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Summary

Background Compositae dermatitis confined to exposed skin has often been consid-
ered on clinical grounds to be airborne. Although anecdotal clinical and plant
chemical reports suggest true airborne allergy, no proof has been procured.
Feverfew (Tanacetum parthenium) is a European Compositae plant suspected of caus-
ing airborne contact allergy, and its most important allergen is the sesquiterpene
lactone (SQL) parthenolide (PHL).
Objectives The aims of this study were to (i) assess the allergenicity of feverfew-
derived monoterpenes and sesquiterpenes and their oxidized products in fever-
few-allergic patients and (ii) re-assess the role of PHL and other SQLs in airborne
contact allergy.
Patients and methods Feverfew-allergic patients were patch tested with extracts and
fractions containing volatile monoterpenes and sesquiterpenes as well as extracts
of airborne particles from flowering feverfew plants, obtained by fractionation of
ether extracts, dynamic headspace and high-volume air sampler (HIVAS) tech-
nique, respectively.
Results Among 12 feverfew-allergic patients, eight had positive patch-test reactions
to a HIVAS filter extract, while two tested positive to a headspace extract. Subse-
quent analysis of the HIVAS extract by gas chromatography and mass spectro-
metry detected PHL in a concentration of 510 ng mL)1 in the HIVAS extract.
Testing with a dilution series of PHL showed positive reactions down to 8Æ1 ng
in selected patients. None of the 12 patients tested positive to monoterpenes or
sesquiterpenes, whether they were oxidized or not.
Conclusions The clinical results have proved that some feverfew-allergic patients are
sensitive to airborne particles released from the plant, and isolation of PHL from
the particle-containing HIVAS extract in allergenic amounts is strong evidence of
PHL as the responsible allergen.

The classical form of Compositae dermatitis is an airborne pat-

tern eczema, first described in the U.S.A. as weed dermatitis

in the 1930s, and 30–40 years later in India as Parthenium

dermatitis and in Australia as Australian bush dermatitis.1–3

The hypothesis of airborne allergens has been much debated

since then, and although the clinical features, the allergenicity

of dried plant parts and positive patch-test reactions to a filter

from a high-volume air sampler (HIVAS) as well as to air-dried

clothing are suggestive of true airborne contact allergy, no def-

inite proof has been established.1–7 Furthermore, a European

equivalent to airborne Compositae dermatitis has been ques-

tioned because of the humid, colder, climatic conditions.8

Feverfew [Tanacetum parthenium (L.) Schultz-Bip.] is a frequent

sensitizer in European Compositae-allergic patients.9,10 On the

basis of case reports, this plant, which is native to south east

Europe and partly naturalized from gardens in Northern Eur-

ope, has been considered to be a cause of airborne contact

dermatitis (ABCD).11,12 Its main allergenic sesquiterpene lac-

tone (SQL) is parthenolide (PHL, Fig. 1),11 which may consti-

tute up to 0Æ9% of dry weight in aerial parts of the plant.13,14

However, experimental studies using HIVAS and dynamic

headspace (DHE) techniques around feverfew plants failed to

detect both particle-bound and volatile PHL.14 The volatiles

emitted from feverfew plants were mainly monoterpenes, but

as only a minority of feverfew-allergic patients tested positive

to these, their contribution to airborne Compositae dermatitis

seemed to be of small significance.15

On the other hand, it has been established, notably in fra-

grance research, that oxidized monoterpenes are often stronger

allergens than the nonoxidized substances.16 Therefore, the aims
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of this study on airborne Compositae dermatitis were to

(i) assess the allergenicity of feverfew-derived monoterpenes

and sesquiterpenes and their oxidized products in feverfew-

allergic patients and (ii) re-assess the possible role of PHL and

other SQLs in view of more accurate and sensitive gas chromato-

graphy–mass spectrometry (GC-MS) methods available with

lower detection and quantification thresholds compared with

GC-MS techniques used previously for detection of airborne

SQLs.14

Patients, materials and methods

Patients

Adults, who by previous patch testing in our clinic had had at

least 2+ reactions to feverfew extract 1% petrolatum (pet.)

and PHL 0Æ1% pet., were invited to participate in the study.

