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ABSTRACT

The composition of the essential oil from Lantana camara L. (Verbenaceae) obtained by hydrodistillation of the aerial parts was examined by GC, GC/
MS, and C-NMR. The GC analysis showed that carvone is the most abundant monoterpene 75.9%, together with limonene 16.9%, accounting for 92.8% of the
oil. The major components were also tested by *C-NMR analysis of the essential oil. The L. camara oil was assayed against several microorganisms, showing
moderate antibacterial activity against the human pathogen Staphylococcus aureus (MIC 200 pg/ml). High antioxidant activity evaluated by the Trolox equivalent
antioxidant capacity assay (TEAC) was found (29.0 mmol Trolox/kg) and relative low anti-inflammatory activity due to its weak ability for inhibiting lipoxygenase

(IC,,=81.5 pg/ml).
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INTRODUCTION

Lantana camara L. (Verbenaceae) is a hairy shrub native to Central
and South America. This plant has been introduced in many countries as
an ornamental or hedge plant, and is now a highly invasive weed in many
places around the world. In Peru, L. camara (locally named as “yerba de la
maestranza” and “siete colores”)! has been completely naturalized throughout
the coast. Different parts of the plant are used in folk and traditional medicine
systems for the treatment of health disorders including tetanus, malaria, tumors,
and rheumatism, as well as also symptoms such as itches, dermatitis, ulcers,
swellings, catarrh, dysentery, bilious fever, and eczema'*.

The essential oils (EOs) derived from leaves and flowers of different colors
of L. camara isolated by diverse methods and collected in different locations
and seasons have been previously investigated, showing great variation in
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their chemical composition (Table 1). In general, B-caryophyllene was the
sesquiterpene identified in all essential oils from different origins (6-35%).
The EOs of L. camara showed a wide spectrum of antibacterial and antifungal
activities®”.

Antioxidant and (Rosas-Romero & Saavedra, 2005) and anti-inflammatory
activities”!! of several extracts of L. camara from different origins have
been reported, but to the best of our knowledge this is the first report on
the composition and biological activity of EO obtained from the Peruvian
specimens of L. camara.

Here we report the analysis of EO from aerial parts of L. camara (yellow
flowers) collected in Trujillo, Peru, and its biological activity against human
pathogenic bacteria, as well as its antioxidant and anti-inflammatory activity.
Our previous studies have demonstrated that Peru EO is enriched in carvone
and limonene.
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Table 1. Main constituents of the essential oils of Lantana camara from different geographical origins previously reported

