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In six persons with contact allergy to chrysanthemum of florists, patch tests were per-
formed with 25 sesquiterpene lactones. Positive responses were observed to 15 lactones.
The most frequently encountered positive responses were to alantolactone (positive in all
cases) and to arbusculin A, 8-deoxycumambrin, ambrosin, damsin and psilostachynin. The
findings corroborate the assumption that an a-methylene group attached to the y-lactone
ring is an essential prerequisite for allergenic activity of sesquiterpene lactones. Pyrethrum
produced a positive reaction in one of the patients, pyrethrins gave negative reactions in
all. Some of the chrysanthemum patients were also hypersensitive to turpentine and

colophony and to garlic, primin and tars.
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The chrysanthemum is one of the most com-
mon causes of allergic contact dermatitis
among florists and horticulturists (Hausen
& Schulz 1973). Previously we studied nine
patients with strong skin reactions to chry-
santhemum of florists (Chrysanthemum X
morifolium, Ram or Chrysanthemum indi-
cum L, Compositae family of plants) and
found that the highest skin reactivity was
present in alcohol extracts of leaves and
flowers (Bleumink et al. 1973). All cultivars
assayed thus far, and obtained both from
western-European and Japanese horticultur-
ists, were found to be skin reactive. Six out of
seven patients with a chrysanthemum allergy
showed positive skin responses to a sesquiter-
pene lactone, alantolactone (Fig. 1). Two

out of four also reacted upon challenge with
cumambrin A (Fig. 2, formula 11).
Sesquiterpene lactones also were found
to be immunologically active in two chry-
santhemum sensitive patients studied by Mit-
chell and his co-operators (1970, 1974).

Fig. 1. Formula of alantolactone.

A common feature of 'allergenic sesquiterpene
lactones is the vy-butyrolactone ring (—) with
an exocyclic o-methylene group ().



82 CHRYSANTHEMUM DERMATITIS

Schulz et al. (1975) performed patch tests
with parthenolide and alantolactone in five
patients allergic to chrysanthemum of flor-
ists. All patients showed positive tests to
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parthenolide and two out of five to alanto-
lactone. No positive reactions were found
to pyrethrins (constituents with insecticidal
properties, present in pyrethrum products
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Fig. 2. Formulae of sesquiterpene lactones, tested in 6 patients allergenic to chrysanthemum.

The numbers correspond to those in Table 2.
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and derived from certain Chrysanthemum
species), to oil of turpentine and to a series
of oxydation products of terpenes.

In this communication we report the re-
sults of patch tests with a series of 25 ses-
quiterpene lactones in six persons with a
contact allergy to chrysanthemum. These
lactones represent the different classes of
potentially allergenic components which are
present in many members of the Compositae
family of plants (Mitchell et al. 1970,
1972b).

Materials and Methods

Patch tests were performed according to
methods of the International Contact Der-
matitis Research Group (Bandmann & Fre-
gert 1973). On the patches (Scandinavian
silver patch test units from van der Bend,
Brielle, The Netherlands) 10 yl of the test
substances was applied. The reactions were
read after 48 h by two investigators.

A total of 25 sesquiterpene lactones were
assayed (Table 2 and Fig. 2). The relevant
data concerning these lactones has been
given earlier (Mitchell et al. 1970, 1972b).
All the substances, except alantolactone,
were isolated and purified in the Depart-
ment of Chemistry, University of California,
Los Angeles, USA and all but one proved
homogeneous after extensive chemical anal-
ysis. Deacetomatricarin (Fig. 2, 16) was
found to contain small amounts of an g-
methylene-butyrolacton derivative. Alanto-
lactone was obtained commercially (Sigma,
St. Louis, USA) and was purified to remove
iso-alantolactone by means of column
chromatography after the methods described
by Dupuis et al. (1974). The particular com-
ponents were assayed as 0.3 % solutions in
96 % ethyl alcohol (30 ug of the substances
being applied).

