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Linalool — a significant contact sensitizer after air
exposure
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Background: Linalool is a widely used fragrance terpene. Pure linalool is not allergenic or a very weak
allergen, but autoxidizes on air exposure and the oxidation products can cause contact allergy. Oxidized
(ox.) linalool has previously been patch tested at a concentration of 2.0% in petrolatum (pet.) in 1511
patients, and 1.3% positive patch test reactions were observed.

Objective: To investigate the optimal patch test concentration for detection of contact allergy to
ox. linalool.

Methods: Four concentrations of ox. linalool (2.0%, 4.0%, 6.0%, 11.0% pet.) were tested in 3418
consecutive dermatitis patients.

Results: Ox. linalool 2.0%, 4.0%, 6.0%, and 11.0% pet. detected positive patch test reactions in 0.83%,
3.2%, 5.3%, and 7.2% of the tested patients, respectively. The doubtful reactions increased with rising
concentrations but relatively less, giving 5.1%, 6.4%, and 7.3% doubtful reactions, respectively, for ox.
linalool 4.0%, 6.0%, and 11.0% pet. Few irritative reactions were seen.

Conclusions: Raising the patch test concentration for ox. linalool gave a better detection of contact
allergy, as many as 5-7% positive patch test reactions were detected. We suggest a patch test
concentration of ox. linalool 6.0% pet. for future patch testing, giving a dose per unit area of 2.4 mg/cm?
when 20 mg test substance is tested in small Finn Chambers®.
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Linalool is a naturally occurring terpene, present
in large amounts in various plants, e.g. in laven-
der (1, 2). It is also synthetically produced at low
costs and widely used as a fragrance chemical in
household and hygiene products due to its fresh,
flowery odour. According to several studies, linalool
is presently among the most common fragrance
ingredients in consumer products (3—5). In a recent
assessment, an estimated consumer exposure for
selected fragrance terpenes was calculated based on

concentrations in 10 types of cosmetic products and
on the mode of usage for the product. The max-
imum daily exposure to linalool was by far the
highest compared to the other discussed fragrance
terpenes (6).

Like other fragrance terpenes, e.g. limonene,
linalyl acetate, and geraniol, linalool has been
demonstrated to autoxidize on air exposure at room
temperature (7). As a pure compound linalool sel-
dom causes positive patch test reactions (8—10),
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while the oxidation products cause contact
allergy (9, 11, 12). Several oxidation products
such as hydroperoxides, aldehydes, ketones, and
alcohols have been identified in the oxidation mix-
ture (11, 12). The primary oxidation products of
linalool, linalool hydroperoxides, were found to
be the major contact allergens in the oxidation
mixture (9, 11, 12). This is in accordance with
investigations of autoxidation of other fragrance
terpenes, e.g. limonene and linalyl acetate (13, 14).

One earlier multicentre patch test study has been
conducted using oxidized (ox.) linalool (9). A patch
test preparation of ox. linalool 2.0% in petrolatum
(pet.) gave 1.3% positive patch test reactions in 1511
consecutive dermatitis patients (9). We have, in
recently performed human irritation studies, shown
that ox. linalool exerts very slight irritation at 10%
pet., giving no reaction at all in 35% of the persons
tested, and a marginal reaction or a slight percepti-
ble erythema in 50% of the persons tested (15). The
obtained results gave rise to the question whether
the previously used patch test concentration of ox.
linalool 2.0% pet. could be raised. The patch test
concentration used for screening is important as a
higher test concentration normally increases the pos-
sibility of diagnosing contact allergy. However, with
high patch test concentrations, adverse effects such
as irritation or sensitization may occur. It is desirable
to find a patch test concentration that detects contact
allergy with a low incidence of irritancy or doubtful
reactions, and a safe level with regard to sensitiza-
tion. Guidelines on establishing an appropriate patch
test concentration with respect to irritancy and active
sensitization have been published in a review on
behalf of the European Society of Contact Dermati-
tis (16).

Fragrances are today common causes of contact
allergy, second only to nickel in the baseline patch
test series (17, 18). Today’s diagnostic tools in the
baseline patch test series consist of the Fragrance
Mix (FM), Myroxylon pereirae (MP) and the more
recently introduced Fragrance Mix II (FM II). Con-
comitant reactions to the different fragrance markers
are widely observed in many studies (9, 19, 20).

