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Abstract: The leaves of Lantana camara L. (Verbenaceae) were subjected to hydrodistillation, and the essential
oil extracted was examined with respect to chemical composition, antibacterial and antibiotic modifying activity
by gaseous contact. Among the 25 identified components, bicyclogermacrene (26.1%), B-caryophyllene (24.4%),
germacrene D (19.2%) and valecene (12.0%) were the main constituents. The essential oil volatile constituents
inhibited the growth of Staphylococcus aureus and Pseudomonas aeruginosa with MIC of 1 and > 1 mg/L,
respectively. The activity of the antibiotic amikacin was increased by 65% against S. aureus and P. aeruginosa
after contact with the volatile components.
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1. Introduction

Pseudomonas aeruginosa is an opportunistic affection that usually affects hospitatalized or
immunocompromised persons. Usually occurs infection of the airways by P. aeruginosa occurs
commonly in patients with cystic fibrosis but also occurs in patients with other forms of bronchiectasis
[1]. In view of the high antibiotic resistance and virulence, the infections associated to P. aeruginosa
are considered to have difficult management [2].
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In Germany, analysis of the sputum from patients with Cystic Fibrosis during a period of 12
months showed the presence of P. aeruginosa in 50% of these individuals and Staphylococcus aureus
in 63.3% are the most prevalent pathogens [3-4]. S. aureus has emerged as one of the most important
human pathogens, and it can be found in 20-40% of adult superior aerial vias [5].

Lantana is a genus of about 150 species of perennial flowering plants popularly used as
antirheumatic, stimulant, antibacterial, biologic control and as ornamental plant [6]. Phytochemical
studies of Lantana species lead to identification and isolation of terpenoids, flavonoids,
phenylethanoid glycosides, furanonaphthoquinones, iridoid glycosides and steroids [6-8].

Lantana camara L. (camard) is a shrub that belongs to Verbenaceae family and it’s native from
America and Africa. Different parts of the plant, mainly the leaves, have been used in treatment of
scratching, stomachache, rheumatism, wound healing, biliary fever, toothache, bronchitis, antiseptic
and other affections [9].

L. camara is a rich source of many bioactive molecules and the phytochemical studies have
resulted in the isolation of many triterpenes, steroids and flavonoids [10-11]. This plant has been
claimed to present activities antiprotozoal [12], antibacterial and antifungical [9,13], antioxidant [14],
insecticidal [15], antiviral [16], allelopathic properties [17] among others activities, but there is no
previous report regarding to modulatory activity of the essential oil by gaseous contact.

In this work, we report the chemical composition, antibacterial activity and antimicrobial
modulatory activity of L. camara essential oil from Cariri Cearense, Brazilian Northeast, by the
minimal inhibitory concentrations and gaseous contact methods.

2. Materials and Methods
2.1. Plant Material

Leaves of Lantana camara L. were collected in April, 2009, from the Small Aromatic and
Medicinal Plants Garden of the Natural Products Research Laboratory (LPPN) at University Regional
do Cariri (URCA), Crato - Ceara state, Brazil. A voucher specimen (#1662) was deposited in the
“Herbario Caririense Dardaro de Andrade Lima” of Regional University of Cariri, Crato.

2.2 Isolation of the essential oil

Samples of fresh leaves (400 g) were triturated and submitted to hydrodistillation process, in a
Clevenger-type apparatus for 2 hours, resulting in essential oil yield of 0.18%. The collected essential
oil was subsequently dried by anhydrous sodium sulfate (Na,SO,), and stored under refrigeration at <
4 °C until be tested.

