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Sixteen taxa of the genus Parthenium from North and South America and 20 sesquiterpene 
lactones derived from plants of the Compo sitae family were used for patch testing six 
volunteers who were known to be contact sensitive to plants and lactones of this family. 
The patterns of cross-sensitivity and structure-activity relationships of the allergenic lactones 
are evaluated and the clinical and ecological relevance is discussed. 
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This paper continues a series of studies of 
contact hypersensitivity to sesquiterpene 
lactones of plant species of the Compositae 
(Chrysanthemum) family. The purposes of 
the studies have been to evaluate molecular 
structure and immunochemical requisites of 
this group of compounds for allergic con­
tact dermatitis and to evaluate cross-sen­
sitivity patterns in relation to clinical ex­
perience and ecological relevance. 

Numerous skeletal-types of sesquiterpene 
lactones (a class of CI5 terpenoids isolated 
from plant taxa of the Compositae and 
some liverworts, Frullania) are known to 
cause allergic eczematous contact dermatitis 
(Mitchell et al. 1971, 1975a, b; Mitchell & 
Epstein 1974; Bleumink et al. 1976). 

Members of the subtribe Ambrosiinae 
(which include Ambrosia, Iva, Hymenoclea, 
Dicoria, Xanthium and Parthenium) are of 
particular interest since many species pro­
duce cop ius amounts of lactones (in some 
cases up to 4 % of their dry leaf weight). 
The species Parthenium hysterophorus, 
recently introduced into India from the 
Americas, is a major cause of contact der­
matitis in adult males (Lonkar et al. 1974). 
The trichomes (plant hairs) contain lactones 
(Rodriguez et al. 1976). 

Current interest in P. hysterophorus and 
its allergenic lactones suggested a detailed 
chemical and clinical study of 16 species 
of Parthenium which produce three types of 
sesquiterpene lactones. 

This study was supported by the Medical Research Council, Ottawa, Canada, Grant 
MT-2164 and by the Skin Disease Research Foundation. 
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Table 1. Pattern of cross-sensitivity to extracts of 16 taxa of Parthenium 

Patch test reactions 
Genus Parthenium 

Patients 
Plant species 

1 2 3 4 5 6 Total 

P. schottii 1+ 3+ 3+ 3/6 
P. tomentosum 2+ 1-2+ 2/6 
P. tomentosum var. stramonium 2+ 1-2+ 3-4+ 4+ 1+ 516 
P. fruticosum var. trilobatum 
P. cineraceum 
P. rollinsianum 
P. incanum 1-2+ 
P. integrifolium 
P. integrifolium var. auriculatum 
P. confertum 1+ 
P. confertum var. lyratum 

var. divaricatum 
var. microcephalum NT 

P. densipilum 1+ 
P. hysterophorus 
P. glomeratum 

Total positive 5 1 

Material and Methods 

Twenty-five grams of dried leaves for each 
taxon of Parthenium (refer to Table 1) were 
ground into fine pieces and extracted sepa­
rately with 250 ml of acetone. The extracts 
were shaken at 20°C for at least 24 hand 
then filtered. The resulting green or brown­
yellow solutions were concentrated in a 
vacuum rotatory and evaporated to 25 ml 
(100 %). For patch testing the solutions 
were diluted 1: 10 with acetone. Individual 
sesquiterpene lactones from Parthenium 
were prepared in petrolatum (.01 % w/w) 
according to the method outlined in Mitchell 
et al. (1971). 

Extraction and isolation of sesquiterpene 
lactones from Parthenium taxa 
Extraction of bulk, dried leaf material and 
subsequent isolation and purification of ses­
qui terpene lactones for nmr, ir and ms ana­
lyses were carried out according to the fol­
lowing procedure. 