Concomitant reactions to colophonium are often
seen in patients reacting to fragrance markers (9,
19-25). In this study, as in earlier studies on ox.
fragrance terpenes, we have chosen to present patch
test data on concomitant reactions to colophonium
along with the fragrance markers in the baseline
series.

The aim of the present study was to investigate
whether an increased patch test concentration of
ox. linalool would detect more cases of contact
allergy without rendering more adverse effects, e.g.
irritation, and to determine the optimal concentration
for detection of contact allergy to ox. linalool in a
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Fig. 1. Identified oxidation products formed by autoxidation
of linalool at 45 weeks (11, 12). Linalool (3,7-dimethyl-1,6-
octadien-3-ol) 1; 7-hydroperoxy-3,7-dimethylocta-1,5-diene-
3-ol 2; 6-hydroperoxy-3,7-dimethylocta-1,7-diene-3-ol 3; 2-
(5-methyl-5-vinyltetrahydrofuran-2-yl)propan-2-ol  4; 2,2,6-
trimethyl-6- vinyltetrahydro-2 H -pyran-3-ol 5; 2,6-
dimethylocta-3,7-diene-2,6-diol 6; 2,6-dimethylocta-1,7-diene-
3,6-diol 7; and 6-hydroxy-2,6-dimethylocta-2,7-dienal 8.

large group of patients. Furthermore, the relationship
between contact allergy to other fragrance markers
and/or colophonium in the baseline patch test series
and positive patch test reactions to ox. linalool was
assessed.

Materials and Methods
Chemicals

Linalool (3,7-dimethyl-1,6-octadien-3-0l) (1 in
Fig. 1) with a stated purity of 97% was obtained
from Sigma Aldrich Chemie (Schnelldorf, Ger-
many) and purified by distillation. In order to
mimic oxidation that happens during handling
and storage conditions, a simplified experimental
oxidation model was used according to previ-
ous experience (26). The oxidation/degradation
process was followed using gas chromatography
(GC) and high performance liquid chromatogra-
phy (HPLC), according to methods previously
described (11, 12). After 45 weeks, the oxidation
mixture of linalool contained only 30% linalool.
At this time, the main oxidation products in the
oxidation mixture were highly sensitizing linalool
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hydroperoxides and non-sensitizing ethers. Isolated
and identified oxidation products after 45 weeks
of air oxidation are shown in Fig. 1 (12). At
45 weeks, the oxidation mixture contained 19%
linalool hydroperoxides (15% of 7-hydroperoxy-
3,7- dimethylocta-1,5-diene-3-ol and 4% of 6-
hydroperoxy-3,7-dimethylocta-1,7-diene-3-ol), 20%
of 2-(5-methyl-5-vinyltetrahydrofuran-2-yl) propan-
2-ol and less than 4% of 2,2,6-trimethyl-6-
vinyltetrahydro-2 H-pyran-3-ol. It also  con-
tained 2,6-dimethylocta-3,7-diene-2,6-diol,  2,6-
dimethylocta-1,7-diene-3,6-diol and 6-hydroxy-2,6-
dimethylocta-2,7-dienal (Fig. 1). Details on the
chemical analyses of ox. linalool are described
elsewhere (11, 12).

Patch test materials

Ox. linalool was stored under argon at —20°C until
test preparations were made. Chemical analyses
were performed on a regular basis of the stored non-
ox. and ox. test materials to ensure that the composi-
tion had not changed during storage. New patch test
preparations were made every 2—3 months from the
same batches. Test preparations of ox. linalool were
prepared at 2.0%, 4.0%, 6.0%, and 11.0% (w/w)
in non-stabilized white pet. (Kebo Lab A/S, Albert-
slund, Denmark) and were kept in 5 ml syringes in
the refrigerator. Standard allergens used for patch
testing were obtained from Chemotechnique Diag-
nostics AB (Vellinge, Sweden).

