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Summary
Parthenium hysterophorus (Asteraceae), a
weedy species from the New World has
invaded Asia, Africa and Australia. It now
occupies much agricultural land in India
and has been shown to be responsible for
toxicity to livestock. More important, it is
responsible for epidemics of allergic contact
dermatitis as well as allergic rhinitis in man
in that country. Biological control with the
use of insect herbivores such as
Zygogramma bicolorata has been imple-
mented in Australia and in India.

Introduction
We have singled out Parthenium
hysterophorus, because, of all weed, it prob-
ably has had the most dramatic impact on
human welfare, particularly in the last fifty
years. The species has been the subject of a
number of reviews the most recent being
concerned with its associated medical prob-
lems (39).

Botanical description of Parthenium
hysterophorus
This somewhat unattractive and aggressive
weed of disturbed sites is included in the tribe
Heliantheae, subtribe Ambrosiinae, section
Argyrocháetae (30). Erect, branched and leafy
with a rigid herbaceous stem which lasts for
one growing season it has roots which may
persist for at least three years. The alternate
leaves have trichomes on both sides and these
are also found on the stems. The capitulum is
heterogamous, numerous and composed of five
fertile pistillate ray florets and about forty
fertile staminate disk - florets. The mature

achenes, with two attached disk - florets and a
subtending bract, fall off as an achene com-
plex. It requires at least five months to flower
from seed (30) and about 2,000 achenes are
produced per plant.

Distribution of P. hysterophorus.
Within the last hundred years it has been
introduced to south eastern Asia, Africa. and
Madagascar and, around 1976 into Queens-
land, Australia. As a result of Doley's physi-
ological studies in Queensland, one is inclined
to agree with him that Parthenium has the
potential to become a weed of great signifi-
cance throughout the warm and temperate
humid and subhumid regions of Australia (3).
Because of its present cosmopolitan distribu-
tion it is hardly possible to determine accu-
rately the natural origin of this species but it is
likely to be around the northern and eastern
parts of the Gulf of Mexico. It appears to be
distributed primarily along man- disturbed
habitats and it is probably dispersed by man. Ít
arrived in a shipment of grain at an Agricul-
tural school in Poona, India in 1956 (38). By
1977, It had become a rampant weed in
Karnataka state and elsewhere in India where
it began to pose serious agricultural and health
problems.

In India it is known as "Congress grass"
(because of the shape of the white capitulum),
"Chatak Chandni" and "Osadi ". In the Carib-
bean and adjacent Latin American countries it
has some 36 vernacular names the most
common being "escobar amarga- or
"bitterweed" or "feverfew" (10) .

Waste lands and pastures in several parts of
India are covered with a lush growth of this
plant. Domestic animals that graze on it suffer
from both acute and chronic toxicity (16). By
1987 it was stated to cover approximately 5
million hectares of land (5).

It has been discovered more recently in
southern Taiwan where it may spread rapidly
(20). Wind -blown pollen (on average 624
million grains per plant), particularly from
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June September, accounts for between 20
and 40% of all pollen types in Bangalore,
India and could be the reason for the concomi-
tant increase in the incidence of
naso- bronchial allergy (33). The pollen
inhibits fruit set in crops like tomato, brinjal,
beans and capsicum and a reduction in grain
filling in maize (14). Allelopathic effects have
been recorded (8,11,15,31)

Allergic eczematous contact dermatitis
(AECD) to Parthenium
The extent of its aggressive growth, has led to
an almost epidemic incidence of allergic
eczematous contact dermatitis (AECD) from
contact with its trichomes and pollen and
allergic rhinitis caused by its pollen. AECD,
sometimes called dermatitis venenata is a
delayed hypersensitivity reaction in contrast to
dermatoses that are of the immediate urticarial
variety e.g., from nettle trichomes. There are a
very large number of natural as well as
synthetic contact allergens and there are many
factors involved in acquiring AECD. It can
occur at any age and is usually eczematous
and is characterized by erythema, edema,
papules, vesiculation, weeping and crusting
and is accompanied by pruritus (4). AECD is
caused by contact of the skin with low molecu-
lar weight chemicals and sensitization of blood
lymphocytes. The appearance of dermatitis in
a sensitized individual on re- exposure to the
chemicals is delayed in onset by 24 -48 hours.
Sensitization can be detected by application of
a chemical' to the skin (patch test). After
contact for a period of from 1 week to a few
years, Parthenium dermatitis occurs in sensi-
tized persons on the exposed parts of the body,
particularly the upper eyelids, sides of the
neck, part of the face, V of the neck, front of
the elbows and back of the knees (9). It
progresses to chronic dermatitis with
lichenification and spreads to affect the wrists,
forearms and upper trunk and sometimes
becomes generalized. Secondary changes
include impetiginization, fissuring of the skin
and hyperpigmentation. AECD from
Parthenium has been known in the southern
USA since the 1940s but has declined with
increasing urbanization and mechanization of
farm practice.

