‘ Contact Dermatitis e Original Article ‘

COD

Contact Dermatitis

Sunflower seeds as eliciting agents of Compositae dermatitis
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Summary

Background. Sunflowers may cause dermatitis because of allergenic sesquiterpene lac-

tones (SLs). Contact sensitization to sunflower seeds has also been reported, but the aller-

gens are unknown.

Objectives. To analyse sunflower seeds for the presence of SLs and to assess the preva-
lence of sunflower sensitization in Compositae-allergic individuals.
Patients/materials/methods. Sunflower-sensitive patients were identified by aimed
patch testing. A dichloromethane extract of whole sunflower seeds was analysed by liquid
chromatography-mass spectrometry and high-performance liquid chromatography.
Results. The prevalence of sensitivity to sunflower in Compositae-allergic individuals
was 56%. A solvent wash of whole sunflower seeds yielded an extract containing SLs, the
principal component tentatively being identified as argophyllin A or B, other SLs being

present in minute amounts.

Conclusions. The concentration of SLs on the sunflower seeds is considered high
enough to elicit dermatitis in sensitive persons, and it seems appropriate to warn
Compositae-allergic subjects against handling sunflower seeds.
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The sunflower family (Compositae, Asteraceae) is one of
the largest plant families of the world. In spite of the vast
number of species, relatively few Compositae plants are of
commercial value. One of the exceptions is the common
sunflower (Helianthus annuus). The sunflower seeds are
the basis of one of the largest plant oil productions world-
wide (1). Sunflowers are used in food, cosmetic, and ani-
mal fodder industries. The flowers are mainly cultivated in
China, Russia, the Ukraine, France, USA, and Argentina.

Contact dermatitis to sunflowers was first reported in
1906 in women picking sunflower seeds, but the allergy
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was not confirmed by patch testing (2). The reports
published in the last century, however, have established
sunflower as an important sensitizer, especially in occu-
pational settings, as reviewed by Hausen and Spring (3).
Sesquiterpene lactones (SLs) have been isolated from
sunflowers in varying amounts in different varieties,
depending both on genetic and environmental factors
(4-7). The leaves contained the largest quantity of SLs,
followed by leaf stalk and veins, whereas only traces
could be isolated from epicotyls and roots (7). The pos-
sible occurrence of SLs in the seeds was apparently not
investigated (7).

The fact that the mother of a Compositae-sensitive
child, seen at our clinic, suspected contact with bird seed
as an eliciting factor in the child’s hand eczema, inspired
us to perform the study reported here. The aims were to
analyse sunflower seeds to detect any SLs and further-
more to assess the prevalence of sunflower sensitization
in Compositae-allergic individuals.
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Materials and Methods

Chemical study

Chemicals. Acetonitrile (MeCN) and dichloromethane
(DCM) [CHROMASOLV® high-performance liquid chro-
matography (HPLC)-grade| and acetic acid (99.7%, ACS
reagent) were from Sigma-Aldrich (Seelze, Germany).
Deionized water was prepared with a SG Ultra-Pure
Water system (Siemens, Barsbiittel, Germany).

Investigation for sesquiterpene lactones in sunflower seed extract.
Fifty gram of organic sunflower seeds (Kornkam-
meret, Lantmdnnen Cerealia A/S, Vejle, Denmark)
were extracted once with 150 ml DCM for 3 min. The
extract was filtered and dried under vacuum (30°C) and
154 mg of DCM extract was obtained resulting in a wt/wt
yield of the crude extract from the starting material of
0.31%. The crude extract was re-dissolved in MeCN for
analysis.