Subjects, exposure and evaluation

Consecutive patients undergoing patch testing
because of suspected allergic contact dermati-
tis (ACD) at the Department of Dermatology,
Sahlgrenska University Hospital, Gothenburg, Swe-
den, and the Department of Occupational and
Environmental Dermatology, Malmé University
Hospital, Malmo, Sweden, were screened with
one, two, or three concentrations of ox. linalool
simultaneously, in addition to regular patch testing.
Patch test preparations of approximately 20 mg (27)
were applied in small Finn Chambers® (diameter
8 mm, inner area of 0.5 cm?, Epitest Ltd Oy,
Tuusula, Finland) on Scanpor tape® (Norgesplas-
ter A/S, Vennsela, Norway) to the back of the
patient and left under occlusion for 2D and then
removed by the patient. The dose per unit area
was approximately 0.80 mg/cm? at ox. linalool
2.0% pet., 1.6 mg/cm? at 4.0% pet., 2.4 mg/cm?
at 6.0% pet., and 4.4 mg/cm? at 11.0% pet. Visual
readings were scored according to the Interna-
tional Contact Dermatitis Research Group (ICDRG)
guidelines (28) on D 3—4 and D 6-7. All patch test
reactions not fulfilling the criteria to be classified

as allergic according to the ICDRG guidelines were
differentiated with regard to irritant and doubtful
reactions (28, 29).

Dose—response relationship

Pre-study. To compare the obtained results with
those from the earlier multicentre patch test study
on ox. linalool 2.0% pet. (9), a pre-study was con-
ducted where the previously used test concentra-
tion of ox. linalool, 2.0% pet., was tested in 1343
consecutive patients with suspected ACD. The pre-
study was performed in Gothenburg during Febru-
ary 2004—December 2005 and during March—June
2006.

Dose—response studies. The dose—response studies
for ox. linalool were performed in three steps in con-
secutive dermatitis patients with suspected ACD in
Gothenburg and Malmé. Between January—March
2005, 350 patients (177 women, 173 men) were
tested with ox. linalool at concentrations of 2.0%
pet. and 4.0% pet. Between June 2006 and Febru-
ary 2007, 721 patients (463 women, 258 men)
were tested with ox. linalool at concentrations of
4.0% pet. and 6.0% pet., and between February—
December 2007, 1004 patients (647 women, 357
men) were tested with ox. linalool at 4.0% pet.,
6.0% pet., and 11.0% pet. In this last step of the
study, concomitant reactions to other fragrance aller-
gens and/or colophonium in the baseline series were
compiled. This part of the study was also chosen
to investigate on which day of reading the positive
patch test reactions were visible for the different
concentrations and to study the distribution of pos-
itive patch test reactions between men and women.

Statistics

All analyses were carried out using R version
2.6.0 [(2007-10-03), © 2007. The R foundation
for Statistical Computing, Vienna, Austria]. Fisher’s
exact test was used as statistical method.

Results

The results from the pre-study and the three steps
in the dose—response study are given in Table 1.
The total number of patients tested with each patch
test concentration of ox. linalool in the study and the
overall number and (%) of positive reactions, doubt-
ful reactions, and irritant reactions to each respective
concentration are given in Table 2. The overall (%)
of positive, doubtful, and irritant patch test reactions
to the four concentrations of ox. linalool are shown
in Fig. 2. The distribution of strength of the positive
reactions is shown in Table 3.

Statistically, a significant increase in the number
of patients showing positive patch test reactions
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Table 1. Number (no.) of patients, positive patch test reactions, doubtful reactions, and irritant reactions for each tested concentration of
ox. linalool in the different study periods of the dose—response study for ox. linalool

No. of positive patch
test reactions (%)

Ox. linalool (W/w% pet.) Total no tested

No. of doubtful patch
test reactions (%)

No. of irritant patch test
reactions (%)

Pre-study 2.0 1343 13
First study period 2.0 350 1
4.0 350 10 (2.8)
Second study period 4.0 721 27 3.7
6.0 721 36 (5.0
Third study period 4.0 1004 30 (3.0
6.0 1004 55 (5.5)
11.0 1004 72 (7.2)

0.97)
(0.29)

25 (1.9) 0
8 (2.3) 0

23 (6.6) 4 (1.1)

35 (4.8) 0

44 (6.1) 1 (0.14)

48 (4.8) 3 (0.30)

67 (6.7) 3 (0.30)

73 (7.3) 7 (0.70)

Table 2. Total number of patients tested with each patch test concentration of ox. linalool in the study and the number and (%) of
positive reactions, doubtful reactions, and irritant reactions to each respective concentration in the dose—response study for ox. linalool®

Ox. linalool (Ww/w% pet.) Total no. tested

Positive (%)

Doubtful (%) Irritant (%)

2.0 1693 14/1693
4.0 2075 67/2075
6.0 1725 91/1725
11.0 1004 72/1004

(0.83) 33/1693 (1.9) 0
(320 106/2075 (5.1)¢ 712075 (0.34%)
(5.3) 111/1725 (6.4) 4/1725 (0.23%)
(7.2 73/1004 (7.3)f 7/1004 (0.7%)

2All statistics calculated with Fisher’s exact test.