Exclusion criteria were pregnancy, treatment with systemic

steroid or other immunosuppressive or -modulating drugs as

well as recent ultraviolet (UV) radiation therapy.

Patch-test materials were applied to the patient’s back for

48 h using Finn Chambers� (Epitest Ltd, Helsinki, Finland)

on Scanpor� (Scanpor Alpharma AS, Oslo, Norway), and read-

ings were taken on day 3 according to the criteria of the

International Contact Dermatitis Research Group.17

All participants gave their written, informed consent, and in

general the study followed the Declaration of Helsinki proto-

cols and was approved by the local ethics committee (case no.

20040123).

Plant material and parthenolide content

Twelve specimens of T. parthenium (L.) Schulz Bip. were grown

in a greenhouse at 17–23 �C in 20-L pots and watered daily.

Plants were grown under natural light conditions. The concen-

tration of PHL (Fig. 1) in the aerial parts of the feverfew

plants was �0Æ2% of dry weight as determined by analytical

reversed-phase high performance liquid chromatography using

acetonitrile–water as mobile phase.13,14

Analysis for parthenolide in high-volume air sampler

filters

A HIVAS (Air sampler #15000, The Science Source, Waldo-

boro, ME, U.S.A.) was placed in a closed chamber of

1Æ5 · 1Æ5 · 1Æ5 m in a greenhouse together with eight flower-

ing feverfew plants at a distance of 15–20 cm from the plants.

The sampler was mounted with filter disks capturing plant

particles down to 4 lm in size, and equipped with a cap pro-

tecting the filter from direct contact with the plants so only

airborne particles released from the plants were collected. The

air sampler collected airborne particles 8 h a day over a 16-h

time period (from 06Æ00 to 22Æ00) with a 30-min pause each

hour in order to avoid overheating. The sampling of airborne

particles was performed at 18–20 �C over a 6-day period. The

average flow rate through the air sampler was measured to

215 L min)1. The HIVAS filter was changed once a day and

kept in a 250-mL blue-cap flask at )24 �C until analysis. In

total six HIVAS filters were obtained, which were randomly

divided into two groups with four (group I) and two (group

II) HIVAS filters, respectively.

The HIVAS filters in groups I and II were extracted with

50 mL 96% ethanol, filtered, and the eluates combined and

concentrated in vacuo (30 �C) to 50 mL each for testing as is on

Compositae-sensitive patients and/or analysis. Only the HIVAS

extract obtained from the group I filters was tested on patients

and after testing, both the group I and II filter extracts were

analysed by GC-MS for PHL and other SQLs. GC-MS analysis

was performed on a Trace DSQ single quadrupole mass spec-

trometer operated at 70 eV and directly coupled to a Trace GC

Ultra gas chromatograph (both, Thermo Finnigan, Austin, TX,

U.S.A.) equipped with a split/splitless PTV injector (split flow

10 mL min)1, 200 �C) and a Zebron capillary column

(30 m · 0Æ25 mm internal diameter, film thickness df ¼
0Æ25 lm, ZB-1, Phenomenex, Torrance, CA, U.S.A.). Helium

was the carrier gas at a constant column head pressure of

10 psi. The temperature of the column and transfer line was

200 �C. GC-MS was performed on 2 lL HIVAS extract. Com-

pounds in the HIVAS extract were separated by the following

oven temperature gradient: 32 �C for 1 min, programmed to

260 �C at 10 �C min)1 followed by constant temperature for

20 min. The mass spectrometer was operated in full scan

mode over a mass range from 39 to 650 amu (1 scan g)1)

and analysed for PHL and other SQLs. PHL was the only SQL

detected in the HIVAS extracts, and in order to improve the

sensitivity for detection of PHL by GC-MS a selected ion mon-

itoring (SIM) acquisition method was developed. PHL was

detected by GC-MS SIM by setting the mass selective detector

to repeatedly scan for the following ions m/z 145, 190 and

248 (molecular ion). PHL was repeatedly identified in the

HIVAS extracts in full and SIM scan modes by comparison

with an authentic standard of PHL (Sigma-Aldrich, Steinheim,

Germany).