2+ 3-4+ 216 
3+ 4+ 216 

016 
3+ 3+ 3/6 

4+ 1/6 
3+ 4+ 216 
2-3+ 2+ 4+ 416 
2+ 3+ 2/6 
2+ 2-3+ 216 
1+ 2+ 4+ 3/5 
3+ 1-2+ 4+ 4/6 
3+ 4+ 216 
3-4+ 1+ 4+ 3/6 

14 4 15 1 40+ 

a. One hundred grams of dried leaf 
material were pulverized in a disc mill or 
Waring® blender. Approximately 500 ml 
of technical grade chloroform were added 
and the mixture allowed to stand over­
night. 

b. The chloroform slurry was filtered and 
the dark-green filtrate was evaporated to 
dryness under water pump vacuum. The 
thick, tar-like slurry was subsequently dis­
solved in 95 % ethanol (250 ml). If the thick 
syrup did not readily dissolve, the solution 
was heated on a steam bath for 5 min and 
allowed to cool to room temperature. Then 
250 ml of 4 % aqueous lead acetate solution 
was added to precipitate the more polar 
components. 

c. The aqueous cloudy solution was next 
filtered through a celite pad (diatomaceous 
earth) and the filtrate concentrated in vacuo 
until water and oily droplets remained. The 
mixture was extracted three times with 
chloroform (75 m!) and the extracts were 
dried over anhydrous magnesium sulfate. 
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The terpene-containing solution was next 
filtered and evaporated under water pump 
vacuum. 

d. The crude plant extract containing ses­
quiterpene lactones and in some cases tri­
terpenes and highly methylated fIavonoids, 
was dried in vacuo, and the weight of the 
crude syrup determined. A proton magnetic 
resonance (pmr) spectrum was recorded for 
the crude syrup. The number of lactones in 
the crude syrup was determined by thin­
layer chromatography (TLC) using 0.25 
mm silical gel-G plates developed in two 

solvent systems, benzene-acetone (4:1;v/v) 
and/or chloroform-ether (5: 1 ;v/v). After 20 
min, the TLC plates were developed in an 
iodine chamber or sprayed with aqueous 5 % 
KMN04• As many as 2-7 spots were de­
tected in most syrups, with the major con­
stituent(s) darkly stained. 

Results 

Clinical findings 
Six male volunteers previously sensitized to 
Costus Absolute, a perfume material (de-

Table 2. Sesquiterpene lactones used for patch testing 

Patch test reactions 
Sesquiterpene lactones of 
Parthenium species 

Individual Total 

1 2 3 4 5 6 

Parthenin NT 0/5 
Hymenin 2+ 1/6 
Coronopilin 3-4+ 1/6 
Damsin 1+ 1+ 3+ 3+ 4+ 1+ 6/6 
Ambrosin 3+ 4+ 216 
Confertin 3+ 4+ 216 
Conchosin-A NT NT 1+ 1/4 
Conchosin-B NT NT NT 2+ 1/3 
Conchosin-C+ D NT NT NT 2+ 1/3 
Tetraneurin-A NT 2+ NT 3+ 214 
Tetraneurin-B NT NT 0/4 
Tetraneurin-C NT NT 3+ 1/4 
Tetraneurin-D NT NT 0/4 
Tetraneurin-F NT NT NT 0/3 
Ligulatin-B NT NT 0/4 
Ligulatin-C NT NT NT NT 0/2 
Oaxacin NT 3+ NT 3+ 214 
Stramonin-A NT 0/5 
Stramonin-B NT 0/5 
Tomentosin NT NT NT 2-3+ NT 112 
Purified Costus lactone 4+ 4+ 4+ 4+ 4+ 4+ 6/6 

fraction 0.01 % 

Total positive 2 2 6 2 13 2 27 

Costus Absolute - lowest 0.001 % Individual 1 
dilution to which positive 0.001 % Individual 2 
reactions were observed 0.0001 % Individual 3 

0.001 % Individual 4 
0.00001 % Individual 5 
0.0001 % Individual 6 
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Fig. 1. Structures of sesquiterpene lactones from Parthenium used in patch testing. 
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Fig. 1. (cont.). 

rived from Saussurea lappa, Compositae) 
served as subjects. Similarly sensitized in­
dividuals were found in a previous study 
(Mitchell & Epstein 1974) to be contact 
sensitive to sesquiterpene lactones derived 
from plants of the Compositae family and 
to some of the plants of the family. The 
present panel was tested to further evaluate 
cross-sensitivity between lactones and Par­
thenium species. 

Patch test methods and materials 
Patch tests were carried out using plant 
acetone extracts and .01 % petrolatum prep­
arations of pure sesquiterpene lactones ap­
plied under occlusion for 48 h. 

Results of testing to plant extracts 
The pattern of contact sensitivity to extracts 
of 16 Parthenium plants is shown in Table 
1. Some positive reactions to 15 of the 16 
plant extracts were observed in most of the 
sensitized individuals. 