PIncrease in positive patch test reactions compared with positive reactions to ox. linalool 2.0% pet. P = 1.81 x 1077,
“Increase in doubtful patch test reactions compared with doubtful reactions to ox. linalool 2.0% pet. P = 9.19 x 1078,
dIncrease in positive patch test reactions compared with positive reactions to ox. linalool 4.0% pet. P = 0.0019.
“Increase in positive patch test reactions compared with positive reactions to ox. linalool 6.0% pet. P = 0.054.
fIncrease in doubtful patch test reactions compared with doubtful reactions to ox. linalool 4.0% pet. P = 0.018.
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w

2
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B
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Concentration ox. linalool, % pet.

could be demonstrated as the concentrations were
increased, Table 2. Although an increase in doubtful
reactions was recorded as the concentration of
ox. linalool was increased, the ratios of positive
reactions to doubtful reactions increased with rising
concentrations giving 0.44 (pos reactions/doubtful
reactions = 0.83/1.9) for ox. linalool 2.0% pet.,
0.63 (3.2/5.1) for 4.0% pet., 0.83 (5.3/6.4) for 6.0%
pet., and 0.99 (7.2/7.3) for ox. linalool 11.0% pet.
Tables 4a—d show how the reactions appeared in
the individual patients at the different concentrations
of ox. linalool. Table 4a compares ox. linalool 2.0%
and 4.0% pet. in 350 consecutive dermatitis patients.
It was found that 5/8 (62.5%) patients showing
doubtful reactions at 2.0% pet. showed positive

Bpositive
Bdoubtful
Oijrritant

Fig. 2. Percentage (%) of positive, doubtful,
and irritant patch test reactions to four con-
centrations of ox. linalool in pet. in 3418
consecutively patch-tested dermatitis patients.
Numerical values are given in Table 2.

Table 3. Distribution of strength of positive patch test reactions
for the four tested concentrations of ox. linalool in the
dose—response study for ox. linalool

Ox linalool  Total no. No

(W/w% pet.) tested positive + (%)  ++/4++ (%)
2.0 1693 14 8/14 (57) 6/14 (43)
4.0 2075 67 46/67 (69) 21/67 3D
6.0 1725 91 66/91 (72) 25/91 27

11.0 1004 72 53/72 (74) 19/72 (26)

reactions at 4.0% pet. Also, four patients negative
at 2.0% pet. became positive at 4.0% pet. Of the
10 positive patch test reactions at 4.0% pet., only 1
(10%) would be detected at 2.0% pet.
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Table 4. Tables showing how individual positive, doubtful, and
irritant reactions in patients appeared in other simultaneously
tested patch test concentrations of ox. linalool

(a) Ox. linalool 2.0% versus 4.0% pet.?

Ox linalool 2.0%

_ Positive  Doubtful Irritant Negative
g Pos 1 5 0 4
IERN
£&  Doubtful 0 3 0 20
Y Irritant 0 0 0 4
= Negative 0 0 0 313
(b) Ox. linalool 4.0% versus 6.0% pet.b

Ox linalool 4.0% pet.
3 Positive  Doubtful  Irritant ~ Negative
b g Positive 28 12 0 15
S, Doubtful 2 35 0 30
o) g Irritant 0 0 3 0
o Negative 0 1 0 878
(c) Ox linalool 6.0% versus 11.0% pet.”