ﬁ;t:]g?:) n Indl;giara Main components g%centage Origin Part of plant Type of isolation Reference
1612 B-Caryophyllene 13 Cameroon Leaves +
1780 ar-Curcumene 25 (West flowers Hydrodistillation 19
2004 Caryophyllene epoxide 7 Africa)
1123 Sabinene 7
1612 B-Caryophyllene 11
1724 Zingiberene 19 Cameroon Leaves Hydrodistillation 19
1780 ar-Curcumene 16
2031 Nerolidol 11
1612 B-Caryophyllene 8
1780 ar-Curcumene 27 Cameroon Flowers Hydrodistillation 19
2031 Nerolidol 13
1612 p-Caryophyllene 20 :
1724 Zingiberene 11 Cameroon Leaves EZ?Ssgace by dynamic 19
1780 ar-Curcumene 27
: + T
%gél‘é ]B)g/zrggr?:yllene g Madagascar ﬁgsyeerss Hydrodistillation 19
3
iég g-(-](;?;iléehyllene %(9) Madagascar | Not referred Not referred 2
Davanone 23-26
B-Caryophyllene 11-14
Sabinene 9-11
Linalool - .
- 1 S?C(i)r(l)eole i—g Aerial part i o
Not determined ? Madagascar | (pink-violet Steam distillation 2
a-Humulene 4-5 i
. owers)
B-Bisabolene 2
ar-Curcumene 1-2
Caryophyllene oxide 1
y-Cadinene <0.5
B-Caryophyllene 26-31
B-Bisabolene 14-15
Sabinene 9-14
y-Cadinene 1-5 Aerial part
Not determined o-Humulene 23 Madagascar | (yellow-orange Steam distillation 2!
ar-Curcumene 1-3 b
1,8-Cineole 1 awers)
Linalool 0.4-1
Davanone 0-1
Caryophyllene oxide <05
B-Caryophyllene 16
Davanone 12
Not determined ]1“1;; %901 ; Madagascar | Commercial Not referred 2
,8-Cineole 4
B-Bisabolene 2
y-Muurolene 1
1427 B-Caryophyllene 21
1460 a-Humulene 11
1487 Germacrene D 4
1500 Bicyclogermacrene 9 Brazzaville
1550 Elemol 3 (Congo) Leaves Hydrodistillation 2
1560 Nerolidol 4 &
1577 Caryophyllene oxide 4
1640 Cubenol 2
1643 a-Cadinol 2
968 Sabinene 13 Republi
1020 1,8-Cineole 9 Ronin
1419 p-Caryophyllene 19 OW etmn Leaves Hydrodistillation 7
1451 a-Humulene 10 I(Afefs e)rn
1495 5-Guayene 5 fica
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1474 ar-Curcumene 10
1474 y-Curcumene 8 Brazil Commercial Distillation 23
1658 epi-B-bisabolol + others 14 (not referred)
1746 (-)-y-Curcumen-15-al 15
974 Sabinene 9 State of
1028 D rene i3 &mi‘gﬁ peaves Tthin | Hydrodistillation 2
1419 B-Caryophyllene 11 Brgzil) ches
1480 Germacrene D 13
State of
1419 B-Caryophyllene 6 : -
1480 Germacrene D 28 Roraima Leaves + thin Hydrodistillation 2
1555 Germacrene B 9 g\iggg branches
1453 o-Humulene 11 State of )
1484 *({;—(ricurlcnuer;lzne +ar- 28 Para (North ]l;re:IX:ehse: thin Hydrodistillation 2
1500 al-IZi;llgiberene 19 Brazil)
1453 o-Humulene 10 State of
1484 Z;l?clﬁrcr:ggzne rar 32 Para (North | Flowers Hydrodistillation 2%
1500 a-Zingiberene 16 Brazil
B-Pinene 0.2-3
gg% } } ?7‘ Myrcene 2-4
1425 1628 trans-B-Caryophyllene 14-15 Hydrodistillation;
1490 1760 Bicyclosesquiphellandrene 16-18 Leaves + Microwaves
1494 1726 a-Zingiberene Colombia branches hydrodistillation; SFE; »
1509 1740 E,E-a-Farnesene 5-6 Dynamic headspace
y-Bisabolene 3-4 extraction
1515 1758 trans-f-Caryophyllene 3-4
1581 1966 A Tyophy
oxide 4-9
1020 1,8-Cineole 10
975 Sabinene 17
1419 B-Caryophyllene 14 Iran ]ﬁgafrz * Hydrodistillation »
1450 o-Humulene 6
1491 Bicyclogermacrene 8
1020 1,8-Cineole 6
975 Sabinene 7 Leaves +
1419 B-Caryophyllene 23 Iran flowers Steam distillation 2
1450 o-Humulene 11
1491 Bicyclogermacrene 18
B-Caryophyllene 35
Geranyl acetate 22
Not determined Terpinyl acetate 6 India Aerial Parts Not referred 3
Bornyl acetate 4
D-limonene 2
1380 o-Copaene 5
1391 B-Elemene 7
1425 B-Caryophyllene 9 Northern )
1434 a-Cadinene 3 India Leaves ’
1484 Germacrene D 21
1498 v-Elemene 10
1380 a-Copaene 11
1391 B-Elemene 15
1425 B-Caryophyllene 7 Northern 2
1434 a-Cadinene 7 India Flowers
1484 Germacrene D 11
1498 v-Elemene 7
864 Germacrene D 16
ol g:g;‘g‘g;%nyeuene 0 South China | Aerial parts Steam distillation 6
905 Germacrene B 6
B-Caryophyllene (10-30%)/
sabinene (30%)/bisabolenes Eavnt Leaves + 2%
(15%)/B-sesquiphellandrene gyp flowers
(>10%)