The re-dissolved DCM extract was filtered by a
O-Max syringe filter (13mm @, PTFE membrane
pore size 0.22 pum, Frisenette APS, Knebel, Denmark)
directly into an HPLC vial and analysed by liquid
chromatography-photodiode array-tandem mass spec-
trometry (LC-PDA-MS/MS). LC-MS/MS data were
obtained using a linear quadrupole 2D ion trap mass
spectrometer (LTQ XL; Thermo Scientific, San Jose, CA,
USA) operated in electrospray ionization (ESI) negative
mode, and attached to an Accela HPLC pump and a PDA
detector operating from 200 to 600 nm. Settings for the
mass spectrometer were 45, 3, and O (arbitrary units) for
sheath, auxiliary, and sweep gas flow rates (N,), respec-
tively, a spray voltage of 1.10kV, a vaporizer temperature
of 350°C, a discharge current of 100 pA, and a capillary
temperature of 350°C. The settings for capillary voltage
and tube lens voltage were 17 and 10V, respectively.
Exact mass was determined on an Agilent 6550 iFunnel
quadrupole time-of-flight (Q-TOF) LC-MS (Agilent, Wald-
bronn, Germany) operated in ESI positive and negative
mode. Operating conditions for the Q-TOF MS were as fol-
lows: N, temperature and flow were 225°C and 13 [/min,
respectively. Sheath gas temperature and flow were 400°C
and 12 I/min, respectively. The nebulizer was operated at
20 psig (pound-force per square inch gauge). Dual AJS
ESI was set with following parameters: VCap 4000V,
Capillary 0.066 pA, nozzle voltage 500V and chamber
4.55 pA. MS TOF fragmentor was set at 365V and the
OCT 1 RF Vpp at 750 V. Separations were obtained with
a solvent gradient with A=0.5% acetic acid in H,O,
B=0.5% acetic acid in MeCN on a Luna reversed phase
(RP)-C18 column (2.5 pm; 50 x 2 mm?; Phenomenex®,
Veerlose, Denmark). Solvent gradient: Omin, 10% B;

20 min, 80% B; 25 min, 80% B; 28 min, 10% B. The flow
rate was 0.8 ml/min, column temperature was 35°C, and
injection volume was 10 pl.

Clinical study

A crude short ether extract of sunflowers (flow-
ers/plant — variety name ‘Giganteus’) was prepared at
the Department of Chemical Engineering, Biotechnology
and Environmental Technology according to the method
described by Hausen (8), and the extract was incorpo-
rated into petrolatum 2.5% at the hospital pharmacy,
Odense. The extract was used in aimed patch testing
from 2008. The patch test material was placed on the
back for 2 days, using 8 mm Finn Chambers on Scanpor®
tape (SmartPractice®, Phoenix, Al, USA), and read on
D3/D4 and D7, according to the recommendations of the
ICDRG (9).

Results

Chemical study

The DCM extract was investigated for SLs previously
detected in the trichomes of sunflower (3, 4, 10—12) by
searching for their quasi-molecular ion ([M—H]") in
the total ion current (TIC) chromatogram. The search
resulted in one peak in the TIC chromatogram at reten-
tion time (tz) 17.8 min with an adduct ion in the full MS
corresponding to the SLs argophyllin A or B (Fig. 1) at m/z
379 [M —H]~. MS/MS analysis of the adduct ion at m/z
379 resulted in the following fragment ions at m/z 361
[M-—H-H,0]", 343 [M-H-2xH,0], 335,317, and
83 in accordance with the compound being argophyllin
A or B (10, 13). The exact mass of the quasi-molecular
ion in negative and positive mode of argophyllin A or B
were determined by LC-QTOF-MS: found m/z 379.17572
[M —H]~ calc. for C,oH,,0, m/z 379.17568; found m/z
381.19141 [M+ H]" calc. for C,H,90, m/z381.19133.
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Fig. 1. Chemical structures of the sesquiterpene lactone isomers
argophyllin A and argophyllin B. One of these isomers has been
tentatively identified as being present in commercial available
sunflower seeds.
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Table 1. Distribution of maximum reactions to Compositae extracts and allergens in sunflower-sensitive patients (several tested on separate

occasions in the course of time)