Ox linalool 6.0% pet.
S o Positive  Doubtful  Irritant ~ Negative
% 8, Positive 53 13 0 6
£®  Doubtful 2 44 0 27
% = Trritant 0 2 3 2
© —  Negative 0 8 0 844
(d) Ox linalool 4.0% versus 11.0% pet.®

Ox linalool 4.0% pet.
3o Positive  Doubtful  Irritant ~ Negative
% 8 Positive 28 19 0 25
.Ex®  Doubtful 2 24 0 47
. S Irritant 0 1 3 3
O —  Negative 0 4 0 848

(a) Shows pattern of reactions to ox. linalool 2.0% and 4.0% pet.
(b—d) show pattern of reactions to ox. linalool 4.0%, 6.0%, and
11.0% pet.

First part of the dose—response study, n = 350.

Third part of the dose—response study, n = 1004.

Tables 4b—d refer to the third part of the study
when ox. linalool 4.0%, 6.0% and 11.0% pet. were
tested simultaneously in 1004 patients. Table 4b
compares ox. linalool 4.0% pet. and 6.0% pet. Of
the 48 patients with doubtful reactions at 4.0%,
12 (25.0%) showed positive reactions at 6.0% pet.
Also, 15 patients who were negative at 4.0% pet.
showed positive patch test reactions at 6.0% pet. Of
the 55 positive patch test reactions at 6.0% pet., 28
(50.9%) would be detected at 4.0% pet.

Table 4c compares ox. linalool 6.0% pet. and
11.0% pet. Of the 67 patients showing doubtful
reactions to ox. linalool 6.0% pet., 13 (19.4%)
showed positive reactions to 11% pet. Here, six of
the negative reactions at 6.0% pet. became positive
at 11.0% pet. Of the 72 positive patch test reactions
at 11.0% pet., 53 (73.6%) would be detected at
6.0% pet.
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concentration
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10-]:.:.:
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2.0% pet. 4.0% pet.  6.0% pet.
Concentrations of ox. linalool % pet.

Number of doubtful reactions

Fig. 3. Number of patients with doubtful reactions at ox.
linalool 2.0% (n = 350), and 4.0%, and 6.0% pet. (n = 1004),
and the subgroups showing a simultaneous positive patch test
reaction to the next higher concentration.

Table 4d compares the reactions to ox. linalool
4.0% pet. and 11.0% pet. Of the 48 patients showing
doubtful reactions to 4.0% pet., 19 (39.6%) showed
positive reactions to 11.0% pet. Also, 25 patients
who were negative at 4.0% pet. showed positive
patch test reactions at 11.0% pet. Of the 72 positive
patch test reactions at 11.0% pet., 28 (38.9%) would
be detected at 4.0% pet.

Figure 3 shows the number of doubtful reac-
tions at 2.0% pet. (in 350 patients), 4.0% pet., and
6.0% pet. (in 1004 patients) and marks the sub-
group which showed positive reactions to the next
higher concentration in the dose—response study.
Figure 4 shows the positive reactions at each tested
concentration of ox. linalool and how the reactions
read at the next lower concentration tested in the
dose—response study.

The positive patch test reactions in the third step
of the study (n = 1004) were differentiated as to
which day of reading they appeared (Table 5). The
majority of the positive patch test readings were
visible on D 3—4 or at both readings. Only 6—10%
appeared exclusively at reading D 6-7.

Concomitant reactions to other fragrance mark-
ers and/or to colophonium in the baseline series
were common in patients reacting to ox. linalool
and are given in Table 6. For all concentrations, the
patients (men and women calculated together) show-
ing positive patch test reactions to ox. linalool had
statistically significantly higher frequencies of posi-
tive reactions to one or more other fragrance marker
and/or colophonium in the baseline series, compared
with the patients not showing positive patch test
reactions to ox. linalool (P < 0.001), Table 6.
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Positive reactions at a given concentration and how they
appeared at the next lower concentraion
100%

90%

80%

70%

60% -
negative

doubtful
positive

50%

40%

30%

20%

10% )
N
DI\

4.0% pet. (10/350  6.0% pet. (55/1004 {112, pet. (72/1004
pos) pos) pos)

0%
concentration ox. linalool

Fig. 4. Positive reactions at each tested concentration of ox.
linalool and how the reactions read at the next lower concen-
tration tested in the dose—response study. When 4.0% pet. is
compared to 2.0% pet., 90% of the patients would not have
been diagnosed using the lower test concentration. Likewise,
for 6.0% pet. compared to 4.0% pet., 49% of the patients would
not have been diagnosed using the lower test concentration. In
a similar way, for 11.0% pet. compared to 6.0% pet., 26% of
the patients would not have been diagnosed using the lower test
concentration only.

