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Abstract

Lantana camara L. is regarded both as a notorious weed and a popular ornamental
garden plant and has found various uses in folk medicine in many parts of the world. Some
taxa of the widely variable L. camara complex are toxic to small ruminants and this effect
has been associated with the types and relative amounts of some triterpene ester metabolites.
However, L. camara also produces a number of metabolites in good yields and some have
been shown to possess useful biological activities. All these aspects are considered in this
review to allow an evaluation of the potential for utilisation of the large biomass of Lantana
available. The phytochemistry of other members of the Lantana genus is included. Q 2000
Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .The genus Lantana Verbenaceae as described by Linnaeus in 1753 contained
w x Žseven species, six from South America and one from Ethiopia 1 . Lantana from

.the Latin lento, to bend probably derives from the ancient Latin name of the
genus Viburnum which it resembles a little in foliage and inflorescence. Lantana is
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ŽFig. 1. Lantana camara L. photo courtesy of Dr R. Randall, Weed Science Group, Agriculture,
.Western Australia .

mostly native to subtropical and tropical America, but a few taxa are indigenous to
tropical Asia and Africa. It now occurs in approximately 50 countries where several
species are cultivated under hundreds of cultivar names. The recorded number of
Lantana species varies from 50 to 270 specific and subspecific entities, but it
appears that a better estimate is 150 species. The genus is a difficult one to classify
taxonomically since species are not stable and hybridisation is widespread, shape of

w xinflorescence changes with age, and flower colours vary with age and maturity 1 .
Lantana camara L., commonly known as wild or red sage, is the most widespread

species of this genus, growing luxuriantly at elevations up to 2000 m in tropical,
w xsub-tropical and temperate regions 2 . The species name, camara, is probably

w xadopted from the West Indian colloquial name for the common species 3 . It is a
woody straggling plant with various flower colours, red, pink, white, yellow and

Ž .violet Fig. 1 . The stems and branches are sometimes armed with prickles or
spines.

The plant is native to tropical and subtropical America. Dutch explorers intro-
duced it into the Netherlands from Brazil in the late 1600s and later explorers from
other countries brought seeds to Europe, Great Britain and North America.
Following its introduction into Hawaii as a garden flower, it soon spread to the
islands of the Pacific, Australia and southern Asia. In a similar way, from Natal it
was rapidly spread by birds to the warmer areas of South Africa. In the 18th and
19th century, nurserymen commercialised and popularised many colourful forms
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and it is now cultivated world-wide as an ornamental plant. Of the 650 cultivar
names in the genus, the majority are associated with the L. camara complex. The
plant is an aggressive, obligate outbreeder weed that has invaded vast expanses of
pastures, orchards and forest areas in many tropical and subtropical regions. It has

w x w xbeen estimated that 4 million hectares in Australia 1,4 and 160 000 in Hawaii 4
are infested with L. camara. It has been regarded as one of the 10 most noxious

w xweeds in the world 2 and much has been written on its encroaching habit,
w xmethods of eradication and control 1]3,5,6 .

Apart from its popularity as a garden plant, L. camara is said to form a useful
hedge and to provide a good preparation for crops, covering the ground with a fine

w xleaf mulch 1 . It improves the fertility of rocky, grave, or hard laterite soils,
enriches the soil, serves to retain humus in deforested areas and checks soil
erosion. It can serve to nurse the parasitic sandalwood seedlings and in the Pacific
islands has been used as a support for yam vines. Lantana leaves and twigs are
often used in India as a green mulch. The ash is rich in potassium and manganese
which is useful in manuring coconut trees. The plant is not readily eaten by cattle
unless pasturage is very scarce. In tropical countries, the ripe blue]black berries

w xare eaten, but ingestion of the green berry has led to human fatalities 4,6 .
In this review, the ethnopharmacology, phytochemistry and toxicity of L. camara

are considered. The biological activities exhibited by some of the metabolites
available from L. camara are discussed and the results of recent studies on the
triterpene inhibitors of human a-thrombin discovered in this plant are presented.
This information provides a basis for the evaluation of L. camara as a useful
source of renewable material.

2. Ethnopharmacology

The plant has been used in many parts of the world to treat a wide variety of
w xdisorders 4 . Lantana camara found use in folk remedies for cancers and tumours.

A tea prepared from the leaves and flowers was taken against fever, influenza and
stomach-ache. In Central and South America, the leaves were made into a poultice
to treat sores, chicken pox and measles. Fevers, cold, rheumatisms, asthma and
high blood pressure were treated with preparations from the plant. In Ghana,
infusion of the whole plant was used for bronchitis and the powdered root in milk

w xwas given to children for stomach-ache 7 . In Asian countries, leaves were used to
treat cuts, rheumatisms, ulcers and as a vermifuge. Decoctions were applied
externally for leprosy and scabies. It has been claimed that a steroid, lancamarone,

w xfrom the leaves exhibited cardiotonic properties 8 and that lantamine, an alkaloid
from the stem bark and roots showed antipyretic and antispasmodic properties

w xcomparable to those of quinine 9 , but the validity of these claims has not been
confirmed. From the leaves, an alkaloid fraction which lowered blood pressure,
accelerated deep respiration and caused shivering in dogs was isolated and it was
suggested that it may be useful in reducing fevers, and as a treatment of asthma

w xand hypertension 10 .
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3. Phytochemistry

The phytochemistry of L. camara has attracted considerable interest mainly
arising from the presence of toxic compounds in certain races. However, a number
of phytochemical reports do not specify the variety investigated and others refer to
various taxa using varietal epithets. The ease with which this plant hybridises
introduces other variables making comparisons difficult. Lantana camara sensu
latu is a complex of many closely related plant taxa and it is considered here as one
species complex.