2GC Column
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MATERIAL AND METHODS

Plant material

L. camara plants with yellow flowers were collected in January 2007 from
Trujillo at 32 m.a.l.s., in the region of La Libertad, Pert, and identified by
Prof. Fredy Pelaéz from the “Herbario Truxillense de la Facultad de Ciencias
Biologicas de la Universidad Nacional de Trujillo.” A voucher sample under
accession N° 932 was deposited in this herbarium.

Oil essential isolation

Air dried aerial parts, 40 g, were subjected to hydrodistillation for 5 h
using a Clevenger-type apparatus. The oil yield on a moisture-free basis was
4.5% (wiw).

GC and GC-MS analysis

Chromatographic analysis of the oil of L. camara was carried out on a
Hewlett Packard 5890 series II GC equipped with an Automatic Sampler
HP 6890 series injector linked to two injector modules, two flame ionization
detectors and two columns, together with a computer station for data treatment.
The columns were an OV-101 fused silica (50 m x 0.25 mm, 0.25 pm film
thickness) and Supelco wax10 (30 m x 0.25 mm, 0.25 um film thickness). Oven
temperature was held at 70°C for 5 min and then programmed to 220°C at 2°C/
min. The detector and injector were kept at 250°C and 240°C, respectively.
Helium was used as carrier gas, at constant pressure 55 kPa for the OV-101 and
45 kPa for the Supelco wax10. A 1 pl of oil was injected. The identification of
the essential oil components is given in Table 2 and was made by comparison
of their retention indices (RI) obtained from calculated values relative to C,-C,
n-alkanes. The intensity of each peak was integrated. The sample was analyzed
three times. The average peak areas of all GC signals were added together
and the percentage of each component peak was calculated by comparing its
average area to the total area.

The GC-MS analysis for identification of compounds was carried out in a
Carlo Erba HRGC-MS gas chromatography equipped with a KRATOS mass
detector model MS25RF (sector instrument) and a HP-5MS column (30 m x
0.25 mm, 0.25 pm film thickness), carrier gas helium, constant pressure 90
kPa, split 1:20. The oven was programmed initially from 70°C with 2 min
hold up time to the final temperature of 250°C with 5°C/min ramp. The final
temperature hold time was 5 min. The inlet and GC/MS interface temperatures
were kept at 250°C and 280°C, respectively. The temperature of EI 70 eV
source was 200°C with full scan (25-450m/z), scan time 0.3 s. The mass
spectra of essential oil components were identified by comparing the mass
spectra of the analytes with those of authentic standards from the mass spectra
of Wiley 6.0 and Mass Spectra Library (NIST 98), and with corresponding data
of components from reference oils analyzed in our laboratory.

NMR Spectroscopy

The BC and DEPT spectra were recorded on a Bruker AMX300
spectrometer operating at 75.468 MHz equipped with a 5 mm QNP probe
at room temperature. The EO (150 mg) was dissolved in deuterochloroform
(0.5 ml), with all chemical shift values (9) refer to tetramethylsilane (TMS) as
internal standard and are given in ppm. C-NMR spectra were recorded with
the following parameters: spectral width of 27777 Hz under low-power proton
decoupling and *C pulse width of 7.5 ps, 45° excitation pulse, 2 s relaxation
delay (D1) between scans, acquisition time of 3.867 s, line broadening of 1.0
Hz, for 64K data table. The number of accumulated scans was 1 K (1024)
and the plot limits +230 to -6 ppm. Chemical shifts and peaks attribution of
BC-NMR spectra were made according to those in the literature'? and carvone
and limonene standards. Multiplicities were obtained by 45, 90, and 135° DEPT
experiments while relative intensity was determined as relative percentage of
NMR peak height.