Compositae Sesquiterpene Chrysanthemum  Marguerite Relevance of

Allergen mix Compositae ~ Compositae lactone mix  Parthenolide extract daisy extract Sunflower  sunflower
Patient no. 6% pet. mix 5% pet. mix Il 5% pet. 0.1% pet. 0.1% pet. 3% pet. 3% pet. 2.5% pet. reaction
1 +4+ ++ NT ++ ++ + ++ ++ 0]

2 ++ NT NT +++ +++ ++ ++ +++ D

3 + ++ NT ++ ++ + ++ ++ C

4 +++ +++ NT ++ ++ ++ +++ +++ 0]

5 ++ ++ NT ++ ++ - +/-F + C

6 NT ++ NT ++ +++ ++ ++ ++ Cc/0
7 NT ++ NT ++ ++ - + + 0

8 NT ++ NT ++ ++ ++ +++ ++ ]

9 NT +/—F NT - - NT NT + D

10 NT +++ NT ++ ++ ++ +++ +++ D

11 NT ++ NT ++ ++ + + + D

12 NT ++ NT ++ ++ ++ ++ ++ C

13 +++ ++ NT ++ ++ NT NT ++ C

14 NT NT - + - - +/—F + C

15 NT NT ++ ++ ++ ++ ++ ++ C

16 NT NT +++ +++ +++ ++ ++ ++ C

17 NT NT +++ +++ +++ +++ ++ ++ C

18 NT NT ++ ++ + ++ ++ ++ C

Compositae mix 6% pet. consists of ether extracts of Arnica montana 0.5% pet., Chamomilla recutita 2.5% pet., Tanacetum vulgare 1% pet., Acillea

millefolium 1% pet., and Tanacetum parthenium 1% pet.

Compositae mix 5% pet. consists of ether extracts of Arnica montana 0.5% pet., Chamomilla romana 2.4% pet., Achillea millefolium 1% pet., and

Tanacetum vulgare 1% pet. as well as parthenolide 0.1% pet.

Compositae mix II consists of ether extracts of Arnica montana 0.5% pet., Chamomilla recutita 1.2% pet., Chamomilla romana 1.2% pet., Achillea
millefolium 1% pet., and Tanacetum vulgare 1% pet. as well as parthenolide 0.1% pet.

Sesquiterpene lactone mix consists of alantolactone 0.033% pet., costunolide 0.033% pet., and dehydrostus lactone 0.033% pet.

NT, not tested; +/—, doubtful positive; F, follicular reaction; C, current, O, old, D, don’t know.

Quantification of argophyllin A or B in the DCM extract
was performed by HPLC on a Dionex Ultimate 3000
UHPLC system (Thermo Scientific, Roskilde, Denmark)
equipped with a Charged Aerosol Detector (CAD) using
the same HPLC conditions as described for the LC-MS
analysis. For quantification of argophyllin A or B in the
DCM extract a calibration curve of the SL calocephalin
from a stock solution (1 mg/ml) was used. Calocephalin
was obtained from cushion bush (Leucophyta brownii) as
described previously (14). Based on the calibration curve
the quantity of argophyllin A or B in the investigated sun-
flower seeds was calculated to be approximately 4 pg/g
seeds.

Clinical study

From January 2008 to June 2014, 55 persons were
patch tested with the sunflower extract, and 18 had
positive reactions. As only 32 of the 55 individuals were
Compositae-allergic, the prevalence of sunflower sensiti-
zation was 56%. The 18 persons comprised 4 males with
a mean age of 59 years, and 14 females with a mean age
of 58 years. Details of the patch test reaction pattern are
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presented in Table 1. Usually, the sunflower reactions
were considered relevant if the patient had been exposed
to the plant. The majority of the reactions (14/18) were
considered to be of current and/or old relevance, and 3
were possibly occupationally sensitized (Table 1).