3.1. Mono- and sesquiterpenes

The early work on Lantana spp was concerned with studies on the essential oils
although they are not high yield producers; for L. camara, the maximum yield
obtained by hydrodistillation from the leaves reached 0.2% and, from the flowers,

w xup to 0.6% 11,12 . The oil is available commercially and recently several studies
have investigated the composition of samples of different origins. A sample
obtained from L. camara trees grown in Brazil had a terpene-like, leathery, fatty,

Ž .and sweaty odour. The constituents were found to be mainly 65% bisabolene
derivatives with only traces of monoterpenes. The sesquiterpenes present were

Ž . Ž . Ž . Ž . Ž .b-curcumene 1.5% , E -nuciferal and Z -nuciferol 3.9% , y -ar-curcumen-15-
Ž . Ž . Ž . Ž . Ž .al 5.6% , g-curcumene 8% , ar-curcumene 9.7% , y -epi-b-bisabolol ; 10% ,

Ž . Ž . Ž .y -g-curcumen-15-al 14.9% . Interestingly, the oil contained compounds 5%
Ž .which incorporate the new italicene skeleton 1 , as epimers at C10, and 7.2% of

Ž . w x Ž .the helifolene aldehydes 2 , as epimers at C7 13,14 . Safrole 1.8% was the only
other significant compound present. Noticeable differences in composition were

w xobserved with samples obtained from different locations in Brazil 15 . By way of
Ž .comparison, oil from Anjouan Comoro Archipelago contained mainly humulene

Ž . Ž . Ž .22% and caryophyllene 15% , and from Reunion, caryophyllene 35% and
Ž .davanone 15% . Samples from Madagascar and Central India were more variable

both in the relative amounts of monoterpenes to sesquiterpenes and in the variety
w xof these 14,16,17 . Subcritical liquid extraction with CO has been used to recover2
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w xthe volatile oil from L. camara 18 . Yields increased from 0.2% obtained by
hydrodistillation to 1.84% on extraction with carbon dioxide.

3.2. Triterpenes

The initial work on the triterpenes was concerned with the structural elucidation
Ž . Ž .of lantadene A 3 and B 4 , the first recognised toxic compounds from L. camara

w x20 . It soon became evident that the content of these two compounds varied; a
sample from Australia yielded both, another one gave lantadene A and only traces

w xof B, whereas a South African sample gave no crystallisable triterpenes 19,21 . In a
detailed study of toxic taxa of L. camara, it was found that lantadene A and B

Ž .predominated up to 2.2% of the dry weight of leaves and stem; approx. ratio 2:1
w x19 . In the course of these and other studies, a number of other triterpenes were

w xidentified and these are represented in Figs. 2 and 3 19]37 . Most interest has
Ž . Ž . Ž . w x Ž . w xbeen shown in the presence of lantadene A 3 , B 4 , C 6 28 and D 7 29 and

Ž .reduced lantadene A 9 because of their demonstrated or suspected toxicity.
Ž . Ž .Lantanolic 14 and lantic acid 26 , originally isolated from an Indian sample of L.

camara, incorporate an oleanane and an ursane skeleton with an unusual hemike-
w xtal arrangement between an alcohol at C-25 and the ketone at C-3 22,23 . The

w xlupeol analogue 30 of lantanolic and lantic acids has also been isolated 19 .
Ž .The material on the surface of the leaves exudate is a mixture of flavonoids,

Ž . w xlantadene A and icterogenin 17 36 . In the roots of both toxic and non-toxic taxa,
Ž . w xoleanolic acid 8 was the major constituent 19 and, in fact, the rootlets and root

Ž . w xbark of L. camara provide a plentiful 2% supply of oleanolic acid 37 .
The structures assigned to the various triterpene metabolites were determined

by classical methods and chemical correlation. Furthermore, X-ray crystallographic
w x w xstudies supported the structures assigned to lantadene A 38,39 , B 40 and C

w x w x40,41 . A method for the TLC separation of lantadene A]D 42 and an HPLC
w xmethod for the quantitation of the lantadenes 43 have been reported.

A recent investigation of the methanolic extract of L. camara has revealed a
suite of euphane triterpene lactones. The presence of these metabolites, which

Ž . w xoccur in trace quantities 0.00004]0.0002% 44 , was detected by using an assay in
which thrombin activity was measured as a function of clot formation from

Ž .fibrinogen. In all, five active principles 31–35 were isolated. The structure of
these compounds was determined by means of spectroscopic methods and con-
firmed by single crystal X-ray crystallographic studies on 31. All compounds were

Ž .potent inhibitors of human thrombin IC 18]130 nM and showed comparable50
Ž . Žactivity to hirudin IC 12 nM , a dried and refined extract of leeches Hirudo50

. w xmedicinalis 44 .

3.3. Iridoid glycosides

A number of iridoid glycosides have been isolated from L. camara. The white,
Ž .pink and red flowering taxa produced significant quantities of theveside 36 which
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Fig. 2. Oleanolic acid derivatives isolated from L. camara.

w xwas present as the sodium salt 45 . Quantitative estimation of the iridoid indicated
Ž .that the stems contained up to 5.8% of the dry weight red in spring and 4.3

Ž . Ž .white and 4.9% pink when harvested in summer. Levels in leaves varied from
Ž .1.0]3.6% in spring and summer, and declined significantly - 0.6% , in both leaves
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Fig. 3. Ursolic acid, lupane and euphane triterpenes isolated from L. camara.

and stems for all three taxa in autumn. As part of a taxonomic study of Lantana,
Ž .greenhouse grown plant were shown to contain the sodium salt of theveside 36 in

Ž . Ž . Ž .both leaves 800 ppm and roots 900 ppm , but theviridoside 37 , the correspond-
Ž . w xing methyl ester 320 ppm , was only found in the roots 46 . Also from the roots,
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Ž .geniposide 38 , the biosynthetic precursor of theveside, has been isolated, together
Ž . Ž . Ž . w xwith 8-epiloganin 39 , shanzhside methyl ester 40 and lamiridoside 41 47,48 .

3.4. Furanonaphthoquinones

The hexane extract of the roots of a sample of L. camara collected in Sri Lanka,
Ž .contained the quinone diodantunezone 42 , previously isolated from L. achyranti-
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w x Ž . w x Žfolia 49 , and its regioisomer 43 50 . The two pairs of inseparable isomers 44,46
.and 45,47 were also isolated from this extract, whereas the methanol extract of the

w xroots contained 48 and 49 50 .