Table 5. Distribution of positive patch test reactions by day of
reading in third part of the study (n = 1004)

Ox. linalool Pos only Pos both D3-4 Pos only

(W/w%) D3-4 and D6-7 D6-7
4.0 18%/30 10/30 2/30
6.0 35%/55 17/55 3/55
11.0 45472 20/72 772

2One patient was only read D3.

Concomitant reactions to fragrance markers
and/or colophonium in the baseline series for
the subgroups of patients showing + or stronger
(++/+ + +) positive patch test reactions and for
patients showing doubtful or negative reactions to
ox. linalool in the third step of the dose—response
study are shown in Fig. 5. The subgroup of patients
showing positive patch test reactions to one or more
other fragrance marker and/or colophonium in the
baseline series is very high in the ++/+ + + group
(75-80%), and still high in the + group (28% at
11.0% pet., 36% at 6.0% pet., and 43% at 4.0%
pet.), compared with 11.9% in the patients negative
to ox. linalool at all tested concentrations.

The frequency of positive patch test reactions to
ox. linalool, as well as to fragrance markers and
colophonium, separated for men and women in the
third step of the dose—response study, is shown
in Table 7. There was no statistically significant
difference between the frequencies of positive patch
test reactions to ox. linalool between men and
women at any given concentration. No statistical

difference was found between men and women in
FM, FM 11, or colophonium, while the different
frequencies for men and women in positive patch
test reactions to MP gave P = 0.012.

No patients were, to the best of our knowledge,
sensitized during this study as no reports of late-
appearing reactions (>D7), indicating active sensi-
tization, were reported to the test centres.

Discussion

In this study, we observed positive patch test
reactions to ox. linalool in a greater frequency than
earlier recognized. As many as 5—7% of the patients
tested showed positive patch test reactions to ox.
linalool at 6.0% pet. or 11.0% pet. patch test con-
centration. This places ox. linalool among our most
common contact allergens. In relation to an earlier
survey over Swedish patch test data, positive patch
test reactions to ox. linalool are as prevalent as pos-
itive patch test reactions to the FM or MP (30). The
relevance of the findings in the present study was
supported by a high frequency of positive reactions
to other fragrance markers and/or colophonium in
patients showing positive patch test reactions to
ox. linalool (Table 6, Fig. 5). This, in our view,
supports that we are detecting patients who have a
true contact allergy to fragrances and not recording
unspecific patch test reactions, even at the relatively
high patch test concentration of 11.0% pet.

In raising the patch test concentration, the gain
in positive reactions was great between 2.0% and
4.0%, and still large between 4.0% and 6.0% pet.
For the tested lower concentrations (2.0% pet., 4.0%
pet., 6.0% pet.), 62%, 25%, and 19%, respectively,
of the doubtful reactions became positive at the next
higher concentration (Tables 4a—c). Likewise, for
the raised test concentrations (4.0% pet., 6.0% pet.,
11.0% pet.), 90%, 49%, and 26%, respectively, of
the patients would not have been diagnosed using
the next lower test concentration only (Fig. 4).

Based on the results of this study, we suggest
a patch test concentration of ox. linalool of 6.0%
pet. for future screening of dermatitis patients for
contact allergy. This gives a dose per unit area of
2.4 mg/cm? when 20 mg of patch test preparation
is applied in small Finn Chambers® (27). The
11.0% pet. (4.4 mg/cm?) patch test concentration
could probably also be used in screening or as a
supplementary test if a doubtful reaction if seen
to the 6.0% pet. patch test concentration and it is
important to verify or exclude contact allergy to
ox. linalool. It is however of great importance to
consider the risk of active sensitization, a risk which
is always present in patch testing but which should
be minimized (16).
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Table 6. Number of patients and (%) of 1004 consecutively tested dermatitis patients in the third part of the dose—response study,
showing positive or negative patch test reactions to ox. linalool, also reacting to other fragrance markers (FM, FM II, MP) and/or
colophonium in the baseline patch test series®