In addition, patch tests were performed
with a 5 % ethanolic solution of pyrethrum
(Aagrunol Groningen, The Netherlands). It

Table 1. Data of patients tested with sesquiterpene lactones

Patch tests
with mixture Other allergens positive

Patient Age M/F Occupation Symptoms of chrysan- (besides chrysanthemums)
themums
s 59 M carpenter hand eczema 2+ various woods, bichromate,
turpentine, colophony
2. 47 F housewife eczema of 2+ p-phenylenediamine,
hands & face colophony, garlic,
wood tar, coal tar
3 44 ¥ housewife eczema of 34 p-phenylenediamine,
face & fingers coal tar
4 61 housewife eczema between 2+ colophony, primin, garlic,
fingers coal tar
5 38 floriculturist hand eczema 2+ phenergan
(particularly
between fingers)
6 60 store-keeper hand eczema 3+ turpentine, garlic, primin,

colophony, balsam of Peru,
wood tar
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Table 2. Results of patch test with sesquiterpene lactones

Presence of

Patch test results a-methylene
Patient group
1 2 8 4 5 6 attached to
lactone
Number
in
Fig. 2
Class Germacranolide
Chamissonin 1 == s - — — — Yes
Chamissonin diacetate 2 ke = = - —_— — Yes
Erioflorin 3 = = =5 = = —_ Yes
Eupatoriopicrin 4 — A - - _ - Yes
Class Eudesmanolide
(= Santanolide)
Arbusculin A 5 = -+ S e + ++ Yes
Arbusculin C 6 = = e 1 = - +4 Yes
Rothin A 7 - = e = = st Yes
Rothin B 8 — — — — - — Yes
Vulgarin 9 = D — = o = No
Yomogin 10 = — e - -+ — Yes
Alantolactone (Fig. 1) == s I o + ++ A+ Yes
Class Guaianolide
Cumambrin A 11 == + - -+ — — Yes
Cumambrin B 12 — = +4++ R — - Yes
Dehydrocumambrin B 13 —_ - . — - — No
8-Deoxycumambrin B 14 = + G T SIS i Yes
Deacetylmatricarin 15 — — — - - — No
Deacetomatricarin! 16 =3 = ki — = - No
Xanthinin 1T e = Srete — — — Yes
Class Pseudoguaianolide
(= Ambrosanolide)
Ambrosin 18 == =} i Re e e = = Yes
Dihydrobigelovin 19 - — — — - — Yes
Coronopilin 20 - - - — — - Yes
Derivative of
coronopilin 21 — = - — — —_ No
Cumanin 22 = — — + — = Yes
Damsin 23 “‘ e +4+4 4 — — Yes
Psilostachynin 24 = At +++ + — — Yes

t Contains small amounts of a-methylene-butyrolacton derivative.

is derived from the flowers of Chrysanthe- nya) were assayed as 5 % solution in 96 %
mum cinerariaefolium Vis. and Chrysanthe-  ethanol (Mitchell et al. 1972a).

mum coccineum Willd. and is known as All individuals were tested with a series
Dalmatian or Persian insect powder. Pyre- of common contact allergens (Bandmann &
thrins II (Pyrethrum Marketing Board, Ke- Fregert 1973) and with a mixture of 10 %



BLEUMINK ET AL. 85

ethanolic extracts of the leaves of four
Dutch chrysanthemum varieties (Bleumink
et al. 1973).

Tests were performed in seven patients
who showed positive reactions to an ex-
tract of chrysanthemum of florists. One of
the chrysanthemum reactors proved to have
status eczematicus and therefore was deleted
from the series. The relevant data of the
remaining six patients are recorded in Table
1. In addition, tests were done in 13 con-
trols, who were negative to a chrysanthe-
mum extract. The ages of the controls
ranged from 25 to 71 years (mean 47.5
years). They had eczema of their hands and
showed one or more positive tests to com-
mon contact allergens.