Only P. rollinsianium, a Mexican desert 
shrub not known to contain sesquiterpene 

lactones, produced negative patch test reac­
tions in all six individuals tested. The results 
suggest that individuals who are sensitized 
to lactones will react to many plants of the 
genus Parthenium. 

Patch testing to sesquiterpene lactones 
In Table 2, patch test reactions to sesquiter­
pene lactones are listed for the six individ­
uals. IndividualS who was most highly sen­
sitive (at minimum dilution of 0.00001 %), 
reacted to most of the lactones. Twelve lac­
tones produced positive reactions in some of 
the individuals who were tested. Eight lac­
tones produced negative reactions in all the 
individuals who were tested. 

The structures of sesquiterpene lactones 
used for patch testing are presented in Fig. 
1 with their distribution in those plant taxa 
extracted tabulated in Table 3. 

Discussion 

The volunteers in this study were primarily 
sensitized to Costus Absolute and they were 
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Table 3. Distribution of sesquiterpene lactones in taxa of Parthenium used for patch testing. 

Taxa** 

P. schottii 

P. tomentosum 

P. tomentosum var. stramonium 
P. fruticosum var. trilobatum 

P. cineraceum 

P. rollinsianum 
P. incanum 
P. integrifolium 

P. integrifolium var. auriculatum 

P. confertum 
P. confertum var. lyratum 

P. confertum var. divaricatum 

P. confertum var. microcephalum 
P. densipilum 
P. hysterophorus 

P. glomeratum 

Sesquiterpene lactone(s) present 

coronopilin 
confertin 
tetraneurin-B 
tetraneurin-D 
ligulatin-B 
ligulatin-C 
oaxacin 
tomentosin 
stramonin-A & -B 
tetraneurin-C 
tetraneurin-D 
tetraneurin-E 
ivalbatin acetate*** 
ligula tin -B 
ligulatin-C 
none 
coronopilin 
tetraneurin-C 
tetraneurin-E 
tetraneurin-C 
tetraneurin-E 
damsin 
tetraneurin-A 
tetraneurin-E 
conchosin-A 
conchosin-B 
conchosin-C & -D 
hymenin 
damsin 
parthenin 
ambrosin 
hysterin*** 
damsin 

* Structure elucidation studies have been published elsewhere (Rodriguez et al. 1971; Rodri­
guez 1975) 

** Refer to Rodriguez (1975) for collection sites and vouchers of all taxa investigated 
*** Insufficient amounts of compound available for patch testing. 

exquisitely sensItive to the purified costus 
lactone fraction, which contains at least two 
germacranolides, constunolide and dihydro­
costunolide. As is usual, their patterns of 
cross reactivity with Parthenium plants were 
highly individualistic. Thus, two subjects 
reacted to virtually all plant extracts, while 
two reacted to 4 or 5 extracts and two re­
acted to only one plant extract, P. tomen-

tosum var. stramonium from Sinaloa, Mexi­
co. This small tree contains stram on in A to 
E (Rodriguez 1975). Unfortunately only 
stramonin A and B (Fig. 1) were available 
for patch testing and the negative responses 
in the five subjects tested were expected 
because they lack the methylene side group­
ing thought to be required for skin test 
reactivity to sesquiterpene lactones (Mitchell 
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1975a). The correlation between plant ex­
tract positivity and chemical reactivity, how­
ever, proved to be quite good. All four 
reactors to P. confertum extract also gave 
positive reactions to damsin which is the 
main lactone in that Mexican plant. There 
were only 8 instances out of 35 positive 
extract reactions (excluding P. tomentosum 
var. stramonium) in which the subject failed 
to react to at least one of the chemicals in 
that plant. The eight failures were verified 
by repeated patch testing, so that an artefact 
of testing probably does not account for the 
negative results. Although many possibilities 
exist for the lack of fit, no obvious explana­
tion crowds the foreground. Also there were 
two subjects (2 and 6) who were sensitive 
to damsin but did not react to any plant 
extracts containing the chemical (P. confer­
tum, P. densipilum and P. glomera tum). 
These false positives also remain unex­
plained. 