2.3 GC and GC/MS analysis

Analysis by CG/MS of the essential oil was carried out on a Shimadzu GC-17 A/ MS QP5050A
(GC/MS system) using a DB-5HT fused silica capillary column (30 m x 0.25 mm i.d., 0.25 m film
thickness); carrier gas helium, flow rate 1.7 mL/min in split mode. The injection port and detector
temperature were 270 °C and 290 °C, respectively. The column temperature was programmed from 35
°C to 180 °C at 4 °C/min and then 180 °C to 250 °C at 10 °C/min. Mass spectra were recorded from 30
— 450 m/z. injected volume: 1 pL of 5 pg/mL solution in ethyl acetate. Solvent cut time was 3 min.
Individual components were identified by matching their 70 eV mass spectra with those of the
spectrometer data base using the Wiley L-built library [18] as well as by visual comparison of the
fragmentation pattern with those reported in the literature [19].

The percentage compositions were obtained from electronic integration measurements using
flame ionization detection (FID), also set at 250 C. n-Alkanes (Co-C,4) were used as reference points
in the calculation of relative retention indices. The concentration of the identified compounds was
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computed from the GC peak area without any correction factor. GC analyses were performed on a
Hewlett Packard 5890 SERIES II equipped with a flame ionization detector (FID) and a J] & W
Scientific DB-5 fused silica capillary column (30 m x .25 mm x 0.25 pm). GC oven temperature and
conditions were as described above. Injector and detector temperatures were 270°C and 290°C,
respectively. Hydrogen was used as carrier gas, flow rate 1.0 mL/min, split mode (1:10).

2.4 Gaseous contact

The antibacterial activity of L. camara essential oil was analyzed by the gaseous contact method
(indirect contact) [20]. In this assay, two standard strains (S. aureus - ATCC 12692; P. aeruginosa -
ATCC 15442), were obtained from Fundagdo Oswaldo Cruz — FIOCRUZ, were used. Petri dishes
containing gar Brain Heart Infusion agar (BHI) were inoculated with the strains (24 h; 35+2 °C). The
concentration of each inoculum was confirmed by viable count on Plate Count Agar (PCA). After this,
appropriate dilutions (0,5 scale McFarlland, 1 x 10° CFU/mL) were plated onto Plate Count Agar
(PCA).

An amount of 50 pg of oil was dissolved in 50 pL. of DMSO (1:1). The assay was performed in
triplicate and a dilution series of this essential oil solution was prepared: 50, 25, 12.5 and 6.25 ug of
oil. 100 pL of each dilution was placed inside the upper part of Petri dishs, in order to promote an
interaction between the volatiles constituents of the essential oil and the antibiotics. Petri dishes were
incubated at 35 + 2 °C (24 h).

The minimal inhibitory concentration (MIC) was defined as the minimal inhibitory dose per unit
space required to suppress the growth of microorganism in a closed system. The MIC values were
expressed as weight per unit volume (mg/L air), where the solution with 50 pg equals 1 mg/L air [20].

2.5 Antibiotic modulatory activity evaluation

The antibiotic modifying activity of the gaseous component was determined using the same
method and the solution with a total of 50, 25, 12.5 and 6.25 ug of oil was used. In these plates,
antibiotics disks with gentamicin and amikacin were used to determine changes in the inhibition zone
diameter of P. aeruginosa and S. aureus. Plates without the essential oil and with DMSO alone were
used as control.

2.6 Statistical analysis

The average inhibition zones obtained were submitted the statistical analysis using Analysis of
Variance (ANOVA) followed by the Student-Newman Keuls-test Multiple Comparisons. The results
with p < 0.05 were considered to be significant.

3. Results and Discussion

Table 1 summarizes the chemical composition and retention indices (RI) found using the
Hewlett-Packard Model 5971 GC/MS. The average essential oil yield of the experiments was 0.18 %.
Essential oil GC/MS analysis permitted the identification and quantification of twenty-two
constituents (100.0 %). Bicyclogermacrene (26.1%), f-caryophyllene (24.4%), germacrene D (19.2%)
and valecene (12.0%) were the main constituents identified (Table 1). Previous reports of the essential
oil of L. camara leaves is constituted mainly by sesquiterpenes, specially, B-caryophyllene,
isocaryophyllene, germacrene D and bicyclogermacrene [21-25].