Information on exposure to sunflower seeds was
obtained in 16 patients: 14 ingested/had ingested sun-
flower seeds as part of their diet, most often by eating
sunflower seed-containing rye bread. Three patients used
or had used sunflower seeds when baking, and one of
these reported hand itching which disappeared when she
began using gloves to avoid direct contact with the dough.
The other 2 patients also used gloves when baking. Even
though 9 of 15 patients lived in households feeding wild
birds with seeds, the contact with these seeds was limited
partly because they were often dosed in a cup. None of 15
patients asked kept cage birds at present.

Discussion

In recent years, sunflower seeds have primarily been
reported as a cause of immediate type reactions, rang-
ing from contact urticaria and oral allergy syndrome
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to asthma and anaphylaxis (15-18). The allergens are
proteins such as 2 S albumin and the pan allergen lipid
transfer protein (19, 20).

As mentioned above, the first publication suggesting,
but not proving, contact sensitization to sunflower seeds
appeared as early as 1906 (2). Later, however, Rajka
reported occupational contact dermatitis with positive
patch tests to an aqueous extract of sunflower seeds as
well as positive intracutaneous tests to both sunflower
seeds and linseeds in a plant oil factory worker (21). The
patient was exposed to dust of sunflower and linseed flour
and thus may have been sensitized both by direct contact
and inhalation (21).

Mitchell and Rook in their book ‘Botanical Derma-
tology’ quoted Greenberg and Lester when referring to
dermatitis from picking sunflower seeds in ‘Handbook of
Cosmetic Materials’ from 1954 (22).

Machet etal. described summer-related airborne
contact dermatitis in a French farmer who cultivated
sunflower and lived near a silo. He had positive patch test
reactions to sunflower leaves and flowers as well as arnica
tincture 20% pet., but details on his occupational expo-
sure to sunflower seeds were not reported (23). On the
other hand, a Spanish cowherd with a 2 months’ history
of forehead dermatitis had positive patch test reactions to
sunflower leaves and sunflower plant-containing cattle
fodder (24). The latter probably contained sunflower
seeds (24). However, in both these cases, it is impossible
to distinguish between sensitization to sunflower plants
and sunflower seeds.

The SLs of the sunflower are produced and stored
in multicellular capitate glandular hairs (‘trichomes’)
(5). They cover the stem and leaves, and are especially
abundant in the apical leaves, presumably protecting
the growing shoot against herbivores (4, 6, 7). As long
as the cuticula of the multicellular glands is intact, the
SLs remain in the glandular hairs whether the plant
is fresh or dried (5). However, if the cuticula is dam-
aged, for instance through handling of the sunflower
heads to remove seeds, the SLs are released and may
induce contact sensitization or dermatitis in humans (3).
Over 20 SLs have been isolated and identified from sun-
flower plants including the germacranolides argophyllin
A [molecular weight (MW) 380Da, C,,H,50,], argo-
phyllin B (MW 380Da, C,,H,30,), niveusin A (MW
394Da, C,yH,,04), niveusin B (MW 378Da,
Cy0H,60g), niveusin C (MW 378Da, C,yH,,0g4), 1,2-
anhydridoniveusin A (MW 376Da, C,,H,,0,), 1,2-
anhydrido-4,5-dihydroniveusin A (MW 378Da, C,oH,q
0-), 4,5-dihydroniveusin A (MW 396 Da, C,,H,30y),
1-methoxy-4,5-dihydroniveusin A (MW 410 Da, C,,Hj;,,
Og), 15-hydroxy-3-dehydrodesoxytifruticin (MW 376 Da,