3.5. Fla¨onoids

The acetone wash of the leaves of L. camara contained 3-methoxy-, 3,7-di-
Ž . w x Ž .methoxy- and 3,7,49-trimethoxyquercetin 50–52 36 , whereas hispidulin 53 was

w xisolated from the stems 33 . The flavone glycoside camaraside, isolated from the
w xleaves, was originally assigned the wrong structure 51 which was later corrected to

w x54 52,53 . It has also been isolated from L. camara var. aculeata together with
Ž . w xpectolinarigenin 7-O-b-D-glucoside 55 54 .

3.6. Phenyl ethanoid glycosides

Ž .Verbascoside 56 , a widespread phenylethanoid, has been isolated from L.
w x Ž .camara 55,56 . The Z-isomer of verbascoside 57 has also been found to co-occur

w xwith verbascoside in L. camara var. aculeata 54 but it is useful to note that
trans]cis isomerisation of cinnamoyl esters can occur during manipulation of the

Ž .sample in the light. Isoverbascoside 58 , which often co-occurs with verbascoside,
Ž . w x Ž . Ž .martynoside 59 56 , derhamnosylverbascoside 60 , isonuomioside A 61 and

Ž . w xcalceolarioside E 62 have been isolated from L. camara 57 .

3.7. Miscellaneous compounds

w xAlthough a number of members of the Verbenaceae produce diterpenes 58 ,
w xwith the exception of phytol 19 , none have so far been isolated from L. camara.

The typical plant steroids, b-sitosterol, campesterol, stigmasterol as well as b-
w xsitosterol glucoside have been isolated from the stems of L. camara 19,33 with

w xb-sitosterol found to be present in consistently high yields 19 . Six oligosaccha-
Ž . Ž . Ž . Ž .rides, ajugose 63 , stachyose 64 , verbascotetraose 65 , verbascose 66 , and

Ž . Ž . w xlantanose A 67 and B 68 were isolated from the roots 47 .

4. Toxicology

Some taxa of L. camara are toxic to ruminants and poisoning has been reported
w xfrom Australia, India, New Zealand, South Africa and the Americas 2,59,60 .

Losses are of particular concern in Australia and India. Of 29 taxa found in
w xAustralia, eight have been found to be toxic to livestock 61 . All the toxic taxa

Ž .contained lantadene A and B and both 80 and 200 mgrkg, respectively have been
Ž .shown to be toxic to sheep. The 3b-hydroxy analogue of lantadene A 9 is also

Ž .toxic 40 mgrkg but, normally, does not occur in sufficient quantity to contribute
significantly to the toxicity. The amount estimated to be present in a toxic dose of
Lantana leaves is 3 mgrkg.
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Toxicity is not cumulative and only occurs when sufficient amounts of toxic
plants are consumed at one feed, particularly when hungry stock are introduced
into a Lantana-infested field. Not all species of L. camara are toxic, and, of those
that are, susceptibility to poisoning varies with different animals. It is generally

Ž .accepted that lantadenes A, B, D, compound 9 and icterogenic acid 17 are toxic
to sheep, cattle and goats, but horses, rats, neonatal calves and lambs are not

w xsusceptible to lantadene A 60 . Photosensitisation is the most prominent clinical
sign of poisoning. Photosensitive dermatitis occurs within 1 or 2 days and as the
disease progresses, large areas of skin can become necrotic. Jaundice is prominent
within 2]3 days with yellowing of the sclera and other mucous membranes. Loss of
appetite in poisoned animals occurs within 1 day and there is a decrease in ruminal
motility. The most severely poisoned animals die within 2 days of poisoning, but
usually death occurs after 1]3 weeks after poisoning. The pathology of Lantana
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w xpoisoning has been described 59 . The liver is enlarged and yellow, the gall bladder
is grossly distended, and the kidneys are swollen and pale in colour.

It has been shown that only small amounts of ingested toxins are absorbed. The
oral toxic dose of lantadene A for sheep is 60 mgrkg, whereas 1]3 mgrkg is toxic

w xby intravenous route 60 . Secondly, continuous absorption of the toxins is neces-
sary for the disease to be maintained. Also, the occurrence of ruminal stasis causes
amounts of the toxins to be retained in the rumen. Apparently, incipient liver
injury initiates a reflex which slows ruminal motility. The toxins, adsorbed from the
rumen and small intestine, are transported to liver by portal blood. They are
metabolised in the liver and secreted in bile where they injure bile canalicular
membranes thus inhibiting bile secretion. The effects of cholestasis are retention

Ž . Ž .of bilirubin jaundice , retention of phylloerythrin photosensitisation and ruminal
stasis which maintains levels of toxins in the rumen and allows progress of liver

w xinjury 62 .

5. Bioactivity of metabolites

In this section, the biological activities, other than toxicity to ruminants, of the
more significant metabolites from L. camara are considered.
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5.1. Pentacyclic triterpenes

Ž .The ursolate acetate 27 was found to be active 30 mgrdisk against Staphylococ-
cus aureus and S. typhi with an average antimicrobial index of 0.95 and 0.55. By
comparison, chloramphenicol for S. aureus, and tetracycline for S. typhi had an

w xindex of 1.6 and 0.8 at the same concentration 26 . Both 15 and 27, which were
w xisolated from a sample of L. camara growing in the Philippines 26 , showed high

antimutagenic activity in the mouse. At 6.75 mgrkg they reduced the number of
micronucleated polychromatic erythrocytes induced by mitomycin C by 76.7% and
60%, respectively.

Lantadenes A]C, and compounds 9 and 10 inhibited Epstein]Barr virus activa-
Ž .tion in Raja cells induced by 12-O-tetradecanoylphorbol-13-acetate TPA . Com-

pound 10, lantadene B and C being active even at 10 mol triterpenoidr1 mol TPA,
w xthey could be considered valuable inhibitors of tumour promoters in vivo 63 .