Results

Table 1 records the data of the patients with
chrysanthemum contact allergy. In all pa-
tients a direct relationship could be de-
monstrated between the occurrence of ec-
zema and contact with chrysanthemums.
Two out of six showed positive skin re-
sponses to turpentine (peroxides), four to
colophony and to tars respectively, three to
garlic and two to primin. Statistical analyses
revealed that these overlaps of patch test
reactions are highly significant (p < 0.001
with chi square tests) compared with a
group of 412 persons patch-tested with the
same series of common allergens in the same
period the chrysanthemum patients were chal-
lenged. Pyrethrum powder elicited skin re-
sponses in one of the chrysanthemum pa-
tients and in one of the 13 controls, whereas
no positive reactions to pyrethrins were
noted.

A total of 25 sesquiterpene lactones were
assayed, of which 15 were found to pro-
duce positive reactions in one or more pa-
tients (Table 2). The most frequently en-
countered positive responses were to alanto-
lactone (positive in all patients), 8-deoxy-

cumambrin B, arbusculin A, ambrosin, dam-
sin and psilostachynin. The pattern of reac-
tivities found differed from patient to pa-
tient. Tests performed in controls were ne-
gative except that alantolactone elicited a
one plus reaction in the same individual
who responded to pyrethrum.

The results of the studies of some 50
sesquiterpene lactones (out of 260 chemi-
cally identified lactones) derived from the
plants of the Compositae family have indi-
cated that the presence of an exocyclic a-
methylene group conjugated to the y-lactone
ring is a necessary condition for immuno-
logical activity by this group of compounds
(Mitchell et al. 1970, 1971a, 1972b). In Ta-
ble 2, therefore, a comparison is made be-
tween skin reactivity and the presence of
such a group. In 20 of the sesquiterpene
lactones tested, this group was present, of
which 14 (70 %) were found to produce
positive reactions. Cumambrin A (formula
eleven in Fig. 2), cumambrin B (12) and 8-
deoxycumambrin B (14) proved skin reac-
tive, while dehydrocumambrin (13) did not
give rise to skin responses in these patients.
Thus, hydrogenation of the g-methylene
group completely abolished the allergenicity
for sensitized individuals. One out of five
lactones without an ¢-methylene group
elicited a positive reaction in one patient.
This component, however, proved to con-
tain small traces of an g-methylene-butyro-
lactone derivative. Therefore it cannot be
excluded that the skin reactivity to deaceto-
matricarin (Fig. 2, 16) is caused by impuri-
ties.

Discussion

The oleoresins of related Chrysanthemum
species have been found to contain many
substances viz. terpenes such as chrysan-
thenone, umbellulone, carvone, -thujone
and camphor in addition to borneol f-43-
carene and sesquiterpene lactones (compare
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Table 3. Sesquiterpene lactones derived from some Chrysanthemum species

Compound Botanical Source
Class Germacranolide Chrysanolide Chrysanthemum cinerariaefolium
Parthenolide C. parthenium
C. tanacetum
Pyrethrosin C. cinerariaefolium
C. coccineum
Class Eudesmanolide Chrysanin C. cinerariaefolium

f-Cyclopyrethrosin

Dihydro-f-cyclopyrethrosin

Reynosin

Class Guaianolide Chrysartemin A

Chrysartemin B

C. cinerariaefolium
C. cinerariaefolium
C. parthenium

C. parthenium
C. parthenium

Table 3 and the findings of Hausen and
Schulz 1973). With the exception of the
lactones, these compounds are also present
in many essential oils derived from plants
of different plant families. Oil of turpentine,
for example, contains (oxydation products
of) A3-carene, pinene, menthene, limonene,
a- and pf-thujon: substances identical or
structurally related to the above-mentioned
compounds. The overlap of skin reactivities
observed in the present investigation be-
tween chrysanthemums of florists on the
one hand and turpentine and colophony on
the other hand, may be attributable to the
occurrence in these materials of identical or
chemically related allergens. A correlation
between patch tests to chrysanthemum and
to turpentine was also observed by Baer et
al. (1973). On the other hand, the investiga-
tions of Mitchell and his co-operators
(1972a) indicate that terpenes do not play a
major role in chrysanthemum allergy. Two
patients who were allergic to Chrysanthe-
mum species were negative to turpentine
(Mitchell et al. 1971b). Similar observations
were made in a German study of 5 patients
allergic to chrysanthemum of florists (Schulz
et al. 1975). Therefore, the overlap of skin
reactivities observed in the present study
needs further evaluation.