Number of patients (%) not
positive to ox. linalool at
any concentration,

Number of patients and (%) with positive reactions to ox. n = 929, showing
linalool (total n = 75) showing concomitant reactions to concomitant reactions to
fragrance markers and/or colophonium in the baseline fragrance markers and/or
patch test series colophonium
Concomitant reactions to: 4.0% pet. n =30  6.0% pet. n =55 11.0% pet. n =72
Fragrance mix (FM) 8/30 (26.7) 12/55 (21.8) 14/72 (19.4) 56/929 (6.0)
Fragrance mix II (FM II) 5/30 (16.7) 8/55 (14.5) 9/72 (12.5) 29/929 3.1
Myroxylon pereirae (MP) 10/30 (33.3) 11/55 (20) 14/72 (19.4) 45/929 (4.8)
Colophonium 5/30 16.7) 8/55 (14.5) 9/72 (12.5) 24/929 (2.6)
>1 Fragrance markers and/or colophonium ~ 14/30  (46.7)°  23/55  (41.8)° 28/72  (38.9¢  111/929 (11.9)bed

4All statistics calculated with Fisher’s exact test.

bStatistically significant concomitant reactions to other fragrance markers and/or colophonium in subjects showing positive patch test
reactions ox. linalool 4.0% compared to those with negative reactions to ox. linalool (P = 4.76 x 107°).

CStatistically significant concomitant reactions to other fragrance markers and/or colophonium in subjects showing positive patch test
reactions ox. linalool 6.0% compared to those with negative reactions to ox. linalool (P = 8.86 x 1079%).

dStatistically significant concomitant reactions to other fragrance markers and/or colophonium in subjects showing positive patch test
reactions ox. linalool 11.0% compared to those with negative reactions to ox. linalool (P = 3.13 x 10~%).
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80%- —— — I R S
70%- — — I R S
0/ | I I I I
. 60% O Not positive to
/°.°f 50%+ L — I [ S any fragrance
patients marker and/or
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EE R EEEEEN
10%- marker and/or
AN AR NEN
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n=9 n=21 n=48 n=13 | n=42 | n=67 n=19 | n=53 | n=73 | atall
Ox. linalool 4.0% pet. Ox linalool 6.0% pet. Ox. linalool 11.0% pet. |concentrations ox.
linalool

Fig. 5. Percent (%) of patients showing concomitant reactions to other fragrance markers and/or colophonium in the baseline
series in patients with positive, doubtful or negative patch test reactions to ox. linalool. The patients reacting to ox. linalool are
differentiated as to strength of reaction ++/+ + + or +.

Table 7. Distribution of women and men [number of patients, (%)] showing positive patch test reactions to ox. linalool, fragrance
markers and/or colophonium in the baseline patch test series in the third part of the dose—response study (n = 1004)

Ox. linalool

4% pet. 6% pet. 11% pet. M FMIIL MP Colophonium
Women % 19/647 2.9 32/647 4.9 43/647 6.6 48/628 7.6 30/625 4.8 34/627 5.4* 35/639 5.5
Men % 11/357 3.1 23/357 6.4 29/357 8.1 20/353 5.7 8/345 2.3 7/352 2.0* 16/354 4.5
Total positive % 30/1004 3 55/1004 5.5 72/1004 7.2 68/981 6.9 38/970 3.9 41/979 4.2 51/993 5.1

Statistically significant difference between men and women (P = 0.012).

It is generally desirable to patch test with defined  most efficient way to detect contact allergy to
compounds rather than natural products or mixtures.  fragrance terpenes that autoxidize (9, 21, 24). As
However, in clinical practice, patch testing with  the composition of the oxidation mixtures varies
carefully controlled oxidation mixtures may be the  with time, and both oxidation method and batch
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size influence the oxidation process, standardization
of appropriate test material with respect to the
main allergens is necessary to ensure the reliability
and reproducibility of the testing. Also, storage
conditions as well as use and handling may affect
the test material (31). Further studies to ensure the
stability of patch test material of ox. linalool to be
utilized under patch testing conditions are planned.