Lantadenes A and B were shown to have inhibitory effects on the two-stage
w xcarcinogenesis of mouse skin papillomas, using 7,12-dimethylbenz a anthracene as

Ž .an initiator and TPA as a promoter. Lantadene B 47 mg , applied before each
treatment of TPA, delayed the formation of papillomas on mouse skin, reduced the

Ž .rate of papilloma-bearing mice by 15% at 20 weeks and reduced the average
Ž . w xnumber of papillomasrmouse 50% at 20 weeks 64 .

Considerable interest has been shown in the anti-inflammatory action of some
w x Ž . Ž .triterpenes 65 . For example, oleanolic acid 8 and ursolic acid 22 have signifi-
Ž . Ž .cant activity IC 2]4, 6 mM as inhibitors of human leucocyte elastase HLE .50

This enzyme participates in the destruction of elastin and plays a role in chronic
disorders such as pulmonary emphysema, cystic fibrosis, hepatitis and rheumatic
arthritis.

Inhibitors of cyclooxygenase isoenzyme, COX-2, are of interest since they exhibit
anti-inflammatory effects with fewer gastrointestinal side effects compared to
non-steroidal anti-inflammatory drugs. Under normal conditions, levels of COX-2
are very low in most cells, but a 10]80-fold increase of COX-2 occurs after
induction by cytokines, growth factors, oncogenes, serum and tumour promoters.
The increased production of prostaglandins, observed at acute and chronic inflam-
mation sites, is thought to be due in part to up-regulation of COX-2. Ursolic and
oleanolic acid possess inhibitory effects on inflammation and on various stages of

w xtumour development 66 . In a recent study, ursolic acid was shown to have COX-2
inhibitory effect with an IC value of 130 mM and a COX-2rCOX-1 selectivity50

w xratio of 0.6. Oleanolic acid showed IC 295 mM and a ratio of 0.8 67 .50

5.2. Tetracyclic triterpenes

Experimental Lantana poisoning, by administration of crude lantadene fraction
from the leaves, was noted to be accompanied by haematological changes in sheep
that indicated an increase in coagulation time and prothrombin time, and a

w xdecrease in blood sedimentation rate, total plasma protein and fibrinogen 68 .
Thrombin inhibitory activity was found to be associated with the euphane lactone
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Fig. 4. Schematic of interactions of 32 at the a-thrombin active site.

w xtriterpenes 31–35 44 which inhibit the blood-clotting cascade via acylation of the
active site Ser 195 residue of thrombin. This acylating activity is generic towards

w xother serine proteases 69 . The lactones 31–35 are potent inhibitors of a-thrombin
and, to a lesser extent, of a-chymotrypsin and other serine proteases. a-Thrombin
is a serine protease that belongs to the trypsin family and has a central role in the
hemostatic process, where it displays both coagulant and anticoagulant activities.

Tight-binding reversible competitive inhibition was shown by compounds 32 and
34. Protease inhibition involves the opening of the lactone ring and acylation of the
active-site serine 195. The IC for a-thrombin, a-chymotrypsin and trypsin was50
0.004, 0.07 and 0.07 for 32 and 0.004, 0.01, 0.12 mM for 34. X-Ray crystallographic
studies of the a-thrombin]32 and a-thrombin]34 complexes showed the inhibitor
in the ring opened form. The hydroxyl group that attacks the seryl ester probably
occupies the position normally taken by water during deacylation of peptide
substrates. A schematic of the a-thrombin]32 complex is shown in Fig. 4. Model

w xcompounds incorporating 5,5 trans-fused indane lactones have been tested as
w xinhibitors of thrombin 70,71 . Although some of these showed significant activity

as HLE, chymotrypsin and human a-thrombin inhibitors, they were relatively
w xunstable in plasma 70,71 . Model compounds containing a lactam had much

enhanced plasma stability compared to their lactone counterparts and showed
w xappreciable in vitro anticoagulant activity 72 .

5.3. Iridoid glycosides

This class of compounds is well represented in plants used in folk medicine for
the preparation of bitter tonics, sedatives, febrifuges, cough medicines, remedies

w xfor wounds and hypotensives 73 . Individual compounds are known to exhibit
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various pharmacological activities including cardiovascular, antihepatotoxic,
choleretic, hypoglycemic, anti-inflammatory, antispasmolytic, antitumour and an-

w xtiviral activity 73 . Of the iridoids so far isolated from L. camara, only geniposide
Ž .38 has been studied in detail. Geniposide inhibited hepatoxicity and the DNA
repair synthesis induced by aflatoxin B1 in rat primary hepatocytes. The possible
mechanism involves enhancement of levels of glutathione S-transferase and GSH

w xperoxidase 74,75 . Intraduodenal administration of geniposide showed a delayed
but potent choleretic action in rats. It was observed that the aglycone, genipin, is

w xthe active agent since geniposide had no effect on intraportal administration 76 .
Iridoid glycosides are known to be hydrolysed in the gastrointestinal tract. In mice,

Ž .geniposide 38 was metabolised to the aglycone genipin which was found in all of
w xthe gastrointestinal tract especially the cecum and the colon 77 . Geniposide is

w x Žhydrolysed by b-D-glucosidases from intestinal bacteria 78,79 . Genipin 50]100
.mgrkg exhibited bile acid-independent choleretic action. Injected into the mesen-

teric vein of rats, genipin markedly increased the bile flow. Interestingly, this effect
Ž .might counteract that shown by the lantadenes. Geniposide 38 and genipin

w xshowed hypolipidemic activity in hyperlipidemic rats 80 . It was also found that
w xgeniposide showed cAMP phosphodiesterase inhibitory activity 81 .