CyoH,40-) as well as other SLs comprising germacrano-
lides and guaianolides with MWs ranging from 230 to
376Da (3-5, 10-12, 25-28). The distribution and
quantity of the single SLs depend both on genetic vari-
ation of different sunflower varieties and on growing
conditions, in particular light, but also soil (for instance
field-grown versus greenhouse-cultivated plants) and
climatic factors in general (3—5, 29, 30). Hausen and
Spring analysed the amount of SLs per capitate glandu-
lar trichome of Helianthus annuus and detected 107 ng
which they considered to be a minimum figure (3). On
the basis of animal studies, they ranked the hemiketal
form of 1-methoxy-4,5-dihydroniveusin A as a strong,
argophyllin B as a moderate, and niveusin C as a weak
sensitizer (3). As the SL content of 50 capitate glandular
trichomes was sufficient to elicit a response, the authors
concluded that handling of sunflower leaves, which may
contain up to 1000 capitate glands per cm?, was suffi-
cient to sensitize humans. In the light of these results,
the seeds are not expected to contain SLs. However, the
possibility cannot be excluded that during harvesting,
seeds can become contaminated with SLs in sufficient
quantity to elicit an allergic reaction in highly sensitized
individuals. Commercial available sunflower seeds that
have previously resulted in allergic reactions were anal-
ysed for the content of SLs previously detected in the
aerial parts of sunflower (3—5, 10-12, 25-30) by LC-
MS. An initial screening of a DCM sunflower seed extract
by LC-MS for SLs indicated the presence of at least one
SL at tg =17.8min in the TIC chromatogram, which
was tentatively identified as argophyllin A or B (Fig. 1).
Argophyllin A and B are structural isomers and have
previously been isolated from the aerial parts of sunflower
and shown to be highly antifeedant compounds (4). The
MS/MS analysis of the quasi-molecular ion in negative
mode (m/z 379 [M — H] ") appearing at t; = 17.8 min and
the exact mass of this quasi-molecular ion in negative and
positive mode were in accordance with the compound
being argophyllin A or B (see Materials and Methods).
A complete identification of argophyllin A or B based
on the MS data was, however, not possible and would
require pure standards of these SLs for comparison. The
investigations also indicated the presence of a few other
SLs in the seed extract but the MS data were inconclusive
for identification. The quantity of argophyllin A or B was
determined by HPLC-CAD to be approximately 4 pg/g
seeds, based on a calibration curve of the SL calocephalin.
For comparison, the amount of the weak SL allergen
lactucin in a 1% pet. preparation in a Finn Chamber®?
holding 20 mg, would be 200 pg, and this amount is
sufficient to elicit reactions in sensitive persons (31). As
sunflower bread recipes may include 100 g sunflower
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seeds, a quantity of 4 pg of argophyllin A or B per gram
seeds would mean an exposure to 400 pg of SLs, which is
expected to be high enough to elicit an allergic reaction
in sunflower-sensitive patients. This is in accordance
with a report from 1 of our patients handling a sunflower
seed-containing dough without gloves.

Concerning the prevalence of sunflower sensitization,
some older studies from Eastern Europe have reported
quite high figures. According to Mitchell and Rook, 3.12%
of 1197 patch tests with sunflower leaves were positive
in a Hungarian investigation (22). In another Hungarian
study, Szego patch tested 350 in-patients with infusions
and/or decoctions made of leaves from nine agricultural
plants, and 15 had positive reactions to either the infu-
sion or the decoction of sunflower leaves (32). This cor-
responded to 4.3% of all tested and made sunflower the
fourth in the ranking of the nine plants which all elicited
positive reactions. The patients were not selected and
included both farm workers and town dwellers. The high
prevalence may be due to occupational exposure since
sunflower was cultivated in that area (32). Sunflower sen-
sitization was also reported by Shelmire in the USA and
in 3 of 6 Danish patients with Compositae dermatitis (22,
33). This is in accordance with the fact that Helianthus

References

species are moderate to strong sensitizers which often
cross-react with other Compositae plants (30, 34).