Caryophyllene isomers were present between the main constituents of essential oil L. camara
from Brazil Northeastern in different daytime [26]. In the evaluation seasonal of the essential oil of L.
camara collected in Madagascar [27], concentration of caryophyllene has been reported to be
consistently high throughout the year, independent of sampling seasons.
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Table 1. Chemical constituents of essential oil of the leaves of L. camara.

Order Constituents RI* RI® (%)
1 o-pinene 937 938 0.1
2 sabinene 969 973 0.2
3 B-pinene 973 978 0.1
4 terpinolene 1082 1084 0.1
5 terpinene-4-ol 1175 1177 0.1
6 a-terpineol 1186 1189 0.1
7 cis-3-hexenyl isovalerate 1216 1217 0.1
8 d-elemene 1337 1337 0.3
9 o-copaene 1371 1376 1.1
10 B-elemene 1382 1385 1.6
11 B-caryophyllene 1416 1417 244
12 v-elemene 1429 1433 54
13 aromadendrene 1431 1439 0.8
14 germacrene-D 1473 1474 19.2
15 bicyclogermacrene 1490 1491 26.1
16 valencene 1497 1496 12.0
17 d-cadinene 1520 1524 1.2
18 germacrene B 1558 1560 1.2
19 spathulenol 1575 1576 1.3
20 caryophyllene oxide 1582 1581 0.2
21 viridiflorol 1591 1590 4.1
22 d-cadinol 1635 1636 0.3
Total identified 100

? relative retention indices experimental: n-alkanes (Co-C,;) were used as reference points in the calculation of
relative retention indices. ® relative retention indices [19].

The results of antibacterial tests by gaseous contact show that P. aeruginosa no was susceptible
to essential oil volatile constituents, and S. aureus was susceptible (MIC 1 mg/L air). Other study
showed that S. aureus was more susceptible (MIC 0.25 mg/L air) to the volatile constituents of the
essential oil of L. montevidensis Briq. [28]. In previous reports was verified the antibacterial activity of
L. camara essential oil against S. aureus by direct contact method [23-25], but there is no previous
report regarding to antibacterial activity by indirect contact.

In other study essential oil of L. camara show antibacterial activity by direct contact against
Arthrobacter protophormiae, Micrococcus luteus, Rhodococcus rhodochrous and S. aureus with
minimal bactericidal concentrations of 50, 25, 12.5 and 200 pg/mL, respectively [23].

The antibiotic activity of amikacin against S. aureus was enhanced in the presence of the
essential oil by gaseous contact Table 2. Enhancement of antibacterial activity of amikacin and
gentamicin against P. aeruginosa by the essential oil was verified too. The amikacin zone inhibition
diameter was increased (65%), Table 2.

Table 2 show that more significative synergic effects are associated to an increase of essential
oil volatile constituents concentrations, and this is statistically significant (p < 0.05) in comparison
with controls (antibiotics and DMSO).

One study was observed synergistic effects of gentamicin and amikacin activities against S.
aureus in the presence of the essential oil constituents of L. montevidensis Briq., by gaseous contact
method. The amikacin zone inhibition diameter was increased (29%). Enhancement of antibacterial
activity of amikacin and gentamicin against P. aeruginosa by the essential oil was verified too, it was
verified a increasing in 102% of the amikacin activity [28].

In one study oil essential of the leaves of L. camara was examined to modulatory activity by
microdilution test against two multiresistant strains, E. coli from sputum and S. aureus from surgical
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wound, obtained from clinical material. The synergism of the essential oil on aminoglycosides was
verified which showed significant reduction of MICs (1250 to 5 pg/mL) against E. coli [22].

In other study was verified the synergistics effects of the extracts etanolic of leaves and roots of
L. montevidensis Briq. on aminoglycosides activity by microdilution test. The maximum effects were
obtained with extract roots on gentamicin activity against multiresistant strains of E. coli with MIC
reduction (312 to 2 pg/mL) [29].

Table 2. Modification of the antibiotic activity of the volatile constituents of L. camara essential oil by
gaseous contact on S. aureus and P. aeruginosa.