5.4. Furanonaphthoquinones

Recent interest in these compounds arises from their pronounced cytotoxicity to
a range of tumour cell lines. Studies on structural activity relationships revealed
that activity is enhanced by an alkyl group at position 2 and a hydroxyl group at

w x Ž .positions 5 or 8 82 . Diodantunezone 42 was tested for cytotoxicity against KB
epidermoid nasopharynx, K562 human leukaemia and P388 lymphocytic leukaemia

Ž .cell lines and found to be active IC 6.76, 9.2 and 7.94 mmolrl, respectively . The50
Žcorresponding methyl ether showed greater activity IC 1.3, 1.32 and 1.86 mmolrl,50

. w xrespectively 83 . A number of furanonaphthoquinones have been shown to
w xpossess antimicrobial activity against Gram-positive bacteria and fungi 84 , inhibi-

w xtory effects on the Japanese encephalitis virus 85 and pronounced activity against
w xTrypanosoma parasites 86

5.5. Phenylethanoid glycosides

Ž .Verbascoside syn: acteoside, kusaginin is represented in several plant families
w x87 and has been shown to display an interesting spectrum of biological activity. It

Ž . 2qis an inhibitor of PKC protein kinase C , the Ca rphospholipid dependent
protein kinase that plays a crucial role in signal transduction, cell proliferation and

w xdifferentiation 55 . Verbascoside inhibited PKC in a concentration-dependent
manner and showed an IC of 25 mM. The inhibitory effect could be overcome by50
addition of extra ATP, indicating that the interaction with the compound was

w x w xreversible 55 . A more recent study reports IC 9.3 mM 88 . Verbascoside also50
w x w xinhibited rabbit lens aldolase reductase 89 and lipid peroxidation 90 . It exhibited

w x w ximmunomodulating activity 91 and immunosuppressive properties 92 and appar-
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w xently potentiated the anti-tremor effect of L-DOPA 93 . It displayed in vivo activity
Žagainst murine P-388 lymphocytic leukaemia ED 2.6 mgrml compared to50

. w xisoverbascoside ED 10 mgrml 94 , antiproliferative effect in vitro against50
Ž . w x w xL-1210 cells IC 13 mM 55 , analgesic activity 93,95 , protection against oxida-50

w x Ž .tive haemolysis 96 , antibacterial activity E. coli and was active against the
w xAujeszky virus 91 . Verbascoside is a potent cardiotonic and vasodilatory agent

w xand has potential as an antihypertensive agent 97,98 . It markedly increased levels
w x Ž .of cAMP and of prostacyclin 99,100 . The dimethoxy derivative, martynoside 59 ,

Ž .had similar activity and increased 16% chronotropism and coronary perfusion
Ž . w xrate 44% in the Langendorff isolated rat heart 57 .

Ž .Respiratory syncytial virus RSV is a cause of lower respiratory tract infection in
w xinfants and young children 101 . Some infants with RSV lung infection cough

Žexcessively giving symptoms resembling whooping cough. Verbascoside antiviral
.activity, EC 0.80 mgrml; cytotoxicity, IC 76.9 mgrml; selective index, SI 85.450 50

Ž .and isoverbascoside EC 0.0.62 mgrml; IC 51.4 mgrml; SI 84 exhibited activity50 50
against RSV and in vitro these compounds had better antiviral activity than

Ž .ribavirin EC 1.8 mgrml; IC 35 mgrml; SI 19 , an approved drug for treatment50 50
of RSV infections in humans. Overall, RSV inhibition requires two catechol groups

w xand a central sugar unit 101,102 .

6. Phytochemistry of other Lantana species

The phytochemistry of other Lantana species has received much less attention
and a summary of the work carried out is given below.

Ž .From the aerial parts of L. achyrantifolia Desf., the flavones penduletin 69 and
Ž .chrysosplenetin 70 were isolated, whereas the naphthofuranoquinone diodan-

Ž . w xtunezone 42 was isolated from the roots 49 . The presence of the corresponding
methyl ether was suggested, but the compound was not isolated. Closer scrutiny of

Ž .the quinone showed that it was a mixture of the isomers 42, 43 and that it
Ž . w xco-occurred with two other compounds 71, 72 50 . From the extracts of L.

Ž . Ž . w xhybrida, 1- 3-glucosyloxy-4-hydroxycinnamyl glucose 73 103 was isolated, whereas
Ž . w x1-caffeoylrhamnose 74 was obtained from the flowers 104 . Lantana indica Roxb.

is a shrub native to India where it has been used as a sudorific, intestinal antiseptic,
diaphoretic and in the treatment of tetanus, rheumatism and malaria in the

w xAyurvedic system of medicine 105 . The essential oil contained 56 compounds of
which 46 were terpenes. Carvomenthone, linalool, camphor, borneol, terpin-4-ol,
a-terpineol, methyl heptanoate and propyl butanoate contributed to the pleasant

w xsmell 106 . The sterol fraction of the leaves of L. indica contained b-sitosterol
Ž . Ž . w x81% and cholesterol 8% 107 . The leaves also contained a mixture of C ]C23 33
alkanes, the major components being the C , C and C alkanes, and C ]C29 31 33 28 30

w xalcohols 108 . From the roots, oleanolic acid, ursolic acid, 3b-24-dihydroxyolean-
w x w x12-en-28-oic acid 109 and 24-formyl-3-oxoolean-12-en-28-oic acid 105 were

isolated. 24-Hydroxy-3-oxooleanolic acid and methyl-24-hydroxy-3-oxoursolate have
w xalso been identified in L. indica 110 .
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Ž .The monoterpene glucoside ester 75 and verbascoside 56 have been isolated
from the leaves of L. lilacia Desf., preparations from which have been used in the

w xtreatment of bronchitis 111 .
Ž . w xLantana monte¨idensis Spreng. Briq. is a species closely related to L. indica 1 .