Screening for antimicrobial activity

All microorganism strains were obtained from the Culture Collection of
Industrial Microorganisms (CCMI) Laboratério de Microbiologia Industrial,
Lisbon, Portugal. Bacteria: Escherichia coli CCMI1 270, Listeria monocytogenes
CCMI 1106 Micrococcus luteus CCMI 322, Pseudomonas aeruginosa CCMI
331, Streptococcus faecium CCMI 338, Staphylococcus aureus CCMI 335,
Streptococcus faecium CCMI 338 were used in a quantitative bioassay. Brain
Heart Infusion (Merck, Darmstadt, Germany) was used as culture medium. The
temperature and incubation time were 37°C at 24 h, except for M. luteus which
was incubated at 30°C for 48 h. The antimicrobial activity of essential oil was
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determined by the broth dilution method". The following concentrations were
tested: 200, 100, 50, 25, and 12.5 pg/ml. After incubation the microbial growth
was examined. The results are expressed in Minimal Inhibitory Concentration
(MIC), the weakest concentration of essential oil yielding no visible growth.
The bactericidal/bacteriostatic activity was determined by a sub-cultivation of
the samples in normal culture media at appropriate temperature and incubation
times. The MIC of each compound was determined at least twice. The essential
oil was dissolved in dimethylsulphoxide (DMSO) (Merck, Darmstadt,
Germany).

Antioxidant activity

Green ABTS™ radicals were generated by oxidizing 7 mM aqueous
solution of colorless ABTS [2,2"-azinobis(3-ethylbenzothiazoline-6-sulphonic
acid)] with 2.45 mM potassium persulfate and allowing the mixture to stand
in the dark at room temperature for 12-16 h before use. Radical scavenging
capacity was measured against ABTS" using 10 pl of oil samples or Trolox
diluted with 900 ul of ABTS™ solution, and the absorbance reading was taken 1
min after initial mixing at 734 nm. The results were calculated using a standard
curve prepared with Trolox and expressed as mM of Trolox equivalents per Kg
of essential oil of L. camara.

5-Lipoxygenase assay

The assay mixture contained 10 pl of oil dissolved in DMSO and Tween
20, 0.1 M potassium phosphate buffer (pH 6.3, 2.95 ml) and 100 pM linololeic
acid. The reaction is initiated with the addition of 100 U 5-lipoxygenase diluted
with phosphate buffer kept at 4°C. The increase in absorbance at 234 nm
was recorded for 10 min. The percentage inhibition of enzyme activity was
calculated by comparison with the negative control constituted by DMSO and
Tween 20. The percentage of enzyme activity was plotted against concentration
of the oil. The IC, value is the concentration of the L. camara oil that caused
50% enzyme inhibition. Nordihydroguaiaretic acid (NDGA) represented the
positive control.