Staphylococcus aureus (mm = DP) Pseudomonas aeruginosa (mm + DP)
Treatment

Gentamicin (%) Amikacin (%) Gentamicin (%) Amikacin (%)
Antibiotics 16.3+0.6 - 17.3+0.6 - 14.3+0.6 - 15.0+0.0 -
DMSO 16.7+0.6 - 17.3+0.6 - 14.0+0.0 - 15.3+£0.6 -

22.3+1.1° 29 17.3+0.6° 21 247+0.6° 65
EOLc 25 ug 16.3+0.6 21.0£1.1° 21 17.0+£0.6" 19 233+0.6 55
EOLc 12.5ug  16.3+1.1 19.3¢0.6 11 16.5+0.0 15  20.0+0.0° 33
EOLc 6.25ug  16.0+0.0 0 18000 4 16.0+1.0 12 18305 22

EOLc 50 ug 16.3+£0.6

oS O O

EOLc - Essential Oil of L. camara; (%) - Percentages of enhancement on antibiotic activity; ¥*The mean values
of inhibition zones (mm + DP) are statistically significant when compared with controls (p < 0.05 — ANOVA
followed by the Student-Newman Keuls-test Multiple Comparison). The results are expressed as mean + DP
(n=3).

Essential oils may interact with and affect the plasma membrane, interfering with respiratory
chain activity and energy production [30]. The improvement of antibacterial activity against the gram-
negative bacteria P. aeruginosa demonstrated a significative result, as the gram-positive bacteria are
more susceptible to natural products [31].

The mechanism of action of terpenes is not fully understood but is speculated to involve
membrane disruption by the lipophilic compounds, with permeability enhancement [32]. This property
can facilitate the antimicrobial agents to penetrate into cell, leading to an activity enhancement. That is
a plausible explanation for the positive interactions between the sesquiterpenes constituents and the
conventional antibiotics [33].

Many plants have shown no only antibacterial properties, but also the ability to interfere with
the antibiotic resistance. The sesquiterpenes constituents (guaiazulene, nerolidol (mixture of the cis
and frans isomers) and germacrene D in association with ciprofloxacin, erythromycin, gentamicin and
vancomycin demonstrated synergic effect against E. coli and S. aureus [34].

The data cited in the literature regarding the essential oil interference, by gaseous contact, show
relevant and promising results. In one study Croton zehntneri essential oil reinforced the gentamicin
activity against P. aeruginosa increasing the inhibition halo (48.2%) [35].

The results obtained here show that L. camara volatile constituents suppress the S. aureus
growth, pathogenic bacteria of respiratory system and could be a source of metabolites with
antibacterial modifying activity to be used as adjuvants to antibiotic therapy against these pathogens.
In part, this study can justify the popular use of L. camara to treat respiratory affections.

Acknowledgments
The authors would like to acknowledge financial support from CAPES, CNPq and FUNCAP,

UFPI for the chromatograms and FIOCRUZ for the microbial strains. CNPg-INCT for excitotoxicity
and neuroprotection.



149 Sousa et.al., Rec. Nat. Prod. (2012) 6:2 144-150

References

[1] K. A. Miszkiel, A. U. Wells, M. B. Rubens, P. J. Cole and D. M. Hansell (1997). Effects of airway
infection by Pseudomonas aeruginosa: a computed tomographic study, Thorax. 52, 260-264.

[2] N. H. Valerius, C. Koch and N. Hoiby (1991). Prevention of chronic Pseudomonas aeruginosa colonisation
in cystic fibrosis by early treatment, Lancet. 338, 725-726.

[3] H. D. M. Coutinho, V. S. Falcao-Silva and G. F. Goncalves (2008). Pulmonary bacterial pathogens in
cystic fibrosis patients and antibiotic therapy: a tool for the health workers, Int. Arch. Med, 1, 24.

[4] G. Valenza, D. Tappe, D. Turnwald, M. Frosch, C. Konig and H. Hebestreit (2008). Prevalence and
antimicrobial susceptibility of microorganisms isolated from sputa of patients with cystic fibrosis, J. Cyst.
Fibros, 7, 123-127.