Ž .The leaf exudate of L. monte¨idensis has been shown to contain luteolin 76 and
Ž . Ž . w xits 39,7-dimethoxy- 77 and 39,49,79-trimethoxyderivatives 78 37 . A crystalline

carotenoid has been detected in this variety, as well as in several taxa of L. camara,
w xbut its structure was not determined 19 . Interestingly, L. monte¨idensis contains

w xno lantadene A or B or any significant amounts of triterpenes 19 . The essential
oil of L. orangemene was obtained in 0.2% yield and was shown to consist primarily

w xof monoterpenes 112,113 .
Comparative studies on the composition of the essential oils of L. sal̈ ifolia Jacq.

collected at different altitudes in Ethiopia has revealed that samples collected at
Ž .lower altitude 1600 m provided more oil, whereas those from higher altitude

Ž . w x3500 m were richer in more oxygenated components 114 .
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w xLantana trifolia L. is a species used in the folk medicine of Rwanda 115 . The
major components in the essential oil were found to be germacrene D and

w x Ž .caryophyllene 116 . The pentamethoxyflavone, umuhengerin 79 , isolated from
Ž .the leaves, has shown weak antibacterial and antifungal activity at 200 mgrml

w x w x115 . No iridoid glycoside were detected in this species 46 .
Lantana tiliaefolia Cham. is the most common Lantana in Brazil, but it is not

considered a weed because it is controlled by a complex of natural predators such
w xas insects and fungi 117 . Unlike L. camara, the leaves and stems did not contain

lantadene A or B or lupanes and the content of ursane derivatives was higher. In
all, ursonic, ursolic, oleanolic, oleanonic, 24-hydroxy-3-oxo-olean-12-en-28-oic acid

w xand 24-hydroxy-3-oxo-urs-12-en-28-oic were isolated 117 . The iridoid glycosides,
Ž . Ž . Ž . Ž .lamiide 80 45 ppm and durantoside 81 10 ppm , were detected in the roots of

Ž . w xL. ¨iburnoides Forsk. Vahl 46 .

7. Concluding remarks

Despite its popularity as an ornamental plant, it is clear that a number of taxa of
L. camara are aggressive weeds and some pose problem to ruminants feeding on
them. Attempts to control L. camara using mechanical, chemical and biological

w xmeans have met with limited success 2,6 and it appears that an integrated
approach is required. Given that there are large areas infested with this plant, it is
reasonable to consider if large scale use could be made of its biomass. For

Ž .example, liquid CO extraction of the leaves provides reasonable amounts ; 2%2
of essential oil and the roots are considered to be a good source of oleanolic acid
w x37 . The iridoid theveside comprises 6% of the dry weight of the stem of the red

w x Ž .flowering taxa harvested in spring 45 and verbascoside 56 can be obtained in 2%
yield from the leaves and branchlets. The triterpene fraction containing the toxic
lantadenes can readily be separated from the more polar components, the
phenylethanoids and iridoid glycosides, by solvent fractionation. Other biological
activities attributed to various extracts of L. camara warrant further investigation.
Extracts from the flowers have been shown to have a repellent effect on Aedes

w xmosquitoes 118 , extracts from the leaves exhibited insecticidal and allelopathic
w xaction 2 and the essential oil of some taxa demonstrated juvenile hormone activity

w x w x2,119 . The presence of alkaloids in L. camara has been indicated 2,120 , but none
have been identified so far.

References

w x1 Munir AA. J Adelaide Bot Gard 1996;17:1.
w x2 Sharma OP, Makar HPS, Dawra RK. Toxicon 1988;26:975.
w x3 Parsons WT, Cuthbertson EG. Noxious weeds of Australia. Melbourne: Inkata Press, 1992.
w x4 Ross IA. Medicinal plants of the world. Chemical constituents, traditional and modern medical

uses. New Jersey: Humana Press, 1999.
w x5 Swarbrick JT, Willson BW, Hannan-Jones MA. Lantana camara L. In: Panetta FD, Groves RH,



( )E.L. Ghisalberti r Fitoterapia 71 2000 467]486484

Sheperd RCH, editors. The biology of Australian weeds. Meredith, Victoria: RG and FJ
Richardson, 1998:119]140.

w x6 Morton JF. Econ Bot 1994;48:259.
w x7 Irvine FR. Woody plants of Ghana. London: Oxford University Press, 1961.
w x8 Sharma VS, Kaul KN. Indian 59418. Chem Abstr 1959;53:652.
w x9 Sastri BN. The wealth of India, vol. VI. New Dehli: Council of Scientific and Industrial Research,

1962.
w x10 Sharaf A, Naguib M. Egypt Pharm Bull 1959;14:93.
w x11 Ahmed ZF, El-Moghazi Shoaib AM, Wassel GM, El-Sayyad SM. Planta Med 1972;21:282.

¨ ¨w x12 Gildermeister E, Hoffmann Fr. Die Aetherischen Ole, vol. VI. Berlin: Akademie-Verlag, 1961.
w x13 Weyerstahl P, Marschall H, Christiansen C, Seelmann I. Liebigs Ann 1996;1641.
w x14 Weyerstahl P, Marschall H, Eckhardt E, Christiansen C. Flav Fragr J 1999;14:15.
w x15 Da Silva MHL, Andrade EHA, Zoghbi MGB, Luz AIR, Da Silva JD, Maia JGS. Flav Fragr J

1999;14:208.
w x16 Moellenbeck S, Koenig T, Schreier P, Schwab W, Rajaonarivony J, Ranarivelo L. Flav Fragr J

1997;12:63.
w x17 Ngassoum MB, Yonkeu S, Jirovetz L, Buchbauer G, Schmaus G, Hammerschmidt F-J. Flav Fragr