We suspect that, in the presence of severe
patch test induced dermatitis, turpentine can
occasionally produce irritant reactions
which are incorrectly recorded as allergic.

In accordance with the results of Schulz
et al. (1975), pyrethrins, which are the in-
secticidal active substances present in pyre-
thrum insect powder, did not give rise to
patch test responses in our patients. Studies
performed by Mitchell et al. (1972) indi-
cated that the pyrethrins (esters of chrysan-
themumic acid) did not play a significant
role in pyrethrum allergy; the sequiterpene
lactone, pyrethrosin, was found to be the
principal allergenic component.

In the present investigation, patch tests
were performed with 25 sesquiterpene lac-
tones representing the various classes of
allergenic components of plants of the Com-
positae family. A total of 15 of these com-
ponents proved capable of producing posi-
tive skin responses in the six patients with
a contact hypersensitivity to chrysanthemum
of florists. These findings corroborate ear-
lier studies in which positive reactions were
observed to alantolactone, cumambrin A
and B, arbusculin A and B and ambrosin
(Bleumink et al. 1973, Mitchell et al. 1970,
Mitchell 1974, Schulz et al. 1975). In ad-
dition, individuals contact allergic to chry-
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santhemums have been found to react after
challenge with coronopilin, parthenolide, py-
rethrosin and reynosin (Mitchell 1974, Schulz
et al. 1975). Many of the sesquiterpene lac-
tones show cross-reactivity. In this connex-
ion the model study of Schulz et al. (1975)
is of importance. They sensitized guinea-pigs
with an extract of flowers and leaves of
Chrysanthemum indicum L. and with par-
thenolide and alantolactone (lactones be-
longing to different classes).

Although the latter components are not
present in chrysanthemum, animals sensi-
tized with a chrysanthemum extract showed
positive tests after challenge with alantolac-
tone and parthenolide. Animals sensitized
with parthenolide also proved to react with
the extract and the chemically non-related
alantolactone.

Our studies, combined with those of
others, have indicated that sesquiterpene
lactones play a major role in chrysanthe-
mum allergy. Furthermore, Chrysanthemum
morifolium (Chrysanthemum of florists) has
recently been found to yield a sesquiterpene
lactone (Osawa et al. 1973) which is po-
tentially allergenic from the criteria noted
above. It seems unlikely that our patients
have been exposed to all the chemical com-
pounds which showed positive reactions.
The majority of the skin reactive compo-
nents must be regarded as secondary al-
lergens.

Some individuals who were sensitized to
Costus Absolute derived from Saussurea lap-
pa were patch-tested to a duplicate set of the
lactones which have been used in the present
study (Mitchell & Epstein 1974). Eight of
the ten individuals showed positive patch
test reactions to two or more of the lactones,
most notably to 8-deoxycumambrin, arbus-
culin C, arbusculin A, rothin A and dam-
sin. Only one of seven individuals was
patch-tested to Chrysanthemum morifolium;
he responded with a 3-4 <+ positive re-
sponse.

The results of the study of Mitchell and
Epstein (1974), of Mitchell (1975) and of
the present study provide additional evi-
dence for cross-reactivity of Compositae
species and sesquiterpene lactones. Perhaps
more important from a clinical point of
view is the sustained finding that immuno-
logical studies must be complemented by a
clinical history of exposure in order to pro-
vide meaningful results. The history is es-
sential because patients may show positive
patch test results to plants to which they
have never been exposed. The positive reac-
tions then indicate cross-sensitivity rather
than relevance in a particular clinical situa-
tion.