[5] E. W. Konemann (2001). Diagnéstico microbiolégico. Texto e Atlas. Medsi: Rio de Janeiro, Rio de
Janeiro.

[6] E.L. Ghisalberti (2000). Lantana camara L. (Verbenaceae). Fitoterapia. 71, 467-486.

[7] J. T. Barre, B. F. Bowden, J. C. Coll, J. De Jesus, V. De La Fuente, G. C. Janairo and C. Y. A. Ragasa
(1997). Bioactive triterpene from Lantana camara, Phytochemistry. 45, 321-324.

[8] D. K. Verma, S. K. Singh, G. Nath and V. Tripathi (1997). Antimicrobial active triterpenoids from Lantana
species, Indian Drugs. 34, 390-392.

[9] M. J. Deena and J. E. Thoppil (2000). Antimicrobial activity of the essential oil of Lantana, Fitoterapia.
71, 453-455.

[10] S. Begum, S. Q. Zehra and B. S. Siddiqui (2008). Two new pentacyclic triterpenoids from Lantana camara
Linn. Chem. Pharm. Bull. 56, 1317-1320.

[11] D. K. Verma, S. K. Singh and V. Tripathi (1997). A rare antibacterial flavone glucoside from Lantana
camara, Indian Drugs. 34, 32-35.

[12] C. Clarkson, V. J. Maharaj, N. R. Crouch, O. M. Grace, P. Pillay, M. G. Matsabisa, N. Bhagwandin, P. J.
Smith and P. I. Folb (2004). In vitro antiplasmodial activity of medicinal plants native to or naturalized in
South Africa, J. Ethnopharmacol. 92, 177-191.

[13] O. O. Sonibare and I. Effiong (2008). Antibacterial activity and cytotoxicity of essential oil of Lantana
camara L. leaves from Nigeria, African J. Biotechnol. 7, 2618-2620.

[14] J. Benites, C. Moiteiro, G. Miguel, L. Rojo, J. Lopez, F. Venancio, L. Ramalho, S. Feio, S. Dandlen, H.
Casanova and I. Torres (2009). Composition and biological activity of the essential oil of Peruvian Lantana
camara, J. Chilean Chem. Soc. 54, 379-384.

[15] V. K. Dua, A. C. Pandey and A. P. Dash (2010). Adulticidal activity of essential oil of Lantana camara
leaves against mosquitoes, Ind. J. Med. Res. 131, 434-439.

[16] C. Garcia, E. G. Acosta, A. C. Carro, B. M. C. R. Fernandez, R. Bomben, C. B. Duschatzky, M. Perotti, C.
Schuff and E. B. Damonte (2010). Virucidal activity and chemical composition of essential oils from
aromatic plants of central west Argentina, Nat. Prod. Commun. 5, 1307-1310.

[17] M. Verdeguer, M. A. Bldazquez and H. Boira (2009). Phytotoxic effects of Lantana camara, Eucalyptus
camaldulensis and Eriocephalus africanus essential oils in weeds of Mediterranean summer crops,
Biochem. System. Ecol. 37, 362-369.

[18] J. W. Alencar, A. A. Craveiro, F. J. A. Matos and M. 1. L. Machado (1900). Kovats indices simulation in
essential oils analysis, Quim. Nova, 13, 282-284.

[19] R. P. Adams (2007). Identification of Essential Oil Components by Gas Chromatography/Mass
Spectrometry, 4™ Ed. Allured Publishing Corporation. Carol Stream, Illinois.

[20] S. Inouye, T. Takizawa and H. Yamaguchi (2001). Antibacterial activity of essential oils and their major
constituents against respiratory tract pathogens by gaseous contact, J. Antimicrob. Chemother. 47, 565-573.

[21] R. C. Padalia, R. S. Verma and V. Sundaresan (2010). Volatile constituents of three invasive weeds of
Himalayan region, Rec. Nat. Prod. 4, 109-114.