J 1999;14:245.
w x18 Vasudevan P, Tandon M, Pathak N et al. J Sci Ind Res 1997;56:662.
w x19 Hart NK, Lamberton JA, Sioumis AA, Suares H. Aust J Chem 1976;29:655.
w x20 Barton DHR, de Mayo P, Warnhoff FW, Jeger O, Perold GW. J Chem Soc 1954;3689.
w x21 Barton DHR, de Mayo P, Orr JC. J Chem Soc 1956;4160.
w x22 Barua AK, Chakrabarti P, Dutta SP, Mukherjee DK, Das BC. Tetrahedron 1971;27:1141.
w x23 Barua Ak, Chakrabarti P, Sariyal PK, Das BC. J Indian Chem Soc 1969;46:100.
w x24 Barua Ak, Chakrabarti P, Sariyal PK, Basu K, Nag K. J Indian Chem Soc 1972;49:1063.
w x25 Begum S, Raza SM, Siddiqui BS, Siddiqui S. J Nat Prod 1995;58:1570.
w x26 Barre JT, Bowden BF, Coll JC et al. Phytochemistry 1997;45:321.
w x27 Barua Ak, Chakrabarti P, Chowdury MK, Basak A, Basu K. Phytochemistry 1976;15:987.
w x28 Johns SR, Lamberton JA, Morton TC, Suares H, Willing RI. Aust J Chem 1983;36:1895.
w x29 Sharma OP, Dawra RK, Ramesh D. Phytochemistry 1990;29:3961.
w x30 Siddiqui BS, Raza SM, Begum S, Siddiqui S, Firdous S. Phytochemistry 1995;38:681.
w x31 Pan WD, Li YJ, Mai LT et al. Yaoxue Xuebao 1993;28:40. Chem Abstr 1993;119:221614.
w x32 Lai J-S, Huang J-Y, Huang K-F. Chin Pharmaceut J 1996;48:451.
w x33 Lai J-S, Chan J-F, Huang K-F. Chin Pharmaceut J 1998;50:385.
w x34 Singh SK, Singh A, Tripathi VJ, Finzi PV. J Indian Chem Soc 1996;73:547.
w x35 Sharma OP, Sharma PD. J Sci Ind Res 1989;48:471.
w x36 Wollenweber E, Dorr M, Muniappan R, Siems K. Biochem Syst Ecol 1997;25:269.
w x37 Misra LN, Dixit AK, Sharma RP. Planta Med 1997;63:582.
w x38 Sharma OP, Dawra RK, Pattabhi V. J Biochem Toxicol 1991;6:57.
w x39 Pattabhi V, Sukumar N, Sharma OP. Acta Crystallogr Sect C: Cryst Stuct Commun 1991;C47:810.
w x40 Nethaji M, Rufes C, Sadasivan C, Pattabhi V, Sharma OP. J Crystallogr Spectrosc Res 1993;23:469.
w x41 Sharma OP, Vaid J, Pattabhi V, Bhutani KK. J Biochem Toxicol 1992;7:73.
w x42 Sharma OP, Dawra RK. J Chromatogr 1991;587:351.
w x Ž .43 Sharma OP, Singh A, Sharma S. Fitoterapia 2000 in press .
w x44 O’Neill MJ, Lewis JA, Noble HM et al. J Nat Prod 1998;61:1328.
w x45 Ford CW, Bendall MR. Aust J Chem 1980;33:509.
w x46 Rimpler H, Sauerbier H. Biochem Sys Biol 1986;14:307.
w x47 Pan WD, Li Y, Mai LT, Ohtani K, Kasai R, Tanaka O. Yaoxue Xuebao 1992;27:515. Chem Abstr

1993;118:35863.
w x48 Pan WD, Li Y, Mai LT, Ohtani K, Kasai R, Tanaka O. Zhongcaoyao 1992;23:12. Chem Abstr

1992;116:231944.
w x49 Dominiguez XA, Franco R, Cano G, Garcia FMC, Dominiguez S, de La Pena ML. Planta Med

1983;49:63.



( )E.L. Ghisalberti r Fitoterapia 71 2000 467]486 485

w x50 Abeygunawardena C, Vijaya K, Marshall DS, Thomson RH, Wickramaratne DBM. Phytochem-
istry 1991;30:941.

w x51 Horie T, Shibata K, Yamashita K, Kawamura Y, Tsukayama M. Chem Pharm Bull 1997;45:446.
w x52 Pan WD, Mai LT, Li YJ, Xu XL, Yu DQ. Yaoxue Xuebao 1993;28:35. Chem Abstr

1993;119:221613.
w x53 Verma DK, Singh SK, Tripathi V. Indian Drugs 1997;34:32.
w x54 Mahato SB, Sahu NP, Roy SK, Sharma OP. Tetrahedron 1994;50:9439.
w x55 Herbert JM, Maffrand JP, Taoubi K, Augereau JM, Fouraste I, Gleye J. J Nat Prod 1991;54:1595.
w x56 Syah YM, Pennacchio M, Ghisalberti EL. Fitoterapia 1998;69:285.
w x57 Taoubi K, Fauvel MT, Gleye J, Moulis C, Fouraste I. Planta Med 1997;63:192.
w x58 Hegnauer R. Chemotaxonomie der Pflanzen IX. Basel: Birkhaauser Verlag, 1990.¨
w x59 Seawright AA, Everist SL, Hrdlicka J. Comparative features of Lantana, Myoporum and Pimelia

toxicities in livestock. In: Keeler RF, Tu AT, editors. Handbook of natural toxins, vol. VI, plants
and fungal toxins. New York: Marcel Dekker, 1983:511]541.

w x60 Pass MP. Poisoning of livestock by Lantana plants. In: Keeler RF, Tu AT, editors. Handbook of
natural toxins, vol. VI, toxicology of plants and fungal compounds. New York: Marcel Dekker,
1991:297]311.

w x61 Hart NK, Lamberton JA, Sioumis AA, Suares H, Seawright AA. Experientia 1976;32:412.
w x62 Pass MP. Aust Vet J 1986;63:169.
w x63 Inada A, Nakanishi T, Tokuda H, Nishino H, Iwashima A, Sharma OP. Planta Med 1995;61:558.
w x64 Inada A, Nakanishi T, Tokuda H, Nishino H, Sharma OP. Planta Med 1997;63:272.
w x65 Safayhi H, Sailer E-R. Planta Med 1997;63:487.
w x66 Hsu H-Y, Yang J-J, Lin C-C. Cancer Lett 1997;111:7.
w x67 Ringbom T, Segura L, Noreen Y, Perera P, Bohlin L. J Nat Prod 1998;61:1212.
w x68 Uppal RP, Paul BS. Indian Vet J 1982;59:18.
w x69 Weir MP, Bethell SS, Cleasby A et al. Biochemistry 1998;37:6645.
w x70 Finch H, Pegg NA, McLaren J et al. Bioorg Med Chem Lett 1998;8:2955.
w x71 Pass M, Bolton RE, Coote SJ et al. Bioorg Med Chem Lett 1999;9:431.
w x72 Pass M, Abu-Rabie S, Baxter ACR et al. Bioorg Med Chem Lett 1999;9:1657.
w x73 Ghisalberti EL. Phytomedicine 1998;5:147.
w x74 Wang SW, Lai CI, Wang CJ. Cancer Lett 1992;65:133.
w x75 Tseng TH, Chu CY, Wang CJ. Oncol Rep 1994;1:165.
w x76 Aburada M, Takeda S, Shibata Y, Harata M. J Pharmacobio-Dyn 1978;1:81. Chem Abstr