Quantification of PHL in the HIVAS extracts was per-

formed in SIM mode using PHL as external standard. The

calibration curve was determined to be linear in the concen-

tration range 50–1000 ng mL)1 (r2 ¼ 0Æ988). The detection

limit of PHL was determined from the calibration curve to

be �20 ng mL)1 [Signal to noise (S/N) ¼ 10] in SIM

scan mode and the quantification limit to be 50 ng mL)1

(S/N ¼ 3).

O

O

Parthenolide (PHL)

O

Fig 1. Chemical structure of the sesquiterpene lactone parthenolide

(PHL) present in the aerial parts of Tanacetum parthenium (feverfew).
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Isolation of volatiles from feverfew

Volatiles were isolated from aerial parts of feverfew plants by

DHE and column chromatography (CC), respectively, for test-

ing. Volatiles emitted from feverfew were collected from the

closed chamber mentioned above by DHE technique as

described previously with a few alterations.14 Volatiles were

collected directly from the chamber in a 100-mL pipette

equipped with 50 g Porapak Q 50–80 mesh (Waters, Milford,

MA, U.S.A.), and eluted with diethyl ether, concentrated to a

final volume of 300 lL14 and dissolved in 5 mL 96% ethanol.

Four DHE collections were made and the extracts combined to

one headspace extract (20 mL), which was used for testing

and for oxidation experiments. The combined headspace

extract was analysed by GC and GC-MS as described previous-

ly.14 The total concentration of the volatiles in the ethanol

headspace extract was > 1% and used for testing as is.

Volatiles were extracted with 2 L of diethyl ether from

800 g aerial parts of feverfew plants for 60 min. The diethyl

ether extract was concentrated in vacuo (30 �C) to 10 mL. Vola-

tiles were isolated from the extract by silica gel CC using an

n-hexane-diethyl ether gradient. Fractions containing volatiles

only and no PHL were combined, the solvent removed in vacuo

(30 �C), and the residue dissolved in 40 mL 96% ethanol for

testing and oxidation.

Oxidation by ultraviolet radiation of volatiles isolated by

dynamic headspace and column chromatography

The combined DHE extract and the extract obtained by CC

were purged with O2 and oxidized for 30 min using a UV-

immersion lamp reactor (Sigma-Aldrich) equipped with a

400-mL reaction vessel made of borosilicate glass. The photon

source was provided with a TQ 150 high-pressure Hg lamp

with linkage and condenser made of silica (Sigma-Aldrich).

Analysis of the oxidized extracts by GC-MS revealed quantita-

tive, but no qualitative, differences in the volatile profile com-

pared with the nonoxidized extracts.

Results

Clinical studies

Twelve people (11 female, one male, mean age 54 years) with

contact sensitization from feverfew and PHL were recalled for

patch testing with extracts and fractions containing volatile

monoterpenes and sesquiterpenes as well as HIVAS filter

extracts of airborne particles from feverfew plants. The results

of the initial patch testing, including repeated testing with the

crude feverfew extract and PHL, are summarized in Table 1.