Incidence of Parthenium AECD in ,India:
Parthenium dermatitis in India was fii t
reported in India in 1971 -2 (9,27) about sixteen
years after its arrival in the country. The
dermatitis was found in agricultural labourers
but an increasing number of city dwellers
became affected as the plant spread into urban
areas (8). One case of photocontact dermatitis
from Parthenium simulating actinic reticuloid,
has been described from India but the
phytochemical source of the problem is
unknown (2).

Clinical studies in Bangalore on a group of
30 persons engaged in Parthenium weed
pulling from periods ranging from 3 to 12
months revealed that 4% of the persons
exposed suffered from acute allergic contact
dermatitis; clinical patch testing showed that
another 52% were sensitized even though they
did not exhibit clinical symptoms of AECD
(Subba Rao, unpublished work). A study in
New Delhi showed that 24 out of 90, cases of
AECD were caused by Parthenium with
roughly a 4:1 ratio of males to females (34 ).

Toxic phytochemicals of the Asteraceae
The Asteraceae (Compositae) family, contain-
ing 10% of the flowering plant species in the
world, is characterized by the widespread
occurrence in its species of polyynes and
sesquiterpene lactones (SQLs). Polyynes occur
in cortical laticifers, in leaf glands and some-
times even in the cuticle. They are, as a class
characteristically phototoxic i.e., they are
extremely toxic when irradiated with UV light
in the presence of oxygen. Sesquiterpene
lactones, on the other hand, are also toxic to
insects and to mammals (30), but they do not
require light to become active. They occur in
trichomes although in some species they may
occur in roots e.g., alantolactone in Inula
helenium. Phototoxic polyynes are not dis-
cussed here as they do not occur in any part of
P. hysterophorus (Towers, unpublished). I
would like to concentrate at first on the SQLs
of this plant because they represent a serious
health hazard.

Sesquiterpenes lactones (SQLs) in
Parthenium
If you take a branch of Parthenium and dip it
in chloroform or methylene chloride a mixturé
of allergenic SQLs, present in the trichomes,
dissolves. The predominant allergen is the
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SQL, parthenin, a highly toxic compound (2
mg i.v. will kill a mouse in 24 hours) which
appears to cause chromosomal damage in
animal cells (13). Other SQLs include
coronopilin, dihydroisoparthenin, hysterin and
tetraneurin -A (21,24,25). Some populations of
P. hysterophorus, particularly those from
South America and Argentina do not contain
parthenin but accumulate instead a
diastereromisomer, hymenin (20).

Individuals sensitized to parthenin are not .

cross sensitive to hymenin indicating a certain
degree of stereospecificity in the allergic
reaction (37). SQLs, of which there are some
3,000 -4,000 different kinds in plants, are the
characteristic allergens of Asteraceae. Other
plant species elaborate special phenols e.g.,
Anacardiaceae,Primulaceae, Hydrophyllaceae
or terpenoids e.g., Schefflera, Hedera helix .

Mechanism of action of Parthenium
There are a number of other unpleasant things
about the SQLs of Parthenium. First of all, the
major compound, parthenin, causes readily
demonstrate chromosomal damage in CHO
cells (1). The mechanism of toxicity of the
SQLs is generally thought to be a Michael type
addition between this moiety and the
sulphydryl groups of enzymes and other
proteins (6). This has been shown with
parthenin and cysteine or glutathione (22). In
cellular and biochemical studies (17) it has
been shown to uncouple phosphorylation and
to inhibit the activities of key cellular enzymes
such as succinate dehydrogenase,
phosphofructokinase, glucose -6- phosphatase,
glutamate oxaloacetate transaminase, and acid
and alkaline phosphatases. As an alternate
hypothesis these compounds may, alkylate
DNA, causing single strand breaks and inter-
fering with the DNA template (39,40). The
presence of a cyclopentenone moiety, in
addition to the a- methylene -r- lactone in a
SQL is known to enhance its biological
activity and so we find that parthenin is 10
times more toxic than coronopilin, a minor
SQL of P. hysterophorus

A second unpleasant feature of the SQLs of
the plant is that, once a person is sensitized to
this plant species, the spectre of
cross reactivity to the hundreds of other
members of the Asteraceae becomes a real
possibility. Australia, of course, has many
weeds in this family of plants.

Cross - reactivity between parthenin and
other SQLs has been demonstrated in Guinea
pigs (23). It is interesting, however, that there
appears to he no cross - reactivity between
parthenin and its diastereoisomer, hymenin
which occurs in populations of South Ameri=
can P. hysterophorus (37).

Allergic rhinitis due to Parthenium
We are not quite finished, however, with the
medical impact of this species on man. An
increase in the incidence of nasobronchial
allergy was observed in Bangalore, India,
concomitant with a steady increase in the
widespread growth of Parthenium (33). A
detailed survey of the atmospheric pollens in
Bangalore, conducted over a year (January -
December,1979), established that the pollen of
Parthenium is wind -borne in significant
amounts either as individual grains or in the
form of pollen clusters. The incidence of
pollen was maximum (up to 48% of the total
pollen count) during the months of
June September which are favourable to the
growth of the plant (33).