RESULTS AND DISCUSSION

The results of the GC and GC-MS analyses are listed in Table 2.
Identification of the components was based on the comparison of the GC
retention indices (RI) on polar and non-polar columns, determined relative to
the retention time of a series of n-alkanes with linear interpolation with those
of standards and with our essential oils database. The GC analysis of these EO
showed that carvone is the most abundant monoterpene 75.9%, together with
limonene 16.9% making up 92.8% of the total oil. Peru oil also contains traces
of sabinene, p-cymene, terpinene, B-caryophyllene and germacrene D. The
presence of the two major components was confirmed by MS, *C and DEPT
NMR analysis (Table 3). The chemical shift values of the all carbons were
compared with those reported for other oils'> and with carvone and limonene
standards. *C-NMR provided qualitative information on the total oil content
of L. camara aerial parts.
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Table 2. Percentage composition of essential oil components identified in Antibacterial activity of L. camara EO was evaluated against the human
Lantana camara collected in Trujillo, Peru. pathogens E. coli, P. aeruginosa, S. aureus, S. faecium and the food spoilages
1 Relative content Mode of M luteus a_nd L._ monocytogenes. The EO inh.ibited the _gr_owth of S aureus
Compound RI (%) identification with bacteriostatic activity at 200 pg/ml but did not exhibit any antibacterial
- activity against other microorganisms tested (MIC were >200 pg/ml). Some
ot-T‘huJene 916 0.4 RI, M§ authors® reported the activity of L. camara oil from India against S. aureus,
o-Pinene 925 0.1 RI, MS E. coli, and P. aeruginosa. Peru oil did not show activity against the last two
Camphene 941 0.1 RI, MS microorganisms, but the results are not comparable because the methodologies
Sabinene 964 02 RI, MS used and the chemical composition of the oils is different. The antibacterial
activity may be related to the chemical proportion of the main compounds,
Myrcene 979 0.4 RI, MS carvone and limonene, as well to the minor components present in our EO.
o-Phellandrene 1000 0.1 RI, MS Some authors'* detected that isolated (R)-(+)-isomers of limonene and carvone
p-Cymene 1014 0.2 RI, MS appeared to be much more potent against a range of bacteria when compared
Limonene 1025 16.9 RI, MS, NMR to the essential oils where they occur. However, these authors also observed
- ; that corresponding (S)-(-)-isomers may exhibit different activities which
cis-Ocimene 1028 0.6 RI, MS could be due to the synergism of the minor components present in EOs.
trans-Ocimene 1037 0.1 RI, MS Indeed, chemically the EOs are quite complex mixtures of a large variety
Linalool 1081 0.7 RI, MS of constituents, and theirs antimicrobial activity can be attributed to several
cis-Limonene oxide 1118 0.1 RI, MS active compounds as well as to the synergetic effects between them and to
Menthone 1136 02 RL MS the dilfferent pr](()po'rtio;ls ir:j .\;féliclil they arle'preilsent ip 't}}e mixtures. Thus, this
: > complexity makes it often difficult to explain the activities.
Isomenthone 1153 0.2 RI, MS Several assays have been frequently used to estimate antioxidant capacities
cis-Dihydrocarvone 1175 0.1 RI, MS in essential oils, including 2,2"-azinobis(3-ethylbenzothiazoline-6-sulphonic
D acid) (ABTS)'>'6. This method is based on the ability of antioxidants to quench
trans-Dihydrocarvone 1182 0.2 RI, MS the ABTS radical cation relative to that of Trolox (water-soluble vitamin E
trans-Carveol 1206 0.2 RIL, MS analogue). The activity found for L. camara was 29.0 mmol Trolox/kg. This
Carvone 1228 75.9 RI, MS, NMR value is similar to that obtained by some authors'® for Origanum vulgare
Piperitone 1235 0.8 RI, MS L. oil (25.1 mmol Trolox/kg) and higher than that of Lippia alba Mill. oil
Carvone oxide 1251 03 RL MS (14.4 mmol Trolox/kg) in which carvacrol and carvone predominated in the
— : respective oils. The authors attributed the antioxidant activity of O. vulgare
Piperitenone 1317 0.5 RL, MS oil to the relatively large amount of carvacrol, but in the same work other
B-Bourbonene 1391 0.5 RI, MS essential oils also showed values close to that observed for oregano oil, and
B-Elemene 1394 02 RI, MS they were constituted by trans-anethole (Pimpinella anisum L.) (24.3 mmol
Trolox/kg), ledol (Lepechinia schiedeana) (25.7 mmol Trolox/kg), and linalool
p-Caryophyllene 1426 0.1 RI, MS (Cananga odorata) (38.6 mmol Trolox/kg). Comparing these results with ours,
Germacrene D 1486 0.9 RI, MS we can consider that the carvone-rich oil of L. camara from Peru possesses a
Nerolidol 1546 0.1 RI, MS particularly high antioxidant capacity. Such results may be partially explained

by the presence of carvone, a a,fB-unsaturated ketone, which is more active
'Retention Indices identical to bibliography calculated through Kovats  than ketone monoterpenes according some authors'’. Until now, only extracts
Indices on the OV-101 column. of L. camara from Bolivia were reported as good antioxidants when evaluated

by two other methods: B-carotene bleaching technique and DPPH free radical
Table 3. Spectral assignments of main monoterpenes detected in *C-NMR technique.