This study supports the importance of consider-
ing the problem of air oxidation when patch test-
ing with fragrance terpenes, as the pure compound
added to the perfumed product in many cases is
not the actual sensitizer. Linalool and limonene
belong to the group of fragrance chemicals that
must be labelled on cosmetic products when used
in concentrations >10 p.p.m. in leave-on products
and >100 p.p.m. in rinse-off products, due to their
skin sensitizing capacity according to the Cosmetics
Directive within the EU (32). However, for linalool,
patch testing with the pure compound has shown
no (9) or very few (8, 10) positive patch test reac-
tions, and as a result, the selection of linalool as a
common fragrance allergen to be labelled is ques-
tioned (10). The very low frequency of positive
patch test reactions [7/2396, 0.3% (10)], when not
testing with a controlled oxidation mixture, is, in
our view, in accordance with experimental stud-
ies (11, 12) and with earlier clinical studies (8, 9).
Furthermore, the possibility of reaction to oxidation
products formed in the test material during long test
periods, giving the few positive patch test reactions,
was not discussed (10). Within the EU regulatory
work on the classification and labelling of dangerous
substances (led by the European Chemicals Bureau),
R-limonene and S-limonene, as well as the racemic
form dipentene, are classified as skin sensitizers,
effectively based on the formation of skin sensitiz-
ers resulting from air exposure of limonene (33).
Such a statement needs to be included in the Cos-
metics Directive regarding linalool, limonene and
other chemicals that form allergenic compounds on
air exposure.

Based on the autoxidation potential of linalool,
the International Fragrance Research Association
(IFRA) Standard states that linalool should only be
used when the peroxide level is as low as possi-
ble, and, at maximum, 20 mmol/l, e.g. by use of an
antioxidant at production of the raw material (34).
It has been shown that an antioxidant, such as buty-
lated hydroxytoluene (BHT), can prevent the forma-
tion of oxidation products from limonene for several
months, but that the oxidation process starts imme-
diately at the consumption of the antioxidant (35).
The purity of the raw material as well as storage
temperatures had impact on the time until onset of
autoxidation. No correlation was seen between the
amount of BHT added and the length of time before

autoxidation began (35). It is thus important that the
stability of a fragrance terpene known to autoxi-
dize is controlled not only at production but also in
the finalized product as well as after a certain time
of use and handling. New routines for usage and
handling, involving, e.g. low storage temperatures
or smaller and more air-tight containers, may be in
order.

Linalool is a ubiquitous fragrance chemical, and
contact allergy to linalool may have wide impli-
cations for the patient. Both men and women are
affected alike, interestingly with slightly higher
figures for men, unlike the other fragrance mark-
ers presented in Table 7. With the widespread use of
linalool in domestic and occupational products, both
further sensitizations as well as widespread elicita-
tion of ACD in allergic individuals may be expected.
It was shown in a recent study (2) that also nat-
ural lavender oil, which consists of linalyl acetate
and linalool as main components, autoxidizes in the
same way as the synthetically prepared components,
separately or in mixture. Thus, exposure from aro-
matherapy oils and so-called ‘natural products’ must
also be considered. The present study supports the
need for adequate risk assessment with regard to
what people actually come in contact with. As the
use of fragrances varies over time (36), new rele-
vant markers for fragrance contact allergy have to be
developed. The actual chemicals to which the popu-
lation is exposed need to be continuously reassessed,
revalidated, and studied with regard to allergenic-
ity. The baseline patch test series used for screening
for contact allergy in dermatitis patients should be
continuously revised and updated when needed. The
results from this study indicate that ox. linalool is
an important allergen, which, in our opinion, should
be included in routine testing.

Most toxicological and dermatological data on
fragrance terpenes published so far concern the non-
ox. terpenes as shown in a recent review on linalool
and other terpene alcohols (6). As both the irritant
potential (15) and the sensitizing potential (11, 12,
26) have been shown to differ between ox. and
non-ox. forms of linalool and limonene as well
as for geraniol (37), further studies of the effect
of autoxidation on toxicological and dermatological
aspects of other common fragrance terpenes are
important.

Conclusions

In conclusion, this study shows that contact allergy
to ox. linalool is more common than earlier recog-
nized. As many as 5—7% of the consecutive dermati-
tis patients tested in our populations showed positive
patch test reactions to ox. linalool at 6.0% or 11.0%
pet. This frequency of positive patch test reactions
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places ox. linalool among the most common contact
allergens, in our test population as common as reac-
tions to the FM or the MP. For future patch testing, a
test concentration of 6.0% pet. is suggested. Studies
to further investigate the clinical relevancy of the
positive reactions as well as of the doubtful reac-
tions should be conducted, possibly using repeated
open application test (ROAT) or other use-tests.
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