŒ’s base

formation (Fig. 1). The results were con® rmed when no elicit-

ing eŒect was seen from the synthesized structural analogues

dihydrocarvone (Fig. 1) and methylcarvone (Fig. 1) in car-

vone-sensitized animals and in patients with known contact

allergy to carvone (9). The reactive site for a Michael addition

at C-3 is absent in dihydrocarvone and sterically hindered in

methylcarvone. Furthermore, both analogues were found toFig. 2. Results at rechallenge, 72 h reading. Response rates (%) to
be non-sensitizers (9), showing that SchiŒ’s base formation iscarvone in animals induced with (a) carvone alone and carvone in

a mixture with dihydrocarvone 1:2 and with (b) carvone alone of no importance for the antigen formation. Since the skin
and carvone in a mixture with methylcarvone 1:2 . A signi® cant penetration of the analogues should be similar to that of
dose± response relationship ( p<0.001) was obtained to carvone in all carvone due to small diŒerences in the log P values (9), the
four experiments. A signi® cant diŒerence in the response rates two analogues were considered suitable for testing inhibition
( p<0.001) was seen between the animals induced with carvone alone

of carvone allergy.
and those induced with mixtures of carvone and either dihydrocarvone

Carvone is a fragrance component with the same overall
or methylcarvone.

structure as other monoterpenes used as fragrances. To investi-

gate a possible inhibitory eŒect, we used a guinea pig method

(10) originally designed for studying the sensitizing capacitygroup 2 induced with the mixture (Fig. 2a). When compared

to the response in the controls, a signi® cant response ( p<0.05) of fragrance allergens. The guinea pig models have the advant-

age compared to the more recently designed mouse model, thewas seen to all concentrations of carvone in group 1, while in

group 2 a signi® cant response ( p<0.05) was seen only to Local Lymph Node Assay (LLNA) (15), that they allow

investigation of the elicitation eŒect. This is important, since3.3 3 10Õ 5 mol/g and 1.3 3 10Õ 5 mol/g. However, a signi® cant

dose± response relationship ( p<0.001) was seen in both exp- we also wanted to investigate whether a decrease in the

response to carvone could be seen when the analogues wereeriments (Fig. 2a). No positive reactions were seen in the

control animals. added to the challenge preparations. However, no inhibitory

eŒect was demonstrated on elicitation in carvone-sensitized

animals.
EŒect of R-methylcarvone on R-carvone sensitization

The mechanism of the inhibition of sensitization cannot be

explained easily. Chemical interaction between carvone andThe animals in both exposed groups were sensitized (Table II).

Those induced with a mixture of R-carvone and R-methylcar- its analogues to change the structure of the hapten is not

possible under the conditions in the investigation. To increasevone showed a signi® cantly lower response than the animals

induced with R-carvone when tested with carvone 3.3 3 10Õ 5 the probability of inhibition, we added the carvone analogues
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Table II. The inhibitory eŒect of R-methylcarvone on R-carvone sensitization

Test material in challenge 1a 2b Signi® cance 1 vs. 2

concentration (mol/g) (n 5 14) (n 5 15) p 5

R-carvone (3.3 3 10Õ 5) 48h 11c,d 6c,e 0.0035

72 h 12d 6e 0.013

R-carvone (0.66 3 10Õ 5 ) 48h 6e 0 0.0063

72 h 7e 1 0.012

R-carvone (0.33 3 10Õ 5 ) 48h 2 0

72 h 2 0

R-carvone (0.66 3 10Õ 6 ) 48h 0 0

72 h 0 0

R-carvone (0.66 3 10Õ 5 1 R-methylcarvone 1.3 3 10Õ 5 ) 48h 8d 0 <0.001

72 h 9d 0 <0.001

R-carvone (0.33 3 10Õ 5 1 R-methylcarvone 0.66 3 10Õ 5 ) 48h 3 0

72 h 3 0

R-methylcarvone (6.6 3 10Õ 5 ) 48h 0 0

72 h 0 0

Petrolatum 48 h 0 0

72 h 0 0

aGroup 1 is induced with R-carvone. One animal undressed during the challenge testing.

