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Neste trabalho foram avaliados os efeitos da auxina ácido indol acético (0,44 µmol L-1) e das
citocininas thidiazuron (0,44 µmol L-1) e benziladenina (0,44 e 4,4 µmol L-1) sobre o
desenvolvimento e produção de compostos voláteis de plantas in vitro de Lantana camara L. Os
voláteis foram extraídos por microextração em fase sólida (SPME) e analisados utilizando
cromatografia com fase gasosa acoplada à espectrometria de massas (GC-MS). Plantas cultivadas
in vitro, nos diferentes tratamentos, apresentaram aumento na produção de mirceno, α-felandreno,
α-copaeno, trans-cariofileno e β-gurjuneno, e redução de α e β-pineno, quando comparadas com
a planta matriz.

The effects of the auxin indole-3-acetic acid at 0.44 µmol L-1 and the cytokinins thidiazuron
at 0.44 µmol L-1 and benzyladenine at 0.44 and 4.4 µmol L-1 on growth, development and volatile
compounds production of Lantana camara L. in vitro plants were investigated. The volatiles
were extracted by solid phase microextraction (SPME) and the quantification was performed
using GC-MS. A higher content of myrcene, α-phellandrene, α-copaene, trans-caryophyllene
and β-gurjunene, and the lower levels of α-pinene and β-pinene were observed in in vitro plants
cultivated on different supplementation media than in donor plants.
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Introduction

Lantana camara L. (Verbenaceae), commonly known
as wild or red sage, is native of tropical and subtropical
America. However, this species is cultivated world-wide
as an ornamental plant.1

Although some taxa of the widely variable L. camara
are toxic to ruminants,2 the plant has been used in folk
medicine, in many parts of the world, to treat fever,
influenza, asthma, bronchitis and a variety of other
disorders.1 In Brazil, the plant is used specially to treat
rheumatism and pulmonary problems rough.3

Studies on the chemical composition of the essential
oils of L. camara leaves and flowers from different origins

showed a great variation in chemical composition with
high percentage of sesquiterpenes.4,5 Differences in
composition were observed with samples obtained from
different places in Brazil.4 The essential oil of L. camara
showed a wide spectrum of antibacterial and antifungal
activities.6 Besides, the plant also had an insecticidal effect
on Sitophilus zeamais (Coleoptera, Curculionidae)
suggesting it is possible to use essential oil extracts from
L. camara to protect stored grains.7

Plant tissue culture can be used to induce quantitative
and qualitative modifications on the production of plant
secondary metabolites8 by changing nutrient medium
culture composition with phytohormones addition into the
medium.9 Investigations on the influence of growth
regulators on essential oil composition and yield are
numerous and a variety of effects on secondary metabolites
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production profiles when compared with donor plant have
been reported.10,11

The scope of the present study was to investigate the
influence of growth regulators on the production of volatile
compounds by in vitro plantlets of Lantana camara L.,
using solid phase microextraction (SPME) and gas
chromatography/mass spectrometry.

Experimental

Plant material

Seeds collected from L. camara wild plants were used
as source of plant material. A voucher specimen nº RFA
31226 was deposited at the herbarium of Biology Institute
of Universidade Federal do Rio de Janeiro. The cultures
were established according to Affonso.12 Nodal segments
excised from in vitro culture seedlings were inoculated in
basal medium Murashige and Skoog (MS).13 MS without
growth regulators (MS0) were maintained under white light
illumination (Sylvania fluorescent tubs) under 1.6 W m-2 ,
23 µmol m-2 s-1 daily photoperiod of 16 h at 25 ± 2 ºC.

Treatment with growth regulators

Plantlets were sub cultured in different media: MS0
(control), MS + 0.44 µmol L-1 Indole-3-acetic acid (IAA), MS
+ 0.44 µmol L-1 Benzyladenine (BA), MS 4.4 µmol L-1 BA
and MS + 0.44 µmol L-1 Thidiazuron (TDZ) for 75 days.

Extraction

Donor plant and in vitro plantlets were submitted to
solid phase microextraction (SPME). The SPME apparatus
was purchased from Supelco Inc. A 65 µm poly-
dimethylsiloxane divinylbenzene (PDMS/DVB) fiber was
used. For each extraction, 0.1 g of fresh leaves was placed
in a 4 mL vial. In each extraction the sample was kept for
1 h in repose at ambient temperature to achieve the
partition equilibration between the sample and headspace.
After this time, the SPME fiber was exposed to the
headspace of the sample to adsorb analytes. After 15
minutes, the fiber was withdrawn into the needle and then
introduced into a heated chromatographic injector for
desorption for 3 minutes.