1978;89:208861.
w x77 Yamauchi K, Fujimoto N, Kuwano S, Inouye H, Inoue K. Planta Med 1976;30:39.
w x78 Yang L, Akao T, Kobashi K. Biol Pharm Bull 1996;19: 705. Chem Abstr 1996;125:4105.
w x79 Kawata Y, Hattori M, Akao T, Kobashi K, Namba T. Planta Med 1991;57:536.
w x80 Hatta A. Toho Igakkai Zasshi 1993;40:16. Chem Abstr 1993;119:108653.
w x81 Miyokawa N, Suzuki H, Nikaido T, Ohmoto T. Yakugaku Zasshi 1992;112:534.
w x82 Hirai KI, Koyama J, Pan JH et al. Cancer Detection Prev 1999;23:539.
w x83 Perry PJ, Pavlidis VH, Hadfield JA. Tetrahedron 1997;53:3195.
w x84 Nagata K, Hirai KI, Koyama J, Wada Y, Tamura T. Antimicrob Agents Chemother 1998;42:700.
w x85 Takegami T, Simamura E, Hirai KI, Koyama J. Antivir Res 1998;37:37.
w x86 Moideen SVK, Houghton PJ, Rock P, Croft SL, Aboagye-Nyame F. Planta Med 1999;65:536.
w x87 Jimenez C, Riguera R. Nat Prod Rep 1994;12:591.´
w x88 Zhou B-N, Bahler BD, Hofmann GA, Mattern MR, Johnson RK, Kingston DGI. J Nat Prod

1998;61:1410.
w x89 Kohda H, Tanaka S, Yamaoka Y et al. Chem Pharm Bull 1989;37:3153.
w x90 Zhou YC, Zheng RL. Biochem Pharmacol 1991;42:1177.
w x91 Molnar J, Gunics G, Mucsi I et al. Acta Microbiol Hungar 1989;36:425.
w x92 Sasaki H, Nishimura H, Morota T et al. Planta Med 1989;55:458.
w x93 Andary C, Privat G, Chevallet P, Orzalesi H, Serrano JJ, Bouchard M. Farm Ed Sci 1980;35:3.
w x94 Pettit GR, Numata A, Takemura T et al. J Nat Prod 1990;53:456.
w x95 Andary C, Wylde R, Lafitte C, Privat G, Winternitz F. Phytochemistry 1982;21:1123.



( )E.L. Ghisalberti r Fitoterapia 71 2000 467]486486

w x96 Li J, Wang PF, Zheng R, Liu ZM, Jia Z. Planta Med 1993;59:315.
w x97 Ahmad M, Rizwani GH, Aftab K, Ahmad VU, Gilani AH, Ahmad SP. Phytother Res 1995;9:525.
w x98 Pennacchio M, Syah YM, Ghisalberti EL, Alexander E. J Ethnopharmacol 1996;53:21.
w x99 Pennacchio M, Alexander E, Ghisalberti EL. Eur J Pharmacol 1996;305:169.
w x100 Pennacchio M, Syah YM, Alexander E, Ghisalberti EL. Phytother Res 1999;13:254.
w x101 Kernan MR, Amarquaye A, Chen JL et al. J Nat Prod 1998;61:564.
w x102 Chen JL, Blanc P, Stoddart CA et al. J Nat Prod 1998;61:1295.
w x103 Imperato F. Phytochemistry 1976;15:1786.
w x104 Imperato F, Di Leo C, Trovato P. Phytochemistry 1975;14:2725.
w x105 Singh Sk, Tripathi VJ, Singh RH. J Nat Prod 1991;54:755.
w x106 Saeed T, Sandra P, Verzele M. Riv Ital EPPOS 1979;61:130.
w x107 Goyal MM, Kumar K. Indian Drugs 1984;22:41.
w x108 Goyal MM, Kumar K. Acta Cienc Indica Chem 1988;14:107.
w x109 Singh Sk, Tripathi VJ, Singh RH. Phytochemistry 1990;29:3360.
w x110 Singh Sk, Tripathi VJ, Singh RH. Indian Drugs 1989;26:395.
w x111 Takeda Y, Takechi A, Masuda T, Otsuka H. Planta Med 1998;64:78.
w x112 Baslas RK, Kumar P. J Indian Chem Soc 1980;57:760.
w x113 Baslas RK, Kumar P. J Sci Res 1980;2:155.
w x114 Rovesti P. Riv Ital EPPOS 1981;63:255. Chem Abstr 1981;95:129361.
w x115 Johns SR, Lamberton JA, Morton T, Suares H, Willing RI. Aust J Chem 1983;36:2537.
w x116 Muhayimana A, Chalchat J-C, Garry R-P. J Essent Oil Res 1998;10:547.
w x117 Rwangabo PC, Claeys M, Pieters L, Corthout J, Vanden Berghe DA, Vlietinck AJ. J Nat Prod

1988;51:966.
w x118 Dua VK, Gupta NC, Pandey AC, Sharma VP. J Am Mosquito Control Assoc 1996;12:406.
w x119 Singh G, Upadhyay RK. J Sci Ind Res 1993;52:676.
w x120 Tewari SN, Singh AK. Chem Era 1978;14:360.