Contrary to former results, the subjects were mainly positive

to airborne fractions: eight of 12 tested positive to an extract

from HIVAS filters, and two of 12 had positive reactions to an

extract collected by the DHE technique. On the other hand, no

one tested positive to the monoterpene and sesquiterpene

fraction. Ten consecutive eczema patients tested negative to

the HIVAS filter extract as well as to the oxidized and nonoxi-

dized headspace extracts. After PHL had been detected in the

extract from the HIVAS filters in minute amounts, it was

decided to retest some of the eight people with positive reac-

tions to the crude extract in order to determine the threshold

elicitation concentration of PHL. Two dilution series of PHL,

incorporated in a dry film using the TRUE Test� technology,

were kindly provided by Mekos Laboratories AS (Hillerød,

Table 1 Results of patch testing with oxidized and nonoxidized extracts from feverfew, collected by HIVAS, DHE or direct extraction, in 12

feverfew-allergic patients

Patient no. 1 2 3 4 5 6 7 8 9 10 11 12

Sex/age (years) F/48 F/55 F/42 F/59 F/53 F/48 M/79 F/47 F/61 F/55 F/52 F/59

Allergen
Feverfew 1% pet. ++ ++ ++ +++ ++ +++ ++ ++ ++ +++ ++ ++

PHL 0Æ1% pet. +++ ++ ++ +++ +++ +++ ++ +++ ++ +++ +++ +++
l-Carvone 1% pet. – – – – – – 0 + – 0 foll. – 0 foll.

l-Carvone 5% pet. 0 foll. 0 0 – – – 0 0 – ++ 0 0
Nonoxidized monoterpenes and sesquiterpenes – – 0 – – – – – 0 – – –

Oxidized monoterpenes and sesquiterpenes – – 0 – – – 0 – 0 0 foll. – –
HIVAS filter extract ++ + ++ – – + ++ – ++ ++ 0 ++

Nonoxidized DHE extract – – 0 foll. – – – ++ – – + – –
Oxidized DHE extract – – 0 foll. – – – + 0 – – – 0 foll.

HIVAS filter under Scanpor� – – – – – – – – – – – –
HIVAS filter in FC under Scanpor� 0 – – – – – – – – – – –

Colophonium 1500 lg cm)2 + – – – – – ++ + – – – –
FM I 450 lg cm)2 ++ – – ++ ++ ++ + – – ++ ++ –

Feverfew p.s. No No No Yes Yes No Yes ? No Yes No Yes
ABCD suspected by patient No Yes No No Yes No Yes No Yes Yes Yes Yes

F, female; M, male; PHL, parthenolide; HIVAS, high-volume air sampler; DHE, dynamic headspace; FC, Finn Chamber; FM I, fragrance mix

I; p.s., primary sensitizer; ABCD, airborne contact dermatitis; foll., follicular reaction; 0, doubtful positive reaction.
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Denmark). The results are shown in Table 2: two of five per-

sons tested positive to 30 and 10 ng PHL, corresponding to

24Æ3 and 8Æ1 ng per patch as a TRUE Test� allergen occupies

0Æ81 cm2.

Six patients were sensitized by gardening, and three of these

reported feverfew to be one of the primary sensitizers,

whereas four were occupationally sensitized as gardeners/

greenhouse workers or sandwich makers. The last two pati-

ents were both privately and occupationally sensitized by

gardening.

Chemical studies

The particles and volatiles collected by HIVAS and DHE tech-

niques, respectively, were derived from several feverfew plants

in a greenhouse instead of single specimens to imitate the nat-

ural outdoor conditions and ensure a sufficient amount of any

volatile allergen for patch testing.

PHL was detected using GC-MS SIM by repeatedly scanning

for the following ions m/z 145, 190 and 248 (molecular ion),

which are some of the characteristic and/or major ions in the

mass spectrum of PHL. The retention time for PHL was

23Æ9 min and was repeatedly identified in the combined

HIVAS extracts in full and SIM scan mode by comparison with

an authentic standard of PHL as illustrated in Figure 2.