In previous investigations (Mitchell et al.
1970) it was concluded that the presence of
an g-methylene group attached to the y-
lactone ring (Fig. 1) is a prerequisite for
allergenic activity.

The reactive g-methylene is the group
by which the lactones can conjugate with
proteins or cells in order to form a com-
plete antigen capable of producing cell-
mediated immune reactions.

It is known that the particular groups are
reactive by Michael-type addition with nu-
cleophilic reagents such as the SH-group of
cysteine. Studies performed by Dupuis et al.
(1974) showed that alantolactone can react
via the g-methylene group with cysteine,
with the imidazole group of histidine and
with the ¢-amino group of lysine but notwith
other amino acids such as arginine, serine
and methionine. These properties make
sesquiterpene lactones very suitable for
model studies on the pathogenesis of allergic
contact dermatitis in man.

References

Baer,R.,, Ramsey,D.L. & Biondi, E. (1973)
The most common contact allergens. Ar-
chives of Dermatology 108, 74-78.

Bleumink, E., Mitchell, J.C. & Nater, J. P.



88 CHRYSANTHEMUM DERMATITIS

(1973) Contact dermatitis to chrysanthe-
mums. Archives of Dermatology 108, 220-
222.

Bandmann, H. J. & Fregert, S. (1973). Epicu-
tantestung; Einfithrung in die Praxis. Berlin,
Heidelberg, New York: Springer-Verlag.

Dupuis, G., Mitchell,J. C. & Towers, G. H. N.
(1974) Reaction of alantolactone, an aller-
genic sesquiterpene lactone, with some amino
acids; resultant loss of immunologic reactiv-
ity. Canadian Journal of Biochemistry 52,
575-581.

Hausen, B. M. & Schulz, K. H. (1973) Chrysan-
themen-Allergie. (1. Mitteilung). Berufsder-
matosen 21, 199-214.

Mitchell, J. C., Fritig, B., Singh, B. & Towers,
G. H. N. (1970) Allergic contact dermatitis
from Frullania and Compositae; the role
of sesquiterpene lactones. The Journal of
Investigative Dermatology 54, 233-239.

Mitchell, J. C. & Dupuis, G. (1971a) Allergic
contact dermatitis from sesquiterpenoids of
the Compositae family of plants. British
Journal of Dermatology 84, 139-150.

Mitchell, J. C., Geissman, T. A., Dupuis, G. &
Towers, G. H. N. (1971b) Allergic contact
dermatitis caused by Artemisia and Chry-
santhemum species; the role of sesquiterpene
lactones. The Journal of Investigative Der-
matology 56, 98-101.

Mitchell, J. C., Dupuis, G. & Towers, G. H. N.
(1972a) Allergic contact dermatitis from py-

rethrums (Chrysanthemum SPP); the roles
of pyrethrosin, a sesquiterpene lactone, and
of pyrethrin II. British Journal of Dermato-
logy 86, 568-573.

Mitchell, J. C., Dupuis, G. & Geissman, T. A.
(1972b) Allergic contact dermatitis from
sesquiterpenoids of plants; additional aller-
genic sesquiterpene lactones and immunologi-
cal specificity of Compositae, liverworts
and lichens. British Journal of Dermatology
87, 235-240.

Mitchell, J. C. (1974) Personal communication.

Mitchell, J. C. & Epstein, W. L. (1974) Contact
hypersensitivity to a perfume material, Costus

Absolute. Archives of Dermatology 110,
871-873.
Mitchell, J. C. (1975) Biochemical bases of

geographic ecology. Part 2. International
Journal of Dermatology 14, 301-321.

Osawa, T., Suzuki, A., Tamura, S. et al. (1973)
Structure of chlorochrymorin, a novel ses-
quiterpene lactone from Chrysanthemum
morifolium (Ram). Tetrahedron Letters 52,
5135.

Address:

E. Bleumink, Ph.D.
Department of Dermatology
State University
Qostersingel 59

Groningen

The Netherlands



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