Gas chromatography and gas chromatography-mass
spectrometry

The analyses were performed in a Perkin-Elmer
Autosystem gas chromatograph equipped with HP-5 (5%

phenylmethyl silicone) fused capillary column (20 m ×
0.18 mm id, film thickness = 0.40 µm) and a flame
ionization detector (FID). The oven temperature was
programmed from 40 ºC to 240 ºC at 3 ºC min-1 with an
initial isothermal period of 3 min, splitless. The injector
temperature was kept at 250 ºC and the detector at 280 ºC.
Hydrogen was used as carrier gas at a linear velocity of 1
mL min-1.

The GC/MS analyses were carried out on an Agilent
5973 mass selective detector coupled to an Agilent 6890
gas chromatograph, equipped with HP-5 (5%
phenylmethyl silicone) fused capillary column (30 m ×
0.25 mm id, film thickess = 0.25µm). The mass
spectrometer was operated on electron impact mode at 70
eV. The oven temperature was programmed from 60 ºC to
240 ºC at 3 ºC min-1 and injector temperature was the
same as above. Injections were made in splitless mode
and helium was used as the carrier gas at linear velocity
of 1 mL min-1.

Identification of the volatiles

Compounds were identified by comparison of mass
spectra with those in a Wiley 6th edition library and by
comparison of GC retention indices calculated by linear
interpolation to retention times of a series of n-alkanes
(C7-C26), with those reported in the literature.14

Quantification was performed from GC profiles using
relative area (%).

Statistics

Data obtained were subjected to the analyses of variance
(ANOVA) and means were compared by the Tukey’s test
at 5% significance.

Results and Discussion

Development of in vitro L. camara shoots occurred in
all different growth regulators supplemented media and
the results obtained were compared with those from
plantlets cultured on MS0 medium (control).

The number of shoots per explant formed was not
significantly different among the different types of media.
However, the growth and development of nodal segments
varied considerably with the growth regulator treatment
(Table 1).

Addition of 4.4 µmol L-1 BA or 0.44 µmol L-1 TDZ to
the MS medium resulted in a significant decrease on the
length of shoots formed and on root formation, although
media supplementation with 4.4 µmol L-1 BA resulted in
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the highest number of shoots per explant and in the highest
number of nodes per plantlet. Multiple shoots and nodes
formed in shorter plantlets turns the nodal segments
individual isolation too difficult what is not desired for
micropropagation.

IAA at 0.44 µmol L-1 was considered the best hormonal
supplementation for multiplication of the culture. However
no significant difference was observed in plantlets cultured
on this media and in MS0 media (control).

The volatiles obtained from donor plants and from in
vitro plantlets by SPME extraction showed quantitative and
qualitative variation. Compounds are listed on Table 2.

Plantlets cultivated on MS medium produced less
compounds than donor plants as we can see on Table 2.
Besides, plantlets cultivated in vitro, on MS0 medium,
produced lower quantities of α-pinene and β-pinene, but
produced more myrcene, α-phellandrene, α-copaene,
trans-caryophyllene and β-gurjunene than donor plants
(Figure 1).

Variation on essential oil composition produced in
plants related to different developmental stages has already
been reported for some species.15 Besides, parameters as
climatic factors, environment and cultivation site must be
also considered.

In vitro plants are exposed to a microenvironment
(humidity, light levels, nutrients) selected to provide

optimal conditions for plant growth, development and
multiplication with minimal stress. On the other hand,
field plants are continuously exposed to more stressful
conditions, especially due to pathogens and insects
predation. It stimulates essential oil production since many
secondary metabolites are toxic to these organisms acting
as defense substances.

Comparing volatile compounds data from in vitro
plantlets cultivated in MS0 medium (control) with those
cultivated in MS media supplemented with different types
and concentrations of growth regulators it was observed
that addition of 0.44 µmol L-1 IAA in the medium resulted
in an increase in α-pinene and β-pinene levels about
148% and 94% respectively, while addition of 0.44 µmol
L-1 TDZ resulted in an increase in trans-caryophyllene
level about 54%. The kind of proteins formed in a plant
cell before or soon as growth promotion starts may be
affected by auxins which can changes the level of some
substances through the modification of the cell enzymatic
pattern.11

BA at 0.44 µmol L-1 added to MS medium increased
proportion of myrcene about 80% and α-phellandrene
about 15% while BA at highest concentration (4.4 µmol
L-1) caused an increase of α-pinene and β-pinene about
130% and 75% respectively, when compared with control
plants (MS0).

Table 1. Effect of type and concentration of plant growth regulators after 60 days of culture (mean ± s.e, n=30 by treatment)

Culture media Number of shoots per explant Number of nodes per plantlet Shoot length Root frequency / (%)

MS0 3.25 ± 0.42 s13.59 ± 1.14 s7.46 ± 0.43 87.5
MS + 0.44 µmol L-1 IAA 3.41 ± 0.42 s12.44 ± 0.62 s8.55 ± 0.52 93.7
MS + 0.44 µmol L-1 TDZ 2.31 ± 0.31 0s9.88 ± 0.61 4.71s ± 0.12 18.7s

MS + 0.44 µmol L-1 BA 2.59 ± 0.27 s10.50 ± 0.75 s6.41 ± 0.27 75.0
MS + 4.4 µmol L-1 BA 4.61 ± 0.65 19.46s ± 1.67 5.72s ± 0.38 42.9s

sIndicates significant differences by comparison with control (p<0.05).