spectrum of Lantana camara essential oil Inflammation is a normal pathophysiological response to the attack
5 o Assig- of infectious agents or to physical, chemical or traumatic injuries. The
Peak | Compound (ppm) | Intensity | nment mechanism of inflammation involves complex cascades of events in which the
pro-inflammatory leukotrienes, resulting from the metabolism of arachidonic
! Carvone 15.29 78 CH, (C-7) acid have an important role. The enzyme 5-lipoxygenase, which promotes
2 Carvone 20.09 74.9 CH, (C-10) the oxidation of arachidonic acid, is involved in the formation of this class of
3 Limonene 20.40 15.9 CH, (C-10) messengers'®. The concentration of L. camara oil that produced a 50% inhibition
2 Limonenc 2308 178 CH, (C-7) ) ; (IC,)) of hpoxygenase; was 81.5 ug/ml, not as gOf)d as the pf)?lthe control
- (49.5 pg/ml). According to an arbitrary relative in vitro anti-inflammatory
5 Limonene 27.50 | 205 CH, (C3) PN activity scale established by Baylac and Racine'®, we can consider that the
6 Limonene 30.18 19.2 CH, (C-5) ) s L. camara oil from Peru possesses a weak activity (51<IC,£100 mg L/1)
7 Limonene 30.40 19.9 CH, (C-2) | when assessed by this method. Extracts of L. camara have revealed anti-
3 Carvone 30.89 976 CH. (C-5) ; 0 mﬂammatory activities”!!, but such r@s.ults cannot be dlrect_ly compared to
- 2 Carvone Limonene ours since the methods used for anti-inflammatory evaluations were quite
9 Limonene 4066 | 159 CH (G4 different. Some authors'® also reported anti-inflammatory activity in extracts
10 Carvone 42.08 100.0 CH (C-4) of L. camara in which saponins, tannins and flavonoids were present. The
11 Carvone 42.71 85.6 CH, (C-3) anti-inflammatory activity of L. camara has been attributed to the presence
2 Limonene 108.05 | 228 CH.(C-9) Qf t'h§ pentacyclic triterpenes, oleanolic acid, and ursolic acid, whlch act as
2 inhibitors of human leucocyte elastase as well as COX-2 (cyclooxigenase
13 Carvone 110.07 | 94.0 CH, (¢-9) isoenzyme)?. The high antioxidant activity of L. camara oil from Peru,
14 Limonene 12026 | 13.5 C=C (C-6) evaluated by the Trolox equivalent antioxidant capacity assay (TEAC) was
15 Limonene 13290 | 2.0 C=C (C-1) ol?served (29.0f mmol Trolg);/kg). We sulglge;t thath this effect may be releﬁed to
the presence of carvone and limonene, which are the major components the EO
16 Carvone 13494 | 223 =€ frorg L. camara (92.8%) and also considerable antioxid;nts. Sinr::e carvone had
17 Carvone 144.20 | 53.9 CH (C-6) not yet been identified in L. camara oils (see Table 1) the Peru oil seems to be
18 Carvone 146.21 | 28.8 C=C (C-8) a new chemotype, which may be confirmed through the chemical composition
19 Limonene 149.00 | & C=C (C-8) analysis of plants yecollected. in different I_’eru reg_ions and seasons in order to
2 Carvone 19909 | 7.93 c-0(C2) compare the chemical evolution of the main constituents.
t.= traces.
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