The patients of the present study are selected as only
Compositae-sensitive persons are included, and conse-
quently, the prevalence of patch test sensitivity is higher
than any previously reported. The common feature in the
majority of these middle-aged patients is a broad sensi-
tization pattern to Compositae with positive reactions to
both plant extract-based Compositae mixes and pure aller-
gens of the SL mix and parthenolide. Even though most
of the sunflower reactions were considered relevant, it is
of course impossible to distinguish between primary sen-
sitization and cross-reactions in humans. According to
Hausen, cross-reactivity to sunflower is often occurring
in persons sensitized to chrysanthemum (30). This may
explain the positive sunflower reactions in 3 of the 4 sub-
jects with unknown relevance: they had positive reactions
to chrysanthemum.

In view of the high prevalence of relevant sunflower
sensitization among non-occupationally exposed per-
sons, the possible exposure through food and wild bird
seeds, and the detection of SLs on the seeds, it seems
appropriate to warn Compositae-allergic subjects against
handling sunflower seeds.

1

(31

~

Crawford G H, McGovern T W. Botanical

briefs: the sunflower — Helianthus species L.

Cutis 2003: 71: 110-112.

Dreyer . Eine neue Pflanzendermatitis.
Miinch med Wschr 1906: 53: 943.
Hausen B M, Spring O. Sunflower allergy.
On the constituents of the trichomes of
Helianthus annuus L. (Compositae). Contact
Dermatitis 1989: 20: 326—-334.

Chou J C, Mullin C A. Distribution and
antifeedant associations of sesquiterpene
lactones in cultivated sunflower
(Helianthus annuus L.) on western corn
rootworm (Diabrotica virgifera virgifera
LeConte). ] Chem Ecol 1993:19:
1439-1452.

Spring O, Bienert U, Klemt V.
Sesquiterpene lactones in glandular
trichomes of sunflower leaves. | Plant
Physiol 1987:130: 433-439.

Spring O, Bienert U. Capitate glandular
hairs from sunflower leaves: development,
distribution and sesquiterpene lactone
content. ] Plant Physiol 1987: 130:
441-448.

Spring O, Priester T, Stransky H, Hager A.
Sesquiterpene lactones in sunflower
seedlings: distribution in the plant and
occurrence in genetic varieties as
determined by an isocratic HPLC

e}

Nel

10

11

12

13

technique. J Plant Physiol 1985: 120:
321-329.

Hausen B M. A simple method for
extracting crude sesquiterpene lactones
from Compositae plants for skin tests,
chemical investigations and sensitizing
experiments in guinea pigs. Contact
Dermatitis 1977: 3: 58—-60.

Lindberg M, Matura M. Patch testing. In:
Contact Dermatitis, 5th edition, Duus
Johansen J, Frosch P ], Lepoittevin J-P
(eds): Berlin, Heidelberg, Springer-Verlag,
2011: pp. 439-464.

Rowe H C, Ro D, Rieseberg L H. Response of
sunflower (Helianthus annuus L.) leaf
surface defenses to exogenous methyl
jasmonate. PLos ONE 2012:7:e37191.
Macias F A, Torres A, Molinillo ] M G,
Varela R M, Castellano D. Potential
allelopathic sesquiterpene lactones from
sunflower leaves. Phytochemistry 1996:
43:1205-1215.

Spring O, Benz T, Ilg M. Sesquiterpene
lactones of the capitate glandular
trichomes of Helianthus annuus.
Phytochemistry 1989: 28: 745-749.
Watanabe K, Ohno N, Yoshioka H,
Gershenzon J, Mabry T J. Sesquiterpene
lactones and diterpenoids from Helianthus

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis

14

15

16

17

18

19

20

argophyllus. Phytochemistry 1982: 21:
709-713.

Paulsen E, Christensen L P, Hindsén M,
Andersen K E. Contact sensitization to
calocephalin, a sesquiterpene lactone of
the guaianolide type from cushion bush
(Leucophyta brownii, Compositae). Contact
Dermatitis 2013: 69: 303-310.

Duran S, Delgado J, Gamez R et al. Contact
urticaria from sunflower seeds. Contact
Dermatitis 1997: 37: 184.

Rodriguez B, Rodriguez A, de Barrio M,
Tornero P, Baeza M L. Asthma induced by
canary food mix. Allergy Asthma Proc
2003:24:265-268.