Figure 1. Composition (%) of the major volatile components of aerial parts from donor plants and from 75 days old in vitro plantlets cultivated in different
media.
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Table 2. Composition (%) of the volatile components of aerial parts from donor plants and from 75 days old in vitro plantlets cultivated in different media

Volatile components Relative area / (%)

Donor plants In vitro plantlets

MS0 0.44 µmol L-1 IAA 0.44 µmol L-1 TDZ 0.44 µmol L-1 BA 4.4 µmol L-1 BA

α-thujene 1.1 - 0.4 0.3 - -
α-pinene 11.9 2.7 6.7 2.1 2.1 6.2
camphene 0.4 - - - - -
sabinene 1.5 - 0.7 0.4 - -
β-pinene 5.8 1.6 3.1 1.3 1.3 2.8
3-octanone 0.2 - - - - -
myrcene 0.4 12.2 12.7 9.8 21.9 13.0
3-octanol 0.2 - - - - -
α-phellandrene 0.2 8.3 6.2 4.6 9.5 4.5
acetate-3-hexen-1-ol 0.6 - - - - -
α-terpinene 1.9 - - - - -
p-cimene 0.7 - - 0.2 - -
limonene 0.5 - - 0.3 - -
1,8-cineole 3.5 - - - - -
(E)-β-ocimene 0.4 - - 0.1 - -
α-terpinolene 0.2 - - - - -
δ-elemene 0.3 - - 0.5 - -
α-cubebene 0.7 1.1 0.8 1.3 - 0.8
cyclosativene - 0.6 - 0.3 - -
α-ylangene 0.3 - - 0.7 - -
α-copaene 3.2 8.1 5.9 6.1 6.4 7.2
β-bourbonene 1.0 0.8 0.6 1.1 - -
β-cubebene 0.5 1.8 1.4 0.6 1.3 1.5
β-elemene 0.7 - - 0.5 - -
n.i. 1.4 3.5 2.9 1.7 3.3 3.0
n.i. 1.3 0.9 0.8 2.1 - 1.4
(Z)-caryophyllene 0.8 4.3 3.7 1.0 4.1 3.6
α-gurjunene 1.7 - - 1.4 - -
n.i. 0.8 1.0 1.0 0.5 1.2 1.2
trans-caryophyllene 8.2 13.7 12.3 21.1 10.7 13.1
n.i. 0.7 8.0 7.0 0.7 6.7 6.5
β-gurjunene 2.9 5.9 5.2 6.2 4.8 5.6
γ-elemene 0.9 1.0 1.1 1.1 - 1.6
α-bergamotene 1.1 - 0.9 1.8 - -
aromadendrene 1.7 2.6 2.4 1.5 3.1 3.1
n.i. - 0.9 0.8 0.5 - -
α-himachalene 0.9 0.7 0.7 1.2 - -
α-humulene 0.6 1.0 1.0 1.2 1.1 1.1
β-farnesene 1.1 2.0 1.6 0.8 2.5 2.2
allo-aromadendrene 1.0 1.0 0.8 1.6 - 1.2
muurola-4(14),5-diene 1.2 2.3 1.7 0.9 3.3 2.9
n.i. - - - 0.3 - 0.6
n.i. - - - 0.3 - -
γ-gurjunene 1.0 0.7 0.4 1.4 0.6 -
γ-muurolene 1.2 - 0.2 2.3 - -
germacrene-D 2.3 2.3 1.5 4.5 2.5 2.3
β-selinene 0.3 0.5 0.4 0.4 - -
bicyclogermacrene 2.7 1.5 1.7 4.0 1.8 3.0
α-muurolene 1.2 1.3 1.1 1.7 1.4 1.5
δ-guaiene 0.9 0.9 0.8 1.4 - 1.3
γ-cadinene 0.6 0.3 0.4 1.2 2.3 -
7-epi-α-selinene 1.0 0.7 0.5 1.0 - 1.0
δ-cadinene 1.9 1.9 1.7 3.4 - 2.3
cubebene - - - 0.3 - -
α-cadinene 0.2 - - 0.5 - -
Total (identified) 71.6 89.8 78.6 92.1 80.7 82.4
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Conclusions

The results obtained in the present study suggest that
the type and concentration of growth regulators can
influence Lantana camara L. volatile composition
qualitative and quantitatively, although the same major
compounds were produced by in vitro plantlets. No direct
relation with volatile compounds production and plantlets
growth and development was observed. Besides, with our
results and literature overview we can conclude that there
is no specific relation with type of growth regulators and
compound groups specific accumulation.
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