bGroup 2 is induced with R-carvone1 R-methylcarvone.

cThe results are given as number of animals responding in the exposed groups 1 and 2. No reactions were seen in the control group.

d p(exposed/controls)<0.001.

e p(exposed/controls)<0.01.

in a ratio of 2:1 compared to the allergen. The use of twice as readily forms strong allergens upon air oxidation (16). It is

much of the inhibitors compared to carvone could contribute also important to consider the eŒect of skin penetration when

to the inhibition, but it cannot be the only explanation. If it deciding the ratio between the allergen and the inhibiting
is just the amount that is of importance towards obtaining a molecule. In the quenching experiments, the sensitizer is
reduction in allergenic activity, any molecule in combination applied in higher or similar concentrations compared to the
with carvone would do. In such a case, clinical cases of carvone supposed quencher (4). The possibility of inhibition when
allergy are unlikely to be found, since consumers are exposed adding the inhibitor in higher concentrations was not investi-
to carvone as one of many compounds in natural materials gated. RIFM has presented a recent study (19) on the quench-
such as spearmint oil and oxidized limonene (13, 14, 16). ing eŒect of the sensitizing potential of two of the fragrance

A competitive inhibition may cause the quenching, although aldehydes, citral and phenylacetaldehyde, using the human
this competition does not involve a covalent binding of the maximization test (20, 21) and a human repeated insult patch
two carvone analogues to the macromolecule. One could test (22). In these investigations, no sensitizing activity could
speculate that the formation of antigen takes place directly on be demonstrated when repeatedly applying diŒerent mixtures
endogenous peptides in the antigen-binding groove of HLA- of the sensitizing fragrances and quenchers according to the
class II molecules on the antigen-presenting cells, as has been methods used. It was once more concluded that a quenching
postulated for nickel (17, 18). In such a case the analogues

eŒect does exist for citral and phenylacetaldehyde using the
could prevent induction by temporary blocking binding sites

stipulated quenchers (19). However, the eŒects observed when
in the groove without antigen formation due to similarity in

applying citral and phenylacetaldehyde alone are not pre-
structure. However, the blocking is not su� ciently eŒective to

sented. Furthermore, according to the description of the test
prevent elicitation in already sensitized individuals, since the

method used, the test material was allowed to volatilize for
amount of antigens needed is very low. It should be noted

15± 30min after application on the patch, i.e. before the patch
that we observed some response also when the analogues were

was applied to the skin. Since the fragrances are volatile
added at induction.

compounds, there is an obvious risk that the dose of allergen
Quenching has been investigated and debated since it was

is reduced below the sensitizing level.® rst proposed. In previous studies on quenching, it seems that
The results from our study show that by using selectedno consideration has been given to sensitizing capacity, struc-

molecules it is possible to reduce the sensitizing eŒect of atural similarity and skin penetration of the allergen and the
fragrance allergen. This could be a way of accomplishing ainhibiting chemicals used. The investigations carried out have
reduction in the eŒect of some of the most frequent sensitizersincluded only those chemicals originally claimed to either be
in fragrance materials. Since fragrances, besides nickel salt,quenched or act as quenchers. It is obvious that if a compound
are the most common causes of contact allergy and allergicis to be of any value in preventing an allergic reaction it
contact dermatitis, this would be an important contributioncannot have an allergenic eŒect in itself. However, this was
to increased public health. However, further studies are needednot considered in the quenching studies performed by the
to understand the mechanism behind our observations. It isindustry using for example eugenol and d-limonene to try to
likely that the structural similarity between the synthesizedreduce the allergenic activity of other compounds (1, 3).

Eugenol has an allergenic activity in itself, while d-limonene analogues and carvone prevents antigen formation from
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9. Nilsson A-M, GaÈ fvert E, Salvador L, Luthman K, Bruze M,occurring. In future studies we will investigate the structural
Gruvberger B, Nilsson JLG, Karlberg A-T. Mechanism of therequirements for the inhibitory eŒect.
antigen formation of carvone and related a, b-unsaturated ketones.
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