The scourge of India, P. hysterophorus, 
produced only two positive reactions, in the 
most reactive subjects (3 and 5). Both 
subjects reacted to ambrosin but not to 
parthenin, the two active lactones in this 
weed, although parthenin appears to be the 
major sensitizer in P. hysterophorus in India 
(Lonkar et a1. 1974). The only difference 
between ambrosin and parthenin is the sub­
stitution in ambrosin of a hydrogen at C I 

for the hydroxyl group. Hymenin, the C-1 
hydroxy stereoisomer of parthenin was pos­
itive in only one of the six subjects, while 
the extract of P. confertum var. microcepha­
lum which contains hymenin gave positive 
reactions in three of the five patients. 

Damsin, which gave positive responses in 
all six subjects in this study also gave posi­
tive reactions in five of the 10 most sen­
sitive subjects tested in an earlier costus 
cross-sensitivity (Mitchell & Epstein 
1974). The structure of damsin differs from 
ambrosin only in the lack of a double bond 
between C2 and Ca, so that perturbations at 

CI , C2 and Cs of the cyclopentanone ring 
(5-membered ring) may play an important 
role in determining cross reactivity just as 
the ethylene side grouping at Cl1-CI3 (Fig. 
1). Further structure-activity relationships of 
sesquiterpene lactones will be needed to 
elucidate this point. 

Some other biological activities of ses­
quiterpene lactones, including cytotoxicity, 
depend primarily on a lactonic exo-cyclic 
methylene group (Rodriguez et al. 1976) 
and the current findings confirm the im­
portance of this group as a necessity for 
immunologic activity. However, more subtle 
and so far obscure requirements which are 
repeatedly evident, require further investi­
gation. Other parts of the molecule pre­
sumably play a role for allergen city in ad­
dition to the role of the lactone methylene 
group for carrier protein attachment. 

Ecological aspects 
The current findings re-emphasize the clini­
cal importance of cross-sensitivity patterns 
between this group of plants and derived 
compounds. It has become clear that if a 
patient shows a positive patch test reaction 
to a plant of this family or to a lactone of 
this family, the clinical significance of the 
findings can only be assessed by reference 
to the clinical history. Thus, patients may 
react to plants or chemicals to which they 
have never been exposed. Plants which are 
remote geographically can produce positive 
reactions in such patients. Thus, such posi­
tive reactions may be immunologically rele­
vant but ecologically irrelevant. Thus, an 
individual who was experimentally sensitized 
to a perfume material of India (Costus, 
Saussurea) may thereby be contact sensitive 
to ragweed of North America (Ambrosia), 
to chrysanthemum of florists, to Parthenium 
the weed scourge of India, and to artichoke 
(Cynara) chicory (Cichorium) and lettuce 
(Lactuca) of the kitchen. 

Chrysanthemum of florists contains a 
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sensitizing lactDne arteglasin A, in CDmmDn 
with a weed, Artemisia douglasiana. CDStu­

nDlide, which is a sensitizer in the perfume 
material CDstus AbsDlute, is alsD derived 
from a garden plant named Maiden's Ruin, 
Artemisia balchanorum, from a weed Hy­
menoclea monogyra and a CDmmDn hDrti­
cultural plant Cosmos hybridus Df the 
CDmpDsitae family, frDm an industrial tim­
ber tree, Liriodendron tulipifera Df the 
MagnDliaceae family and frDm a liverwDrt 
Frullania Df the BrYDphytes. The perfume 
material Dil Df Champaca (Michelia, Mag­
noliaceae) which prDduced positive patch 
test reactiDns in CDmpDsitae-sesquiterpene 
lactDne-sensitive patients shares with rag­
weed (Ambrosia) the knDwn allergenic lac­
tDne parthenDlide and crDss-reacts with 
Magnolia (MagnDliaceae), with chamDmile 
(Mataricaria, CDmpDsitae) and with laurel 
Dil (Laurus nobilis, Lauraceae) (Mitchell 
1975b). 

The distributiDn patterns Df cDntact der­
matitis frDm these diverse sDurces are rather 
similar and can resemble phDtDdermatitis 
and atDpic dermatitis (LDnkar et al. 1974, 
StDrrs et al. 1976). 

In this maze Df differential diagnDsis and 
Df immunDchemistry, invDlving SDme 600 
plants Df at least six plant families and 
their products including perfumes and 
f1avDrings, a clinical and eCDlDgical histDry 
fDr relevant expDsure is essential. 
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