PHL in the combined HIVAS extracts used for testing

(group I) was determined to be 510 ng mL)1 HIVAS extract

corresponding to an average release of �800 ng PHL h)1 or

100 ng PHL h)1 per feverfew plant. The presence of PHL was

also detected in the group II HIVAS extracts that were not

used for testing. The concentration of PHL in this combined

HIVAS extract corresponded to an average release of �310 ng

PHL h)1 or 40 ng PHL h)1 per feverfew plant, thus confirm-

ing that PHL was released over the whole collection period,

but, as expected, not released uniformly.

Table 2 Results of patch testing with two dilution series of
parthenolide

Patient no. 2 3 7 9 12

Sex/age (years) F/55 F/42 M/79 F/61 F/59
PHL concentration

0Æ010 mg cm)2 NT NT NT NT +++
0Æ0033 mg cm)2 ++ ++ NT ++ ++

0Æ0011 mg cm)2 ++ ++ NT ++ +++
0Æ00037 mg cm)2 0 foll. + foll. NT ++ ++

0Æ00012 mg cm)2 0 foll. – NT ++ ++

0Æ060 lg cm)2 – – + foll. ++ ++
0Æ030 lg cm)2 – 0 foll. 0 + ++

0Æ010 lg cm)2 – – – 0 +
0Æ0030 lg cm)2 – – – – 0 foll.

0Æ0010 lg cm)2 – – – – –

PHL, parthenolide; F, female; M, male; 0, doubtful positive
reaction; foll., follicular reaction; NT, not tested.
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Fig 2. Gas chromatography–mass

spectrometry (GC-MS) selected ion

monitoring (SIM) chromatogram of a

standard sample of parthenolide (PHL) in a

concentration of 500 ng mL)1 and the

combined high-volume air sampler (HIVAS)

extract, respectively. PHL was detected at

23Æ9 min in SIM and full scan mode (m/z

39–650) in both samples. The selected ions in

the GC-MS SIM acquisition method were m/z

145, 190 and 248 [molecular ion (M)+].
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Analysis of the combined headspace extract by GC-MS

revealed the monoterpenes camphene, p-cymene, camphor,

trans-chrysanthenol and trans-chrysanthenyl acetate as the major

volatiles, and no PHL was detected in the extracts in accord-

ance with previous investigations.14

The major terpenes in the monoterpene and sesquiterpene

extract were camphor and trans-chrysanthenyl acetate as

shown by GC-MS,14 although the concentrations of oxygen-

ated monoterpenes such as bornyl acetate were higher in this

extract compared with the headspace extract. The total con-

centration of the volatiles in this ethanol extract was > 2%

and tested as is.

Discussion

Although Hjorth et al.,4 in their frequently quoted paper on

Compositae dermatitis in Danish patients, emphasized the air-

borne pattern, later studies have shown a greater diversity of

clinical features in European Compositae-allergic patients,

which is probably why the existence of airborne Compositae

dermatitis in Europe has been doubted.8,18,19

Concerning feverfew, anecdotal reports have been suggest-

ive of the plant as a cause of ABCD based on clinical features

and information on exposure.11,20

However, this is the first study where several feverfew-aller-

gic patients consistently showed positive patch-test reactions

to airborne fractions that were subsequently proved to contain

PHL. This allergen is not volatile, so its presence must be due

to plant particles containing traces of PHL.14 PHL is probably

synthesized in glandular trichomes on the leaf surface as it has

been reported in other allergenic Compositae species.21 The

concentration of PHL in the HIVAS extract of 510 ng mL)1

would allow an amount of �8 ng per Finn Chamber�, pro-

viding that the chamber contained 15 lL. However, the parti-

cle-bound PHL was probably unevenly distributed, and

furthermore, the extract was not applied by a micropipette,

but by capillary tubes, which would lead to a higher concen-

tration of PHL in the Finn Chamber�.