[22] E. O. Sousa, N. F. Silva, F. F. G. Rodrigues, A. R. Campos, S. G. Lima and J. G. M. Costa (2010).
Chemical composition and resistance-modifying effect of the essential oil of Lantana camara Linn.
Pharmacog. Mag. 6, 79-82.

[23] N. P. Kurade, V. Jaitak, V. K. Kaul and O. P. Sharma (2010). Chemical composition and antibacterial
activity of essential oils of Lantana camara, Ageratum houstonianum and Eupatorium adenophorum,
Pharm. Biol. 48, 539-544.



Synergistic effect of the essential oil of Lantana camara 150

[24] J. G. Costa, E. O. Sousa, F. F. G. Rodrigues, S. G. Lima and R. Braz-Filho (2009). Chemical composition,
evaluation of antibacterial activity and toxicity of the essential oils from Lantana camara L. and Lantana
sp. Braz. J. Pharmacogn. 19, 721-725.

[25] T. Herndndez, M. Canales, J. G. Avila, A. M. Garcia, A. Martinez, J. Caballero, A. Romo de Vivar and R.
Lira (2005). Composition and antibacterial activity of essential oil of Lantana achyranthifolia Desf.
(Verbenaceae), J. Ethnopharmacol. 96, 551-554.

[26] E. O. Sousa, A. V. Colares, F. F. G. Rodrigues, A. R. Campos, S. G. Lima and J. G. Costa (2010). Effect of
collection time on essential oil composition of Lantana camara Linn (Verbenaceae) growing in Brazil
Northeastern, Rec. Nat. Prod. 4, 31-37.

[27] J-A. Randrianalijaona, P. A. R. Ramanoelina, J. R. E. Rasoarahona and E. M. Gaydou (2005). Seasonal and
chemotype influences on the chemical composition of Lantana camara L. Essential oils from Madagascar,
Anal. Chim. Acta. 545, 46-52.

[28] E. O. Sousa, F. F. G. Rodrigues, H. D. M. Coutinho, A. R. Campos, S. G. Lima and J. G. M. Costa (2011).
Chemical composition and aminoglycosides synergistic effect of Lantana montevidensis Briq.
(Verbenaceae) essential oil, Rec. Nat. Prod. 5, 60-64.

[29] E. O. Sousa, T. S. Almeida, F. F. G. Rodrigues, A. R. Campos, S. G. Lima and J. G. M. Costa, (2011).
Lantana montevidensis Briq improves the aminoglycoside activity against multiresistant Escherichia coli
and Staphylococcus aureus, Ind. J. Pharm. 43, 180-182.

[30] K. Nicolson, G. Evans and P. W. Toole (1999). Potentiation of methicillin activity against methicillin-
resistant Staphylococcus aureus by diterpenes, FEMS Microbiol. Lett. 179, 233-239.

[31] J. G. Silva, I. A. Souza, J. S. Higino, J. P. Siqueira-Junior, J. V. Pereira and M. S. V. Pereira (2007).
Atividade antimicrobiana do extrato de Anacardium occidentale Linn em amostras multiresistentes de
Staphylococcus aureus, Braz. J. Pharmacogn. 17, 572-5717.

[32] M. M. Cowan (1999). Plant products as antimicrobial agents, Clin. Microbiol. Rev. 2, 564-582.

[33] J. L. Rios and M. C. Recio (2005). Medicinal plants and antimicrobial activity, J. Ethnopharmacol. 100,
80-84.

[34] M. Simdes, S. Rocha, M. A. Coimbra and M. J. Vieira (2008). Enhancement of Escherichia coli and
Staphylococcus aureus antibiotic susceptibility using sesquiterpenoids, Med. Chem. 4, 616-623.

[35] F. F. G. Rodrigues, J. G. M. Costa and H. D. M. Coutinho (2009). Synergy effects of the antibiotics
gentamicin and the essential oil of Croton zehntneri, Phytomedicine. 16, 1052-1055.

ACG

publications

© 2011 Reproduction is free for scientific studies