A random clinical survey conducted by one
of us (28) on 2035 residents of Bangalore city
with the aid of questionnaires and skin test,
revealed that 7.1% or the study population was
suffering from allergic rhinitis due to
Parthenium pollen. Prick skin tests performed
by one of us (28) on 1294 patients suffering
from nasobronchial allergy in Bangalore
between 1986 and1990 has shown that 42% of
them were sensitive to Parthenium pollen. To
our knowledge, nowhere in the world has such
a high incidence of allergic rhinitis to à
specific pollen type ever been reported.
Parthenium also appears to be a source of
allergic rhinitis in the southern USA and in
Brisbane, Australia. .

Cross- reactivity to other species of
composites
Ragweed (Ambrosia species) is the major
cause of allergic rhinitis in the USA.
Cross - reactivity between ragweed pollen and
some other members of the Asteraceae has
been documented. P. hysterophorus is a
member of the same tribe (Heliantheae) and,
recently, it was discovered, in the Indian
Institute of Science, Bangalore, that persons
from the USA with proven sensitivity to
ragweed pollen developed allergic rhinitis
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when they. visited Bangalore where there is no
ragweed :These patients elicited positive prick
skin reaction to both Parthenium and
Ambrosia pollen extracts. Moreover,
Parthenium sensitive patients who were never
exposed to ragweed elicited positive skin
reaction with ragweed, pollen extracts.

These results indicate that shared epitopes
present in Parthenium and Ambrosia pollens
are recognized by both Indian and American
patients sensitized by exposure respectively to
Parthenium and to ragweed pollens. More
recently 100% cross - reactivity to sunflower
(Helianthus annuus) pollen extracts has been
demonstrated (Subba Rao, unpublished
results).

Toxicity of Parthenium to animals
The plant is toxic to livestock; feeding bull
calves, in Bangalore, with diets incorporating
different proportions of P. hysterophorus
revealed that the weed caused acute as well as
chronic toxicity (18). Acute symptoms ap-
peared as early as 96 hours in animals which
received the weed as 50% of the total green
requirement. Onset of death and percentage of
mortality was dependent upon the daily
quantum of Parthenium fed to bull calves and
to buffalo calves. The pathognomonic external
lesions in bull calves were marked ulcerations
on muzzle, dental pads, dorsum of the tongue
and upper palate within three weeks of feeding
Parthenium.

Autopsy of animals which died within a
month grossly showed areas of pale patches of
liver, distended gall bladder and gelatinous
changes in the hilus of kidneys. Sever conges-
tion was seen throughout the intestinal tract.
There were punched out ulcerations on the
oesophagus and abomasal folds.
Histopathological studies revealed severe
degenerative changes in the liver and kidney.

These symptoms are included in the
toxicity which has been called "partheniosis"
(17). In addition to partheniosis dermatitis. on
the face was manifest within three weeks after
feeding (34). The skin lesions became general-
ized resulting in alopecia and depigmentation.
Intracorneal tests on these animals elicited
strong responses to parthenin. 3H- labelled
parthenin, on oral or intravenous administra-
tion, appeared in the milk of lactating labora-
tory and dairy animals, the maximum amount
of radioactivity being detected in kidneys.

Some good things about Parthenium x.

Chaffed Parthenium was ensilaged.ëither:',
singly or after mixing with equal amounts of
fodder maize and allowed to ferment for three
months (35). The solo or mixed silages were
found to be devoid of parthenin and feeding
trials with bull and buffalo calves revealed that
the animals were healthy throughout the
experimental period extended over four
months, as indicated by weight gain, negative
intracorneal response to parthenin and inability
to detect pathological changes in
haematological studies. Further, the processed
weed compared well with any of the conven-
tional diets and silages used in every day
nutrition of farm animals thus making it
potentially feasible to use Parthenium as a
cheap fodder for live -stock .

Parthenin displayed definite anti -tumor
activity in tumor - bearing mice although the
therapeutic index was very low. One mg i.v.
prolongs life in these animals but 2 mg kills an
average mouse within 24 hours (12).

Dealing with the weed
In Australia the Mexican chrysomelid beetle,
Zygogramma bicolorata has been established
in the field along with a stem -boring beetle,
Listronotus setosipennis and a stem - galling
moth, Epiblema strenuana. Only the moth is
having an impact on the weed (11).
Host - specificity studies with Zygogramma
with 40 plant species representing 27 families,
under quarantine conditions, were carried out
in India. They were satisfied that the beetle
feeds and reproduces only on Parthenium.
Field cage studies showed that it breeds under
Bangalore conditions (7) and was subsequently
released in Karnataka. In July, 1991, when I
was in Bangalore I found large populations of
this beetle, feeding on Parthenium, throughout
the city and its environs. Apparently the
experiment may become a success and hope-
fully unhealthy plants will be a focus of attack
by fungi or other organisms.
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