Asero R, Mistrello G, Roncarolo D, Amato
S. Airborne allergy to sunflower seed. |
Investig Allergol Clin Immunol 2004: 14:
244-246.

Axelsson I GK, Thre E, Zetterstrom O.
Anaphylactic reactions to sunflower seed.
Allergy 1994: 49: 517-520.

Kelly J D, Hefle S L. 2S methionine-rich
protein (SSA) from sunflower seed is an
IgE-binding protein. Allergy 2000: 55:
556-560.

Yagami A. Anaphylaxis to lipid transfer
protein from sunflower seeds. Allergy
2010: 65:1340-1341.



SUNFLOWER SEEDS CAUSING COMPOSITAE DERMATITIS e PAULSEN ET AL.

21

22

23

24

25

26

Rajka E. Durch Sonnenblumen- und
Leinsamen verursachte Hautentziindung
als Berufskrankheit. Int Arch Allergy Appl
Immunol 1950: 1: 160-171.

Mitchell J C, Rook A. Botanical
Dermatology. Plants and Plant Products
Injurious to the Skin: Vancouver,
Greengrass, 1979.

Machet L, Vaillant L, Callens A, Demasure
M, Barruet K, Lorette G. Allergic contact
dermatitis from sunflower (Helianthus
annuus) with cross-sensitivity to arnica.
Contact Dermatitis 1993: 28: 184-185.
GoémezE, Garcia R, Galindo P A, Feo T,
FernandezF J. Occupational allergic
contact dermatitis from sunflower. Contact
Dermatitis 1996: 35: 189-190.

Spring O, Albert K, Hager A. Three
biologically active heliangolides from
Helianthus annuus. Phytochemistry 1982:
21:2551-2553.

Melek F R, Gage D A, Gershenzon J, Mabry
T]J. Sesquiterpene lactone and diterpene

27

28

29

30

constituents of Helianthus annuus.
Phytochemistry 1985: 24:1537-1539.
Macias F A, Varela R M, Torres A, Molinillo
J M G. Potential allelopathic guaianolides
from cultivar sunflower leaves, var.
SH-222. Phytochemistry 1993: 34:
669-674.

Joel D M, Chaudhuri S K, Plakhine D,
Ziadna H, Steffens J C. Dehydrocostus
lactone is exuded from sunflower roots and
stimulates germination of the root parasite
Orobanche cumana. Phytochemistry 2011:
72:624-634.

Spring O, Priester T, Hager A.
Light-induced accumulation of
sesquiterpene lactones in sunflower
seedlings. ] Plant Physiol 1986: 123:
79-89.

Hausen B M, VielufI K.
Allergiepflanzen/Pflanzenallergene.
Handbuch und Atlas der
allergie-induzierenden Wild- und
Kulturpflanzen. Kontaktallergene.

31

32

33

34

Allergische Friihreaktionen, 2nd edition:
Landsberg, Ecomed Verlagsgeselschaft
mbH, 1997.

Paulsen E, Andersen K E, Hausen B M.
Sensitization and cross-reaction patterns
in Danish Compositae-allergic patients.
Contact Dermatitis 2001: 45: 197-204.
Szego L. Sensibilisation durch
landwirtschaftliche Pflanzen und
Pflanzenschutzmitteln. I. Untersuchungen
mit Pflanzen-(Blatt)-Extrakten. Acta Med
Hung 1965: 21: 19-24.

Hjorth N, Roed-Petersen J, Thomsen K.
Airborne contact dermatitis from
Compositae oleoresins simulating
photodermatitis. Br ] Dermatol 1976: 95:
613-620.

Zeller W, de Gols M, Hausen B M. The
sensitizing capacity of Compositae plants
VI. Guinea pig sensitization experiments
with ornamental plants and weeds using
different methods. Arch Dermatol Res
1985:277:28-35.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Contact Dermatitis