The fact that some of the subjects were very sensitive to

the allergen, reacting positively down to 8Æ1 ng, is strong

evidence of PHL as the allergen causing the reactions to the

HIVAS extract. The average amount of PHL released from a

single test plant in this study was 100 ng h)1, meaning that

a border of feverfew plants may release milligrams of the

allergen, which would be sufficient to elicit reactions in

moderately sensitive persons: among the five subjects tested

with the PHL dilution series, the least sensitive tested posi-

tive to 0Æ0011 mg cm)2 corresponding to < 1 lg per test

area. Furthermore, the feverfew plants used in this study

contained 0Æ2% PHL of dry weight in the aerial parts, but

concentrations of up to 0Æ9% PHL of dry weight in leaves

has been reported previously as well as concentrations

exceeding 1Æ2% PHL of dry weight in leaves of post-flower-

ing feverfew plants.13 So the release of PHL under real-life

conditions may be even higher as those reported in the pre-

sent study.

The fact that PHL elicits patch-test reaction on normal skin

on the back of some PHL-sensitive patients in a dose of 10 ng

in a TRUE Test� patch makes it one of the most powerful

contact allergens in the environment.22 Dermatitic skin on

exposed areas may be even more sensitive. PHL has been isol-

ated from a number of other Compositae plants such as, e.g.

tansy (T. vulgare), Anthemis cretica, Inula aschersoniana, Ambrosia and

Arctotis spp. as well as members of the Magnoliaceae family,23

and furthermore there is evidence of true cross-reactivity

between PHL and the allergens of the popular Chrysanthemum

indicum L. [Dendranthema indicum (L.) Desm.].24 The implications

are that it may be quite difficult to avoid this strong allergen

and closely related compounds.

The degree of sensitivity to PHL varied in the five subjects

tested with the dilution series (Table 2): the most sensitive

patient (no. 12), who was diagnosed with Compositae allergy

in 2004, reported feverfew as a primary sensitizer and still

had problems with summer-exacerbated eczema. On the other

hand, the second most sensitive person (patient no. 9) was

diagnosed with Compositae allergy in 2003, probably sensiti-

zed by gardening, but not feverfew, and her hand eczema was

well controlled now.

The relation between the patients’ suspicion of ABCD and a

positive reaction to the HIVAS extract was not unambiguous,

but in five of the eight patients the two parameters were coin-

cident. Feverfew as a primary sensitizer was not associated

with positive reactions to the HIVAS extract.

As expected, PHL was not detected in the headspace extracts

and neither were other SQLs. The positive reactions to nonoxi-

dized/oxidized extracts in two patients thus could not be

explained by their SQL allergy, but patient no. 7 had a colo-

phonium and patient no. 10 a fragrance allergy, and it is

possible that their headspace extract reactions are due to cross-

reactivity between volatile terpenes from feverfew and

terpenes in colophonium and fragrance mix I. Cross-reactivity

between fragrance terpenes, colophonium and Compositae

plant extracts has been reported before, although it is not

invariably seen in all patients as documented in this study.25

Likewise, there was no association between positive reactions

to fragrance mix/colophonium and the extract from the

HIVAS filters. Also, all people in this study tested negative to

the monoterpene and sesquiterpene fraction isolated directly

from feverfew plants, whether the fraction was oxidized or

not, emphasizing that these are not primary allergens.

Carvone was included in the patch-test series due to a pre-

viously reported association between sensitization to this mon-

oterpene and Compositae extracts.26 Two of the 12 subjects

tested positive (Table 1), and the allergy was of old relevance

in one and unknown relevance in the other, making true

cross-reactivity a possibility in the latter.

In conclusion, the clinical part of this study has proved

that feverfew-allergic patients are sensitive to airborne

and—to a lesser degree—volatile fractions from feverfew,

and the subsequent isolation of the SQL PHL from the parti-

cle-containing airborne fraction in amounts sufficient to elicit

positive patch-test reactions in the same patients is strong
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evidence of PHL as the allergen responsible for ABCD in

feverfew-allergic patients. In accordance with previous stud-

ies, monoterpenes and sesquiterpenes seem to be of minor

importance.14,15
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